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DISCLAIMER:
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a “decisiondocument”as definedby the NationalEnvironmentalPolicy Act (NEPA). It doesnorallocate
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public reviewandselectionof alternatives.
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EXECUTIVE SUMMARY

INTRODUCTION

TheMexicanspottedowl was listedasa
threatenedspecieson 15 April 1993. Two
primaryreasonswerecited for the listing: his-
torical alterationof its habitatas the resultof
timbermanagementpractices,specificallythe use
of even-aged silviculture, plusthe threatof
these practicescontinuing,asprovidedin Na-
tional Forest Plans.The dangerof catastrophic
wildfire was alsocited as a potentialthreatfor
additional habitatloss.Concomitantwith the
listing of the Mexicanspottedowl, a Recovery
Teamwas appointedby FWS Southwestern
RegionalDirectorJohnRogersto develop a
RecoveryPlan.This reportconstitutesthe
RecoveryPlanfor theMexicanspottedowl.

This RecoveryPlanprovides abasisfor
managementactions to beundertakenby land-
managementagenciesandIndian Tribes to
remove recognizedthreatsand recover the
spottedowl. Primaryactionswill be takenby the
USDA ForestService,USD1 Bureauof Land
Management,USD1 FishandWildlife Service,
USD1 Bureauof Indian Affairs, andsovereign
AmericanIndian Tribes.The FishandWildlife
Servicewill overseeimplementationof the
RecoveryPlanthroughits authorities underthe
EndangeredSpeciesAct.

TheTeam madeevery effort toidentify and
considerall sourcesof information in developing
this plan.Previousplans developed forthe
northernspottedowl (Thomasetal. 1990,Bart
et al. 1992) andtheCalifornia spottedowl
(Verneret al. 1992) wereconsideredin the
developmentof this RecoveryPlan.TheTeam
analyzeddatathat hadnor beenevaluated
previouslyandre-analyzeddatawhenappropri-
ate toensurethat informationwas consistentor
to addressquestionsnot consideredin previous
analysesof those data.

RECOVERY GOAL

The purposeof this RecoveryPlanis to
outlinethe stepsnecessary toremovetheMexi-

canspottedowl from the list of threatened
species.

THE RECOVERY PLAN

The RecoveryPlancontainsfive basic
elements:

1. A recoverygoalanda setof delisring
criteria that,whenmet, will allow the
Mexicanspottedowl to be removedfrom
the list of threatenedspecies.

2. Provisionof threegeneral strategiesfor
managementthatprovide varyinglevels
of habitat protection dependingon the
owl’s needsandhabitatuse.

3. Recommendationsfor population and
habitat monitoring.

4. A researchprogramto address critical
informationneedsto better understand
the biology of the Mexicanspottedowl
and theeffectsof anthropogenicactivi-
ties on the owl and its habitat.

5. Implementationproceduresthat
specify oversightandcoordination
responsibilities.

Eachof theseelementsis described briefly
below.

Delisting Criteria

The primarythreatto theMexicanspotted
owl leadingto its listing asa threatenedspecies
was the alterationof its habitatin Arizona and
New Mexico as the resultof timbermanage-
ment,specificallyeven-agedmanagement.
Mexicanspottedowls use avarietyof habitats,
but are typically associatedwith multi-canopied
standsof mature mixed-coniferandponderosa
pine-Gambeloakforests.Past loggingusing
even-agedshelterwoodprescriptionsthatin-
cludedshortrotationsandthe removalof large

Volume i/ExecutiveStimmary ix
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volumesof timbergreatlysimplified stand
structureswhich adverselyaffected>300,000ha
(800,000ac) of spottedowl habitat(Fletcher
1990).ExistingForest Planscall for continued
useof shelterwoodharvests,potentially leading
to continuedloss of owl habitat. However,the
Teamrecognizesandis encouragedby recent
efforts toamendexistingForest Plans tode-
emphasizethe useof even-aged silvicultureand
incorporatethe managementguidelinesprovided
within this RecoveryPlan.

The rangeof the Mexicanspottedowl was
divided into six RecoveryUnits in the United
Statesandfive in Mexico. RecoveryUnits were
based on various factorsincludingbiotic prov-
inces, the spottedowl’s ecology,andmanage-
mentconsiderations.If delisringcriteria aremet,
RecoveryUnits can bedelisredseparately.The
following criteria mustbemet for delisring to be
considered: (1) thepopulationin the three most
populatedRecoveryUnits mustbe stable or
increasing after10 yearsof monitoring; (2)
scientifically-validhabitatmonitoringprotocols
aredesignedandimplementedto assess(a) gross
changes inhabitatquantity acrosstherangeof
the Mexicanspottedowl, and (b) habitatmodifi-
cationsandhabitattrajectorieswithin treated
stands;and(3) a long-termmanagement planis
in place toensureappropriatemanagementfor
the spottedowl andits habitat.If thesethree
criteria aremet, thentheMexicanspottedowl
can be delisredwithin anyRecoveryUnit if
threats havebeenmoderatedor regulated,andif
habitattrendsare stable or increasing.

Levels of Protection

Generalrecommendationsareproposedfor
threelevelsof management:protectedareas,
restrictedareas,andotherforest andwoodland
types (TableES.1). Protectedareasincludea 243
ha (600ac) “ProtectedActivity Center” (PAC)
placedat knownor historicalnestand/orroost
sires,slopes>40%in mixed-coniferandpine-oak
foreststhathavenot beenharvestedwithin the
past20 years,andadministrativelyreserved
lands.Harvestof trees>22.4cm (9 inches)dbh
(diameterat breast height)is not allowedwithin
protectedareas,but light underburningis
permittedon acase-specificbasisas neededto

Volume i/ExecutiveSummary

reducefuels. Also, afire risk-abatementprogram
is proposedto allow the treatmentsof fuels using
a combinationof fuel removalandfire. This
managementcan beconductedinitially within
10% of thePACs, afterwhich time the effective-
nessof the programshouldbe evaluated. Similar
managementcan beconductedon steepslopes,
but with no areal restrictions.

Restrictedareasincludeponderosapine-

Gambel oak andmixed-coniferforestsand
riparian environments.Target/thresholdcriteria
are providedto define theproportionof the
landscapethatshouldbe in orapproaching
conditionssuitable fornestingandroosring.The
remainderof the landscapeshouldbe managed
in such a way toallocatestands toensurea
sustainedprovision of nest androosthabitat
throughtime. Broadguidelinesfor riparian
systemsemphasizethemaintenanceandrestora-
tion of riparian areasto ensurea mix of size and
ageclasses.

Otherforestandwoodlandtypesinclude
ponderosapineandspruce-fir forests,pinyon-
juniperwoodlands,and aspengrovesthatare not
includedwithin PACs.No specificguidelines are
proposed,but generalrecommendationsare
given to managetheseareasfor landscapediver-
sitywithin natural rangesof variation.

Population and Habitat Monitoring

The RecoveryPlanprovidesa detailed
programto monitorspottedowl populations
andhabitats.Bothare keycomponentsof the
delisringcriteria. Populationmonitoringis
restrictedto the three mostpopulatedRecovery
Units becausetheir spottedowl populations
meetsamplesize criteria for themonitoring
design. Further, these RecoveryUnits comprise
the core Mexicanspottedowl population and
theTeam assumesthattheirpopulationstatus
reflectsthat of the entirepopulation. Thedesign
presentedin the RecoveryPlan entailsthe useof
mark-recapture methodologyon randomquad-
rats toestimatekey populationparameters.The
objectivesof thehabitatmonitoringare (a) to
trackgrosschanges inhabitatquality andquan-
tity usingremotesensing technology,and (b) to
evaluatewhethertreatmentsmeetthedesired
goalof settingstands ontrajectoriesto become
replacementhabitat.

x
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Table ES.1. Overviewof managementcategoriesby vegetationtypefor landsnot
administrativelyreserved.

Timber Harvest
Within Past

20 Years?
Management

Category

Any
Mixed-conifer
Pine-Oak
Mixed-conifer
Pine-Oak
Mixed-conifer
Pine-Oak
Riparian
PonderosaPine
Spruce-Fir
Pinyon-Juniper
Aspen
Oak

Yes
No
No
No
No
No
No
No
No
No
No
No
No

Yes
Yes
Yes
Yes
No
No
No
No
No
No
No
No

No
No
Yes
Yes

Protected
Protected
Protected
Restricted
Restricted
Restricted
Restricted
Restricted
Other types
Other types
Other types
Other types
Other types

1Refersto land containedwithin aprotectedactivity center.

Activity-specific ResearchProgram

The RecoveryTeammadeextensiveuseof
scientific data.During the processof gathering
andevaluatingthese data,it becameevidentthat
additionalinformationwas neededto refine the
recoverymeasures.Pastresearcheffortsempha-
sizedinductiveapproachesto gatherinformation
on basiclife history needsof thespottedowl.
Although these research effortsprovidedsome
key information, more rigorousanddirected
approacheswill be neededto addressquestions
on dispersal,generics,habitat,populations,and
effect of managementon spottedowls andother
ecosystemattributes.

Implementation Measures

RecoveryPlans arenot self-implementing
underthe EndangeredSpeciesAct. Thus,an
implementationscheduleis providedthat
outlinesstepsneededfor the executionof the
recoverymeasures.Theseimplementation
guidelinesincludethe formation of an inter-
agencyworking teamfor eachRecoveryUnit to
overseeimplementationof the recovery measures
thatencompassfour broadareas:resource

managementprograms,active management
actions,monitoring, andresearch.

CONCLUSION

The RecoveryPlan is basedlargely on final
andpreliminaryresultsof field studiesof spotted
owl habitatuse,populationbiology, anddistri-
burion. TheTeam relied oninformationpub-
lished inthe bothscientific and“gray” literature.
If datawereavailablebut unanalyzed,the Team
madeeveryreasonableeffort to conductthose
analyses.Reanalysesof datawere conducted
when theTeam wished to addressquestionsnot
addressedby thosewho collectedthe data.Thus,
this RecoveryPlan representsthe currentstate-
of-knowledge ontheMexican spottedowl.

The Recovery Planrecommendationsare a
combinationof (1) protectionof bothoccupied
habitatsandunoccupiedareasapproaching
characteristicsof nesting habitat,and(2) imple-
mentationof ecosystemmanagementwithin
unoccupiedbut potentialhabitat. Thegoal is to
protect conditions andstructuresused by spot-
red owlswheretheyexistand set otherstands on
a trajectoryto grow into replacementnest
habitator to provideconditionsfor foragingand

Vegetation
Type

In Nest
Area?

Slope
> 40%
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dispersal. BynecessitythisPlan is ahybrid
approachbecausethe statusof the Mexican
spottedowl as a threatenedspeciesrequires some
level of protectionuntil thesubspeciesis
delisred.These constraintsmodify waysand
opportunitiesto manageecosystemswithin
landscapes where owlsoccuror might occurin
the future.The Plan advocatesapplyingecosys-
temmanagementin two slightly differentways.
Within unoccupiedmixed-coniferandpine-oak
forest on <40 00 slope, weprovideboth general
(coarsefilter) andspecific (fine filter) guidelines
to providea sustainablequantityof replacement
nest habitatacrossthelandscape.Within other
unoccupiedforest andwoodlandtypes (e.g.,
ponderosapine, spruce-fir,aspen,andpinyon-
juniper),generalguidanceis providedfor man-
aging thelandscapeto meet multipleresource
objectivesincludingspottedowl Foragingand
dispersalhabitat.

Managementpriority shouldfocus on
actions toalleviatethreatsto Mexicanspotted
owls; thereafter, or incoordination withalleviat-
ing threats,othermanagementpriorities (e.g.,
creatingreplacementowl habitat)shouldbe
pursued.Two primarythreatsthatshouldbe the
focusof suchmanagementpriorities are cata-
strophicwildfire andwidespreaduseof even-
aged silviculture.

Heavy accumulationsof ground andladder
fuels haverenderedmanySouthwesternforests
vulnerable tostand-replacingfires. Suchfires
representa real and immediate threatto the
existenceof spottedowl habitat.The manage-

guidelinesare intendedto provideland
managerswith flexibility to reduce thesefuel
levels andabatefire risks. Fire management
shouldbe giventhehighestpriority.

Even-agedsilviculture within potentialowl
habitatis regardedas a threatbecauseit rendsto
simplify standstructureandmovestandsaway
from containingowl habitatcharacteristics.The
Teamrecognizes, however,that such regenera-
tion cutsmayprovideuseful tools inspecial
circumstancesto managefor spottedowls and
otherecosystemobjectives.Any useof even-aged
management shouldbe donesparinglyandonly
after carefuldeliberationto ensurethatit repre-
sentsthe bestapproachto meet management
objectives.

Under proposeddelisringcriteria the owl
could be delisred within10 years, renderingthe
protectionmeasuresin this RecoveryPlan
obsolete. Atthat time, sufficient knowledge
shouldbe availableto design astrategyfor long-
term conservationof the Mexicanspottedowl.
Manyof theecosystemmanagementguidelines
providedin this Planwill providea foundation
for developmentof thelong-termstrategy.In
formulatingthe recommendations,the Team
assumesthatpopulationand habitatstatuswill
be monitoredin conjunctionwith implementa-
tion of thesemanagementguidelines.Therefore,
the managementguidelinesare not meantto
standalone.Monitoring provides objective
criteria toassessthe efficaciesof the management
guidelines.Without bothhabitatand population
monitoring,the statusof the owlcannotbe
assessedandit shouldnor be delisred. Wefurther
assumethatexistingmanagementconstraintson
vegetativemanipulations(suchas size of open-
ings andmaintenanceof hiding and thermal
cover forother species) will remainin place.This
assumptionis especiallycritical for vegetation
types--ponderosapine, pinyon-juniper,aspen,
andspruce-fir--forwhich we provideno specific
managementrecommendations.

The RecoveryPlan presents realisticgoalsfor
recoveryof the speciesandits ultimatedelisring.
The goalsare flexible in that theyrequirelocal
landmanagers tomakesite-specificdecisions.
Successof theplan,however,hingeson the
commitmentandcoordinationamongthe
various Federaland Stateland-management
agencies,sovereignIndian nations,andthe
private sector toensurethat theplan is followed
andexecutedas intendedby the Team.

Volume i/ExecutiveSummary xii
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A. RECOVERY PLANNING

TheUSD1 FishandWildlife Service (FWS)
addedthe Mexicanspottedowl to theList of
Threatened andEndangeredWildlife (50 CFR
17.11)as a threatenedspecies, effectiveon 15
April 1993. Section4(f)(l) of the Endangered
SpeciesAct of 1973, as amended(Act) (16
U.S.C. 1531), requires the Secretary ofthe
Interior (usually delegated to theDirectorof the
FWS) to “...developandimplement(recovery)
plans for theconservationof endangeredspecies
and threatenedspecies.. .unlesshe findsthat such
aplanwill norpromotethe conservationof the
species.”

To develop scientifically credible recovery
plans forlistedspecies,the EWS mayappoint
recoveryteamscomprisedof scientistsand
resourcespecialistswith expertiseeither onthe
speciesbeingconsideredor with otherrelevant
expertise.In thecaseof the Mexicanspotted
owl, the FWSappointedthe Mexican Spotted
Owl RecoveryTeam (Recovery Team).A list of
RecoveryTeammembersandtheir areasof
expertise can befoundin AppendixA. A chro-
nologyof RecoveryTeamactivitiesis providedin
AppendicesB andC.

Recoveryteamspresentrecoveryplans to the
EWS astheir recommendationon the steps
necessaryto removea speciesfrom the List of
Threatened andEndangeredWildlife andPlants.
Removal fromthelist, or “delisring,” meansthe
speciesis no longer in needof protectionunder
the Act andis thereforeconsidered“recovered.”
If deemedacceptable,the Directorof the FWS
Region assignedthe lead for that speciesap-
provestheplan.

The FWS, pursuantto requirementsunder
section4(f)(4) of the Act, publisheda Notice of
Availability of the Draft MexicanSpottedOwl
RecoveryPlan inthe FederalRegisteron March
27, 1995 (60 FR 15787).In additionto this
generalsolicitation for information andpublic
comment,the FWSsentcopiesof the draft
RecoveryPlan tonumerousFederaland State
agencies,Indian Tribes,countygovernments,
environmentalandindustrygroups,andothers
who hadexpressedinterestin the Mexican
sportedowl. Finally, specificprofessionalorgani-
zationsandindividuals wereaskedto provide

peerreviewof either the entiredocumentor
portions treatingsubjectswithin their specific
areasof expertise.A list of reviewersis provided
in Appendix E.

Recoveryplansareneitherself-implementing
nor legally binding.Rather,approvedrecovery
plans effectively constituteEWS policy on that
listedspeciesor groupof species,thereby guiding
the Servicein conductingvariousprocesses
requiredunderthe Act, suchassection 7consul-
tation,conservationplanningundersection10,
andother procedures. Inmostcases,recovery
plansare followed by otherFederal agencies in
compliancewith the mandateundersections
2(c)(1) and7(a)(l) of the Act to utilize their
authoritiesin carryingour programsfor the
conservationof endangeredand threatened
species.In addition,Stateandlocal governments
usually follow therecommendationsof recovery
plans in their speciesconservationefforts.

Section4(f)(1)(B) of theAct specifiesthe
contentsof a recoveryplan:

a descriptionof suchsite-specific
managementactionsas maybe neces-
sary toachievethe plan’s goal for the
conservationandsurvival of the
species”(IJI.B);

“(ii) objective, measurable criteriawhich,
when met, wouldresult in a
determination..,that thespeciesbe
removedfrom the list” (III.A);

“(iii) estimatesof the time requiredandthe
cost tocarryourthosemeasures
needed to achievethe plan’s goaland
to achieveintermediatestepstoward
thatgoal” (IV.C andIV.D).
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B. LISTING

TheMexican sportedowl is oneof three
sportedowl subspecies(seeII.A). Undersection
3 of theAct, the term “species” includes “...any
subspeciesof fish or wildlife...”. Althoughthe
Mexican spottedowl is asubspecies,it is some-
timesreferred toas a “species” in this document
when discussed inthecontextof the Act orother
laws andregulations.An “endangeredspecies”is
definedunder theAct as “...any specieswhich is
in dangerof becomingextinct throughoutall or
a significantportionof its range.... A threat-
enedspeciesis one“...which is likely to become
an endangeredspeciesin theforeseeablefuture
throughoutall or asignificantportion of its
range.” Section 4(A)(1) of theAct lists five
factorsthat can, either singly orcollectively,
result in listingas endangeredor threatened:

“(A) the presentor threatened destruction,
modification,or curtailmentof its
habitator range;

(B) overurilizarion forcommercial,recre-
ational, scientific, or educational
purposes;

(C) diseaseor predation;

(D) the inadequacyof existingregulatory
mechanisms;

(F.) othernaturalor man-madefactors
affecting its continuedexistence.”

The final rule listing theMexican spotted
owl as a threatenedspecies(final rule) (58 FR
14248) provides adetaileddiscussionof the
primaryfactors(A andD) leading tothedeter-
minationof threatenedstatus.It shouldbe noted
that the RecoveryTeam summarizesthefinal
rule herefor informationpurposesonly. The
RecoveryTeam’sassessmentof the current
situation withregardto thesubspecies’status
andthreatsis reflected inPartIII. The following
briefly summarizesthefactorsleadingto the
species’listing, as discussed in the finalrule:

THE PRESENT OR THREATENED
DESTRUCTION, MODIFICATION,

OR CURTAILMENT OF ITS
HABITAT OR RANGE

Past,current, andfuture timber-harvest
practices inthe SouthwesternRegion (Region3)
of theUSDA ForestService(FS)werecited as
the primaryfactorsleadingto listing the Mexi-
canspottedowl as a threatenedspecies.The final
rule statedthat the SouthwesternRegionof the
FS managedtimberprimarily undera
shelterwoodharvestregime.This harvestmethod
produceseven-aged standsratherthanthe
uneven-aged, multi-layeredstandsmostoften
usedby Mexicanspottedowls for nestingand
roosring. Inaddition,the shelterwoodsilvicul-
rural systemcalls for even-agedconditionsin
perpetuity.Thus,stands alreadychangedfrom
“suitable” to “capable”would nor be allowed to
return to a“suitable” condition; andacreage
slated forfuture harvestwill be similarly ren-
deredperpetuallyunsuitablefor Mexican spotted
owl nestingandroosring.

The final rule statedthat “...significanr
portions of spottedowl habitathavebeenlosr or
modified,” andcited Fletcher (1990) inestimat-
ing rhar420,000ha (1,037,000ac) of habitat
wereconvertedfrom “suitable” to “capable.” Of
this, about78.700, or 330,000ha (816,000ac),
was a resultof humanactivities,whereasthe
remainderwas convertednaturally,primarily by
wildfire. Accordingto thefinal rule, forest plans
in theFS Region3 allowedfor up to 950o of
commercialforest (59% of suitablespottedowl
habitat) to bemanagedundera shelterwood
system.The loss of lower- andmiddle-level
riparianhabitatplus habitatlost to recreation
developmentswerealso citedin the final ruleas
factors inhabitatloss.
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OVERUTILIZATION FOR
COMMERCIAL, RECREATIONAL,
SCIENTIFIC, OR EDUCATIONAL

PURPOSES

The final rule statedthat scientific research
hasthe greatestpotentialfor overurilizarionof
the Mexicanspottedowl, whereasbirding,
educationalfield trips, andagency “showme”

trips are likely to increaseas the owl becomes

betterknown.The effectsof theseactivities,
either chronicallyor acutely,are unknown.

INADEQUACY OF EXISTING
REGULATORY MECHANISMS

The final rule discussedvariousFederaland
State lawsandagencymanagementpolicies,
concludingthat existingregulatory mechanisms
were inadequateto protecttheMexican spotted
owl. For further discussionon extantregulatory

mechanisms,refer to PartIV.

OTHER NATURAL OR MANMADE
FACTORS AFFECTING ITS
CONTINUED EXISTENCE

DISEASE OR PREDATION

The final rule statedthatgreathornedowls
andotherraprorsarepredatorsof Mexican
spottedowls. It alsoimplied thatforest manage-
mentcreatedecorones favoredby greathorned
owls, thuscreatingan increasedlikelihood of
contactbetweenthe two species.

The final rule citedwildfires as apast and
future threatto spottedowl habitat. Thepoten-
tial for increasing maliciousandaccidental
anthropogenicharmto the specieswasalso cited

as a possiblethreat.In addition, the final rule
recognizedthe potential for thebarredowl to
expandirs rangeinto that of the Mexicanspot-

tedowl, resulting in possiblecompetitionand/or

hybridization.It wasspeculatedthat habitat

fragmentationmay encourageandhastenthis

expansion.
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C. PASTAND CURRENT MANAGEMENT

OF THE MEXICAN SPOTTED OWL
Prior to theproposedlisting of the Mexican

spottedowl, some Federal agenciesandinvolved
Stateshadconferredspecialstatus on thesubspe-
cies (e.g., State“threatened,”FS “sensitive,”
FWS “candidate”) inrecognitionof irs rarity,
habitatpreferencesandthreatsto thosehabitat
types,and/orneedof specialmanagement
considerations.This section summarizesthe
specialstatus assigned tothe subspeciesandthe
resultingconservationefforts.

FISH AND WILDLIFE SERVICE

The FWS listedthe entirespottedowl
speciesas aCategory-2 candidatein irs 6 January
1989Noticeof Review (54FR 554).Category-2
candidatesare thosespeciesthat the FWS
believesmayqualify for listing as threatenedor
endangeredbut for which insufficient informa-
tion is availableto supportthe requiredrule-
makingprocess.The northernsubspecieswas
listedas threatenedin 1990; theCalifornia and
Mexicansubspeciesremainedin Category-2
candidatestatus.

The Mexicanspottedowl was proposedfor
listing as a threatenedspecieson 4 November
1991 (56 FR56344) asa resultof a statusreview
promptedby a petition to list the subspecies.
Following publicationof thelisting proposal,the
FWS attemptedto develop aconservation
agreementwith involved Federal agencies to
conservethe Mexicanspottedowl. This effort
was unsuccessful, sothe final rule was published
on 16 March 1993 (58 CFR14248).Critical
habitatwas nor determinableat the timeof
listing.

Since thelisting of the subspecies,theFWS
hasbeenconductingthe processesassociated
with listedspeciesunder the Act, suchas section
7 consultationon Federal actionsthatmayaffect
the subspecies, issuanceof researchpermits
underSection10, andrecoveryplanningunder
section 4,including funding of severalresearch
projects.

Two petitionsto delist thespecieshavebeen
reviewedby the FWS. In bothcases,delisring
was determinedto be “norwarranted”because

the petitionsfailed to presentsubstantialscien-
tific andcommercialinformationto support
their assertionthat thespeciesshouldbe
delisred.Noticesof thosefindings,including
discussionsof the issuesraisedin the petitions,
werepublishedin theFederal Registeron 23
September1993 (58 FR49467) and 1 April
1994 (59 FR15361).

The EWS proposedcritical habitatfor the
Mexicanspottedowl on 7 December1994 (59
FR63162), andpublishedthefinal critical
habitatrule on 6 June1995 (60 FR29914).
Sincethat rime, the FWS hasbeenin consulta-
tion with actionagencies on theeffectsof
proposedandongoingactions on criticalhabitat.

FOREST SERVICE

The primaryadministratorof lands support-
ing Mexicanspottedowls in the UnitedStatesis
the FS.Most spottedowls have beenfound
within FS Region3 (including 11 National
Forests in ArizonaandNewMexico). The Rocky
Mountain(Region 2,including two National
Forestsin Colorado)and Inrermounrain(Region
4, including three NationalForestsin Utah)
Regionssupportfewer spottedowls.

Forest Service SouthwesternRegion
(Region 3)

Prior to the listingof the Mexicanspotted
owl, FS Region3 issueddetailedguidelines for
its management.Thoseguidelineswere issuedas
Interim DirectiveNumber1 (ID No. 1) in June
1989, thenrevisedandreissuedas ID No. 2
approximatelyoneyearlater. AlthoughID No. 2
expiredin December 1991,FS Region 3 has
continuedmanagingunderthoseguidelines.

Interim DirectiveNumber2 guidelines
requiredestablishingmanagementterritories
aroundall nestingand roosringspottedowls, as
well asterritorial owlsdetectedat night for
which daytimelocationswere norrecorded.All
managementterritoriesexcept those onthe
Lincoln andGila NationalForestshada 182-ha
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(450 ac) core areasurroundedby 627ha (1,550
ac) of the “best available” habitat,extendingthe
area to 809 ha(2,000 ac) per management
territory.On the Lincoln andGila National
Forests,the 182-ha(450 ac) coreswere aug-
mentedby an additional425ha (1,050ac) of
habitat,for a total managementterritory size of
607ha (1,500ac).

Except forroad construction,habitatdegra-
dationwas nor allowedwithin management
territory cores.In the remainderof themanage-
ment territory managementactivities, including
timberharvest,were limited to 209-314 ha
(516-775 ac). The FS guidelinesprovidedno
protectionfor unoccupiedhabitatexcept in
wildernessareasandadministrativelyrestricted
lands.

The FS Region3 hasbeenin theprocessof
amendingforest plansthrough theNational
EnvironmentalPolicy Act (NEPA) process to
incorporatethe managementrecommendations
containedin this Recovery Plan.The Recovery
Teamcommendsthat effort.

Forest Service Rocky Mountain Region
(Region 2)

Region2 of the FS formeda task force in
1992 to begindevelopingmanagementguide-
lines for theMexicanspottedowl. Theseman-
agementguidelinesarestill in draft formand
havenor beenformally approvedandadoptedby
FS Region 2.However,managementactivities
continueto beexaminedon acase-by-case basis,
andID No. 2 maybe usedas a generalguideline.

Forest Service Intermountain Region
(Region 4)

Prior to the listing of theMexican spotted
owl, biologistsfrom FS Region4 andUtah’s
otherlandandwildlife managementagencies,
plus owl researchers,formedthe Utah Mexican
SpottedOwl Working Group (Working Group).
TheWorking Group meetsannuallyto identify
andaddressissuespertainingto the management
andconservationof Mexican spottedowls in
Utah (Kate Grandison,FS,CedarCity, UT, pers.
comm.).The Utah MexicanSpottedOwl
Technical Team(TechnicalTeam) was formedby

theWorking Group to focus onspottedowl
issuessuchas (1) potentialimpacts toMexican
spottedowls in southernUtah; (2) current
researchand future research needsandpriorities;
(3) inventoryandmonitoringprotocols; (4)
managementsuggestions suitable forapplication
by all land managementagenciesin southern
Utah; and (5) disseminationof information
from the Working GroupandTechnicalTeamto
managementandadministrativelevels. The goals
of theTechnical Team,which is composedof
biologistsfrom the FWS, FS, USD1Bureauof
LandManagement(BLM), USD1NationalPark
Service(NPS),Utah Division of Wildlife Re-
sources(UDWR), anda researcher/technical
consultant,are to providelandandwildlife
managerswith the informationnecessary to
ensurethe protectionof Mexicanspottedowls
andto suggeststrategies formanagingspotted
owl habitatin Utah.

TheTechnicalTeamdeveloped“Suggestions
for Managementof the MexicanSpottedOwl in
Utah.” These suggestions weresentto line
officers for approval on5 August 1994.Manage-
ment territorieson the Manri-LaSal National
Forestwere establishedusingthese suggestions,
althoughID No. 2 hasalsobeenadoptedby
Region4. InterimDirective No. 2was modified
in March 1994 inRegion4 to change the survey
protocolto includeonly potential breeding
habitatin canyonareasbelow 2,590m (8,500
fr).

Accordingto the suggestions,management
rerrirotysize shouldbe 1,330ha (3,350ac) with
355-ha(875 ac) coreareasof canyonhabitat.In
addition,a 0.8-km(0.5 mi) protectionarea
centeredon the nestsitewas establishedto
protectthe neststandandsurroundingareas.
Habitatdegradationis nor allowed intheman-
agementterritory areas.A “potential dispersal
are&’ extends58 km (35.8mi) beyondthe
perimeterof the managementterritory.This area
can be used fortimberharvest,but post-harvest
conditionsmust meeta reasonable facsimileof
the 50-11-40 dispersal ruledevelopedby Tho-
mas eral. (1990). ForestServiceRegion4
continuesto manageunder ID No. 2, with the
abovemodifications,exceptwhere supersededby
the “Suggestionsfor Managementof Mexican
SpottedOwls in Utah.”
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OTHER FEDERAL AGENCIES

National Park Service

SeveralNPS-adminisreredunits areknown
to supportMexican sportedowls, including
Zion, Capitol Reef,andCanyonlandsNational
Parksplus Glen CanyonNationalRecreation
Area in Utah; MesaVerde NationalMonument
in Colorado;GrandCanyonNationalPark plus
Saguaro,Walnut Canyon,and Chiricahua
NationalMonumentsin Arizona; Bandelier
NationalMonumentin New Mexico; and
Guadalupe MountainsNationalPark inTexas.

The NationalParkServiceOrganicAct
protectsall wildlife on NationalParksand
Monuments.However,no specificmanagement
guidelinesare in place for Mexicanspottedowls,
andthe effectivenessof applyinggenerallaws
andpolicies for spottedowls is difficult to
evaluate.

Bureau of Land Management

The BLM has developedmanagement
policiesspecificallyfor the Mexicanspottedowl
in ColoradoandNew Mexico. The Colorado
guidelines statethat “...in areaswith a confirmed
nestor roostsite, surfacemanagementactivities
will be limited andwill be determinedon acase-
by-casebasisto allowas much flexibility as
possibleoutsideof the core area.”The BLM in
Coloradohasmanagementguidelines for oiland
gasdevelopmentwhereMexican spottedowls are
knownto occur. No surfaceoccupancyis al-
lowedwithin 0.4 km (0.25mi) of a nest or roost
sire,and restrictionson otherassociatedactivities
applybetween1 Februaryand31 July. Spotted
owl managementpolicy by the BLM in New
Mexico establishesandpreservescoresof habitat
whereverthe owl is found. The BLM determines
thesize of the coreson acase-by-case basis.

The BLM in Coloradofollows the survey
techniquesof the FS Region3 sportedowl
protocol. Managementterritorieshavenot been
designatedfor knownbirds. Surveysarecon-
ductedin areasof potentialhabitatwhere
projectsare plannedthatmaybe in conflict with
sportedowl management.

The BLM in Utah has nospecific internal
guidelines onmanagementpracticesfor Mexican
sportedowls. However,agencypersonneldid
participatein producing“Suggestionsfor the
Managementof Mexican SpottedOwls in
Utah.” The BLM will incorporatemanagement
prescriptionsfor theMexicanspottedowl andits
potentialhabitat intoresourcemanagement
plansastheyare updatedover thenextseveral
years.

The BLM in Arizona has nospecificguide-
lines formanagingMexican sportedowls.
However,the standardBLM procedurefor
assessingimpactson threatenedor endangered
specieswill be followed forprojectsproposedin
spottedowl habitat.Guidelinesfor protecting
theowl or irs habitatwould thenbe developed
on asite-specificbasis (Ted Corderey,BLM,
EndangeredSpeciesCoordinator,Phoenix
Office, pets.comm.).

Department of Defense

The Fort HuachucaMilitary Reservation
(Post) in southeasternArizona is theonly mili-
tary land knownto supportnesting Mexican
spottedowls. On the Post,military activity in
spottedowl habitatis generallyconfinedto
variousfoot maneuvers,althoughtheArmy is
consideringexpandingsometank maneuvers
into higherelevationswherethe owl occurs
(SheridanStone,Fort HuachucaMilitary Reser-
vation, pers. comm.). Onespottedowl site has
beenpopularwith birdersfor a numberof years,
but theeffect of this activity is unknown.The
Army alsoconsiderswildfire to beapotential
threatandassessesthe possibilityof wildfire
ignition whendesigningmilitary activities on
thePost.

Wintering Mexicanspottedowls havebeen
foundon Fort Carson,near ColoradoSprings,
Colorado,andbreedingowls arepresenton the
FremontMilitary OperatingArea, which in-
cludesFS andBLM landsdesignatedfor con-
ductingmiliraty maneuvers.Finally, low-level
military air operationsin someareashavebeen
identified as actionsthatmayaffectMexican
spottedowls. Suchoperationsarelikely to
increasein the nextseveralyears,andtheDe-
partmentof Defenseis currentlyfunding studies
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of theeffects of these activities onspottedowls
(M. HildegardReiser,HolomanAir ForceBase,
pets. comm.).

STATES

Arizona

The Mexicanspottedowl is listedas “threat-
ened” onthe list of “ThreatenedNative Wildlife
in Arizona” (ArizonaGameandFishDepart-
ment1988).The Arizona GameandFish
Departmenthasauthorityto managewildlife
under provisionsof ArizonaRevisedStatute17,
the goalof which is to maintainState’snatural
biotic diversityby listing and protectingthreat-
enedandendangeredspecies.“Threatened”
speciesis definedas “...thosespeciesor subspe-
cies whosecontinuedpresence in Arizonacould
be in jeopardyin the nearfuture. Seriousthreats
havebeenidentifiedand populationsare (a)
lower than theywerehistorically or (b) extremely
local andsmall.”

Threatenedstatusprovidesno specialprotec-
tion to species,althoughit doesprovide a
mechanismthroughwhich the state can allocate
Heritage Programgrantsto fund research for
speciallydesignatedspecies.However,general
Arizona wildlife rulesmakeit unlawful”...unless
otherwiseprescribed.. .for a personto.. .rake,
possess,transport,buy, sell or offer or exposefor
salewildlife, exceptasexpresslypermitted

New Mexico

The Stateof New Mexico confers nospecial
status onspottedowls. However,New Mexico
Statute 17-2-14makes it unlawful “...for any
personto rake,possess,trap or ensnare, or inany
mannerto injure, maim or destroy birdsof the
order Strigiformes.” However,permitsmaybe
obtainedto take owls for purposesof Indian
religion,scientific study, or falconry. In addition,
personswho commerciallyraisepoultry or game
birds maylegally kill anyowl thathas killedtheir
stock.

Colorado

The Mexicanspottedowl was listedas
threatenedby theColoradoDivision of Wildlife
(CDOW) in 1993.“Threatened”wildlife is
definedas “...any speciesor subspeciesof wildlife
which, as determinedby theColoradoWildlife
Commission,is nor in immediatejeopardyof
extinction but is vulnerable because itexists in
such smallnumbersor is soextremely restricted
throughoutall or asignificantportionof its
rangethat it maybecomeendangered.”Threat-
enedstatusprotectswildlife speciesby making
it unlawful “...for anyperson to rake,possess,
transport,export,process,sell or offer for
sale...anyspeciesor subspeciesof [threatened]
wildlife In addition,the CDOW is legisla-
tive1)’ mandatedto “...esrablish suchprograms
includingacquisitionof land...asaredeemed
necessaryfor managementof.. .rhreatened
species.” An interagencyxvorkinggroup
coordinatesspottedowl inventoriesthroughout
Colorado.

Utah

The UDWR includedtheMexicanspotted
owl as asensitive specieson irs 1987Native Utah
Wildlife Speciesof SpecialConcernlist (UDWR
1987). “Sensitive” wildlife is definedas
wildlife specieswhich, althoughstill occurringin
numbersadequatefor survival, whosepopulation
hasbeengreatly depleted,is decliningin num-
bers, distribution, and/orhabitat(51); or occurs
in limited areasand/ornumbersdueto are-
strictedor specializedhabitat(S2).” A manage-
mentprogram,including protectionor enhance-
ment, is needed for thesesensitive species.

Theowl’s statuswas elevated to“Threat-
ened” in thereviseddraft list in 1992 (UDWR
1992).Accordingto UDWR definition, “threat-
ened”speciesinclude “...anywildlife species,
subspecies,or population whichis likely to
becomean endangeredspecieswithin the fore-
seeablefuture throughoutall or asignificant
portion of irs range inUtah or theworld.”

Both sensitiveand threatenedspecies receive
“protected” statusunderUtah’swildlife codes.
Forspeciesunder protectedstatus,“... [A] person
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maynorrake...prorecredwildlife or their parts;
an occupiednestof protectedwildlife; or an
eggof protectedwildlife.” Nor maya person
...rransporr,...sell or purchase...or possess

protectedwildlife or their parts.

Texas

Few Mexicanspottedowls aredocumented
for Texas,andmostof the locationrecords are in
GuadalupeNationalPark.Thus,the Stateof
Texashas nospottedowl program. However,
TexasParksandWildlife Code Section64.002
providesprotectionfor nongamebirds by
prohibitingkilling, trapping,transportation,
possessionof parts,andthelike. Destructionof
eggsandnestsof nongamebirds is also prohib-
ited.

TRIBES

Tribal beliefsandphilosophiesguide re-
sourcemanagementon Tribal lands.Several
Tribes considerowls a badomen;however,Tribal
beliefsalsodictatethat all living creaturesare
essentialpartsof natureand,as such,theyare
reveredandprotected.For example,the Elders
Councilof SanCarlosApache Tribeexpressed
the traditionalview thatowls andtheirhomes
shouldnor bedisturbed.

Mexicanspottedowl habitator potential
habitatexistson 10 Indian reservations inthe
Southwest.Eight of theTribes haveconducted
sportedowl surveys,andfive Tribes havelocated
spottedowls on their lands.Two otherTribes
havehistoricalspottedowl records.

Reservationswereestablishedfor the benefit
of theTribes andtheir members. Tribal landsare
heldin trust by the FederalGovernment.They
are notconsidered publiclands orpartof the
public domain.Tribes aresovereigngovernments
with managementauthorityoverwildlife and
otherTribal landresources.ManyTribes main-
tain professionally staffed wildlifeand natural
resourcesmanagementprogramsto ensure
prudentmanagementand protectionof tribal
resources,including threatened andendangered
species.

The FWS is awareof spottedowl conserva-
tion efforts on five Indian reservations:the
Mescalero Apache, Fort Apache, San Carlos
Apache,Jicarilla Apache,andNavajoNation.

MescaleroApacheTribe

The Mescalero Apache Tribe inNew Mexico
actively managestheir forest while managingfor
all federally listed orproposedthreatenedor
endangeredspeciesthatmayexist onthe reserva-
tion, includingthe Mexicanspottedowl. This is
accomplishedthroughdevelopingstrategiesfor
identifyingandmanaginghabitat determinedby
theTribe to be necessary toensureprotection.
The Mescalero hasbeen working withthe FWS
in developmentof a conservationstrategyfor the
subspecieson reservationlands.

White Mountain Apache Tribe

TheTribe recently developed aconservation
planfor Mexicanspottedowls on the reserva-
tion. Areascontainingspottedowls areplacedin
oneof two land-managementcategories,termed
DesignatedManagementAreas (DMAs).Areas
supporting“clusters” of four or more territories
are considered“Category-i” DMAs. In these
areas,spottedowl habitatconcerns driveman-
agementprescriptions;timberharvestis a
secondaryobjective.Category-i DMAs range
from about2,430-4,050ha (6,000-10,000ac),
andcontain570o of knownsportedowl sites on
the reservation.

“Category-2”DMAs includeareassupport-
ing 1-3 owl territories.Habitatoutsidethe
territoriesis managed onlysecondarilyfor
sportedowls, with otherresource objectives
given priority. No timberharvestis allowed in
30-ha(75 ac) patchesaroundowl activity cen-
ters.A seasonalrestrictionon potentiallydisturb-
ing activitiesis providedin a 202-ha(500 ac)
area,andtimberprescriptions withinthis area
should bedesignedto improvehabitat integrity.

TheTribe continuesto surveytheir lands for
spottedowls. If moreowl sites aredetected,
Category-I andCaregory-2DMAs maybe
establisheduponapprovalby the TribalCouncil.
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San Carlos ApacheTribe

Sportedowl surveyson the SanCarlos
ApacheReservationhavebeenconductedac-
cordingto the FS Region 3MexicanSpotted
Owl InventoryProtocol.Mexicanspottedowl
habitathasbeenidentified anddelineated
throughoutthereservation.A joint Tribal/
Bureauof Indian Affairs interdisciplinaryteam
evaluateseffectsof actions onspottedowls. Any
potentialimpacton spottedowls or owl habitat
is deferreduntil compliancewith theAct and
associatedregulationsis attained.

Preliminarydiscussionsbetweenthe San
Carlos Apacheandthe FWS havetakenplace
regardingdevelopmentof specificspottedowl
managementguidelines.Approximately90% of
tribally identified nesting,roosring,and foraging
habitatsare on landsinoperablefor timber
harvestandthereforeare nor in the commercial
timberbase.

Jicarilla Apache Tribe

The Jicarilla Apache Tribe has developed a
spottedowl conservationplan, approvedby the
Jicarilla TribalCouncilandacceptedby the
FWS.No residentowls havebeen detectedto
date onthe reservation;however,in the event
residentowls aredetected,theTribe haspro-
posedto designatea405-ha(1,000ac) manage-
ment territory.Uneven-agedtimber manage-
ment will be allowed tocontinuein all but 40 ha
(100 ac) of theterritory. In the absenceof
confirmedresidentowls, all mixed-coniferstands
of 10 ha (25ac) or greaterare treatedas roost-
ing/nestingsites,andtimberharvestwill not be
allowed.A seasonalrestrictionaround anyactive
nestsiresthatare foundis also proposed.

Navajo Nation

Mexicanspottedowl managementon the
NavajoNation, andparticularlyon the Navajo
NationCommercialForest,currentlyadheres to
FS Region3’s ID No. 2.The FS Region3
MexicanSpottedOwl InventoryProtocolis
followed for all timbersaleson thecommercial
forestandfor anyprojector disturbance,on or

off the commercialforest, thatmayimpact
sportedowls.The currentNavajospottedowl
inventory programis limited to areaswhere
timbersalesor otherprojectsareplanned.

TheNavajoNation is developinga multi-
speciesconservationplan, includingmanage-
ment guidelines forspottedowl conservation,in
conjunctionwith their 10-yearplanfor manag-
ing commercialforest.Uponcompletionof the
multi-species conservationplan,the Navajo
Nationmayapply to theFWS for a section
l0(a)(1)(B) permit,whichwill allow limited
incidentaltake tooccurprovidedan adequate
habitatconservationplan is implemented.

MEXICO

TheMexicanspottedowl is listedasa
threatenedspeciesunderMexico’s Official
Mexican Norm (NOM) (NOM-059-ECOL-
1994).Threatenedspeciesare definedas those
which couldfacedangerof extinction if the
conditionsthatcausedeteriorationor modifica-
tion of their habitats,or declineof their popula-
tions, prevail.

SpecieslistedunderNOM are afforded
certainprotections:

1. Possession,use,or derivationof profit
from live wildlife or plants,whether
originatingin captivity or in thewild, are
prohibited.

2. Use andexploitationof thehabitatsof
listedspeciesareprohibitedin some
States.

Some useof threatenedspeciesis allowed for
scientificand recoverypurposes.Forexample,
specimensand their parts,products,andby-
productscan be removedfrom their natural
environmentfor scientific purposesunder
permits issuedby legalauthorities,with the
understandingthatspecimens ortheir parts
cannotbe used forcommercial purposes.In
addition,specimenscan beremovedfrom the
wild for the purposeof captivebreedingupon
approvalof theMexicangovernment.

Under NOM, recovery plans havebeen
preparedfor seaturtlesandthemonarchbutter-
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fly. The Governmentandotherinstitutionshave
shown interestin the conservationof other
speciessuchas manarees,yellow-headedparrots,
andMexicansportedowls, but currentlyno
recoveryplans are in place for thesespecies.

Social, economic,andpolitical systems differ
in Mexico from those intheU.S. Concomi-
tantly, landownershippatternsdiffer andinflu-
encenaturalresourcemanagement.Mexican
landsareclassifiedinto threetypesof tenancy:

1. Federal landsincludeall lands adminis-
reredunder FederalGovernmentinstitu-
tions. Federal landsincludeprotected
naturalareassuchas Reservesof the
Biosphere,NationalParks,andAreasof
Protectionof NaturalResources.Pro-
tectednaturalareascomprise3% of the
total areaof Mexico’s five recovery units.

VolunieI/Part I

2. Ejidal lands areallottedby the Mexican
Governmentto apersonor community
for agriculture,forestry,mining, and
otheruses.Thus,landswithin ejidos are
intensivelymanagedfor natural resource
use.Ejidos compriseapproximately
17.5%of the areawithin the Mexican
recoveryunits.

3. Privatelandsare possessedundera
“certificateof inaffecrability.” Any
protectionafforded these landsis at the
discretionof the landowner.Approxi-
mately79.5%of the Mexicanrecovery
units is comprisedof privateland.
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D. CONSIDERATIONS IN
RECOVERY PLAN DEVELOPMENT

This section describes variousconsider-
ations,otherthanthe basicbiology of the
Mexicansportedowl, that were integralin
developmentof this Recovery Plan.

RECOVERY UNITS

The Mexicanspottedowl is a widespread
subspeciesthatoccurs in a wide varietyof
habitats(seePartII). In addition, thethreats
facedby the subspecies,themanagementre-
gimesemployedby various agenciesand in each
country,andthe protectivemechanismsavailable
in different portionsof the subspecies’range are
variable. Finally, spottedowl densities, food
habits,degreeof isolation, andotheraspectsof
the subspecies’biology differ somewhatamong
portions of irs range.For these reasons,the
RecoveryTeampartitionedthe Mexicanspotted
owl rangeinto distinctrecoveryunits. Six
recoveryunitsweredesignatedin theUnited
States:ColoradoPlateau,SouthernRocky
Mountains- Colorado,SouthernRockyMoun-
tains -New Mexico, UpperGila Mountains,
BasinandRange- West, andBasin andRange-

East(Figs. JI.B.l and II.B.3—II.B.8). Five recov-
ery unitswere establishedin Mexico: Sierra
MadreOccidental- Norre,SierraMadreOcci-
dental- Sur, SierraMadre Oriental - Norre,
SierraMadreOriental - Sur, andEje
Neovolcanico(Figs. JI.B.2). For acomplete
descriptionof the recoveryunitsandthe bases
for their designationsee LI.B.

Whereassomemanagementrecommenda-
tionsapply tothe subspeciesrangewide,delin-
eatingrecovery units allowedspecific recommen-
dationsto beprioritizedappropriatelywithin
eachportionof the subspecies’range. Inaddi-
tion, some criteria fordelisringthe subspecies
applyat the recovery-unitlevel.This approach
allows delisringof theMexicanspottedowl by
recoveryunit whencertainrangewidepopulation
and habitatcriteria aremet andwhenregional
managementplans orothersufficient regulatory
mechanismsareimplemented.

THE CURRENT SITUATION

In developingthis Recovery Plan,theRecov-
eryTeam consideredvarious aspectsof the
currentsportedowl population, habitat, and
threats.Two salientpointsemerged.First, the
RecoveryTeam assumesthatthe currentpopula-
tion size anddistributionareadequatefor
providinga referencepoint for assessingfuture
changes inthepopulation,since noundispurable
evidenceis availableindicating that the popula-
tion is decliningor is significantly belowhistori-
cal levels.This is a critical assumptionthatmust
betestedthroughthe populationmonitoring
requiredby this RecoveryPlan. If themonitor-
ing data demonstratethatthe populationis
stable or increasing,theassumptionof adequate
populationsize will be validated.Conversely,if
monitoringdata show a decreasingpopulation,
the situationwill needto bereexaminedand
correctivemeasuresmustbe developed.Thus,
thepopulation andhabitatmonitoringrequire-
mentsareessentialpartsof this RecoveryPlan; if
thesemonitoringefforts arenor conducted,the
managementrecommendationsprovidedherein
cannotstandalone.

A second considerationinvolvesvariations in
bothspottedowl densitiesandthreatsfaced
throughoutthesubspecies’ range.Spottedowl
densitiesare greatest in thecenterof thesubspe-
cies rangeandtheydecreasetowardthe range
peripheryIn addition, themain threatsidenti-
fied during thelisting process were forestry
practicesandwildfire risk, both ofwhich vary
acrossthe subspecies’ range. TableI.D. 1. illus-
tratesthe RecoveryTeam’sappraisal.

The Upper GilaMountains,Basin and
Range - West,andBasin andRange- East
RecoveryUnits havesignificantowl populations
with the potentialof beingseriouslyimpactedby
fire and/or forestry practices(TableI.D. 1). This
conclusiondoesnor imply thatthe otherrecov-
ery units arenor important,but leadsto the
recommendationsthat (1) recoveryefforts
concentrateon recoveryunits with thehighest
owl populations andwheresignificantthreats
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Table I.D. 1. Summaryof relative Mexicanspottedowl populationsize, timberharvestthreat,and
fire threatby U.S. RecoveryUnit.

RecoveryUnit Population

Threat Significance

Fire Timber

ColoradoPlateau low moderate low
SouthernRockyMtns-CO low high low
SouthernRockyMrns-NM low high high
UpperGila Mountains high high high
Basin andRange - West high high low
Basin andRange -East high high high

exist; (2) managementwithin recoveryunits
shouldemphasize alleviating the greatest threats;
and (3) themanagementrecommendationsin
PartIII shouldbe tailoredto theowl population
and thethreatsexisting inthe specificareaunder
analysis.

The RecoveryTeambelievesthe risk of
extirpationof Mexican spottedowls under the
near-term managementrecommendationsis low.
This beliefis based on twopoints:

1. Implementationof the management
recommendationswithin this Recovery
Plan (seePartIII) will protectoccupied
habitat, protectotherhabitatthat can
presumablybe occupiedin thenear
future, andallow for “replacement”
habitatto developandbe sustainedon
thelandscape.Habitatmonitoringas
requiredby thisRecoveryPlan should
providedataon habitattrendsthrough-
out RecoveryPlanduration.

2. The populationwill be monitoredover

the life of the RecoveryPlan,thus
providinginsightas to whetherthe
current“baseline”populationis suffi-
cient to maintain thesubspeciesover
time andtestingthe assumptionthat
the “baseline” populationis adequate.
The RecoveryTeam didnot makethe
assumptionthat the“baseline” popula-
tion is adequatelightly, but reasoned
that theMexican spottedowl is well
distributedthroughoutits historical
range, suggestingthatno significant
extirpationshave occurred.
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RECOVERY PLAN DURATION

Any management plan mustspecify thetime
periodover which the plan is to be imple-
mented.The RecoveryTeamdecidedthata 10-
yearperiod is appropriatefor the Mexican
SpottedOwl RecoveryPlan (assumingthe
delistingcriteria specified inIII.A are met) for
severalreasons:

1. Ten years allowsadequatetime to moni-
tor the trendsin population andhabitat.
The chargeof the RecoveryTeamwas
to develop aplanthatwould lead to
recoveryof thesubspecies.In developing
the delistingcriteria specified in III.A,
the RecoveryTeam reasonedthat the
populationmustbe stable or increasing
beforethe subspeciescould be consid-
eredfor delisting.The Recovery Team
further determined thata monitoring
periodof 10 yearswould provide infor-
mationaboutpopulation trendsthat
could be usedwith a reasonablyhigh
level of confidence.The five-yearmoni-
toring period the Act requires after a
speciesis delistedwill further increase
confidencein trendinformation.

2. A 10-yearperiod shouldbesufficient
time to fill someof the majorgapsin
existingknowledge,andaccommodate
possiblechanges infuture conditions.
Manyaspectsof Mexicanspottedowl
biology remainunknownor poorly
understood.Consequently,the effects of
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different resource-managementpractices
on the fitnessof individualsandon
populationpersistenceremainunclear. A
betterunderstandingof theserelation-
shipsis neededbefore a viablelong-term
management plancan bedeveloped.
Implementingthe RecoveryPlanin-
cludesconductingthe researchactivities
recommendedin ILI.D; if these studies
arestartedimmediately,10 yearsshould
be adequateto completethe majorityof
them.

3. Uncertaintyaboutthe future could
renderthisRecoveryPlaninadequate,
unacceptable,or otherwiseobsolete.
Futureeventsanddevelopmentscould
havesocial,economic,environmental,
andotherramificationsthatcannotbe
predicted.To try to planbeyondthenext
decade orso would require anunjustified
confidencein our ability to predictthe
stateof our society andthe environment.

4. Consistencywith the requirementsof the
Act. The Actrequiresthat the statusof
listedspeciesbe reviewedeveryfive years.
This RecoveryPlanconstitutesan in—
depthstatus reviewof theMexican
sportedowl, so a formal status review
shouldbe conductedin yearsfive and10
of RecoveryPlanimplementation.
Unlessnewinformationor otherdevel-
opmentsrenderthis RecoveryPlan
obsoletein the interim, the 10-year
point shouldmark theendof this
RecoveryPlan andimplementationof a
longer-termmanagementstrategy.

Severalreviewersof the draft versionof this
Recovery Planpointedout thatthis relatively
short RecoveryPlandurationfails to takeinto
accountthe long-termprocessesthathave
influencedandwill continueto influence
dynamicecosystems.The RecoveryTeam be-
lieves,however,that themanagementrecom-
mended forthe next few yearswas developed
with considerationof thelong- and short-term
effectsof thesenear-term managementrecom-
mendations.
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Basedon the foregoingpoints,the Recovery
Teamrecommendsa RecoveryPlandurationof
10 yearsunlessdataindicatethat earlier revision
is appropriate,or thatthe applicablerecommen-
dationsbe continuedbeyondthat time. The
monitoringand research to beconductedduring
the life of the RecoveryPlanwill resolvemuch
uncertaintysurroundingtheMexicanspotted
owl. The uncertaintyaboutthe future can never
be resolved,but a betterunderstandingof
Mexicanspottedowl naturalhistorywill en-
hanceour ability to create along-termmanage-
mentplan.

CONSERVATION PLANS
FOR OTHER SPOTTED OWL

SUBSPECIES

Severalconservationstrategies have been
developedfor the otherspottedowl subspecies.
Perhapsthe bestknownsubspeciesis thenorth-
ern spottedowl of the Pacific Northwest and
northwesternCalifornia.The northernsubspe-
cies was listedas threatenedin June1990,
resultingin extensiveconflict betweenconserva-
tion of the subspeciesandeconomicandsocial
interestsof the Pacific Northwest, particularly
the timberindustry.

The first managementstrategywas initiated
by the FS in thelate 1970s.That approach,
which continuedwithin someportions of the
subspecies’rangeuntil 1990,was to manage
individual spottedowl territories,called Spotted
Owl HabitatAreas(SOHAs), or, earlier,Spotted
Owl ManagementAreas.EachSOHA consisted
of certainacreagesthatvariedaccordingto
location.Thoseterritorieswereestablished
accordingto certainclusteringandspacing
guidelines,andthe generalprescriptionfor the
territorieswas to restricttimberharvestso thata
minimum suitablehabitat” acreagestandardwas
maintainedin the territories.However, in certain
circumstancessomeharvestwas allowed, suchas
salvageharvest.

In 1989,in response to increasingcontro-
versy over thespottedowl issue,thedifficulty
theissuewas causingland-managementagencies,
andthe proposedlisting of the northernspotted
owl as athreatenedspecies,the Interagency
Scientific Committee(ISC) was established.The
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ISC produced“A ConservationStrategy forthe
NorthernSportedOwl” (Thomaser al. 1990),
which recommendedsignificantchanges in
spottedowl managementon public lands in the
Pacific Northwest.Briefly, the ISCdelineated
large blocksof owl habitat,called Habitat
ConservationAreas (HCAs). The goalwas to
delineate,wherepossible,HCAs knownto
supportor with thepotentialto supportat least
20 spottedowl pairs. However,where20-pair
HCAswerenor possible,HCAs of 1 to 19 pairs
weredelineated.The HCAs were spacedcertain
distancesfrom oneanother,dependingon their
sizes.The HCAswere to bemanagedso that no
habitat degradationoccurredwithin them,
protectingexistinghabitat andallowing previ-
ouslydisturbedareasto return to a suitable
condition.The ISC envisionedeventualHCAs
whereowl pairscould freely interactwithout
significantdisruptionof habitat continuity
betweenterritories.

In addition, theISC recommendedmanag-
ing the areasbetween HCAs,termedthe “forest
matrix,” accordingto the“50-11-40 rule.” This
rule prescribedthatat least50% of the forested
areawithin eachquarter-townshipwas to con-
tain trees averaging aminimum of 28 cm (11 in)
in diameterandwith at least40% crownclosure.
The ideawas that theseconditionswould allow
movementof owls between HCAs, thereby
allowing geneticflow anddemographicrescueof
subpopularions.The ISC also recommended
retentionof 28-ha(70-acre)areaswithin the
forest matrix to possibly providefuture nesring/
roostingsites.

In 1991, theSecretaryof the Interiorap-
pointedtheNorthernSpottedOwl Recovery
Teamandchargedit with developinga recovery
planfor that subspecies.That recoveryplanwas
closelymodeledafter the ISCplan.The HCA
networkwas modifiedbasedon updatedinfor-
mation, resultingin anetworkof Designated
ConservationAreas (DCAs). Timber harvestin
DCAswas generallynorallowed in suitable
habitat.Silvicultural treatmentsdesigned to
encouragespottedowl habitatwere limited to no
morethan5% of aDCA in thefirst five yearsof
plan implementation. Managementrecommen-
dationsfor areasoutsideDCAs deviatedfrom
theISC approachby providinggreaterjusrifica-

non for specific recommendationsandconsider-
ation of economicefficiencyof implementation.

The NorthernSpottedOwl RecoveryPlan
was neverimplemented.Instead,themostrecent
management strategyfor the northernspotted
owl resultedfrom analysesandrecommendations
formulatedby the Forest EcosystemManage-
mentAssessment Team (FEMAT).The FEMAT
was appointedby PresidentClinton to develop
alternative plansfor managementof late-succes-
sional ecosystemcomponentsincluding, but nor
specific to, the northernspottedowl. Only
Federallandmanagementwasaddressed inthe
FEMAT alternatives.

The Presidentselected“Option 9” developed
by theFEMAT, which calls for a seriesof Late
SuccessionalReserves(LSRs) corresponding
roughly to the HCAs under theISC plan.
Outsidethe LSRs, the forestmatrix includes
RiparianReserves (varioussizedbuffersalong
class 1-3 streams);green-treeretentionrequire-
ments(where15% of eachwatershedis managed
for late successional forestandat least 1 50/o of
eachharvestunit is retainedin the latestsucces-
sional forest available);andpreservationof 40 ha
(100 ac) aroundall owl sitesknown as of 1
January1994.The goalof this matrix prescrip-
tion is to accommodatedispersingand“floater”
owls, aswell as otherspeciesdependenton old
and matureforest conditions.

The FEMAT planalso establishes Adaptive
ManagementAreas (AMAs) in California,
Oregon,andWashington.These AMAs vary
from less than40,500ha (100,000ac) to nearly
200,000ha (500,000ac). Themanagement
objectives foreachAMA alsovary, but theyare
generally establishedto developandtest tech-
niquesfor active forestmanagementthatprovide
a wide rangeof resourcevaluesincluding forest
products,late-successional foresthabitat, and
high-qualityrecreation.

The rangeof the California spottedowl
abutstherangeof the northernsubspeciesin
northeasternCalifornia, rangingsouththrough
the SierraNevada, westthroughthe “transverse
ranges”of SouthernCalifornia, thennorth along
the Coast Range toMontereyCounty. The
Californiasportedowl was first managedby the
FS usingtheSOHA systemdescribedfor the
northernsubspecies.The portionof thesubspe-
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des’ range inSouthernCaliforniais still man-
agedunderthatsystemwhile its effectivenessis
assessed.However, the currentmanagement
regime in theSierraNevadais described inthe
“Assessmentof the CurrentStatusof theCalifor-
niaSpottedOwl, xvirh Recommendationsfor
Management”(Caspow Plan)(Verneret al.
1992b).The FS implementedthe CaspowPlan
on atemporarybasisthroughan environmental
assessmentunder theNationalEnvironmental
Policy Act (NEPA) on 1 March 1993.The FS
has sincereleaseda draft environmentalimpact
statementunder the NEPA that analyzesseveral
alternativesfor California spottedowl manage-
ment,oneof which is the CaspowPlan.

In theSierra Nevada, theCaspowPlan
recommends managementemphasizingadequate
amountsand distributionof suitable owlhabitat
throughimprovedhabitat andresourcemanage-
ment practicesratherthanthroughprotectionof
large blocksof habitat. Thestrategyseeksto
protect knownowl nestor roost sites,retain the
largerandoldercomponentsof forest structure,
andaddressthe problemsof fire suppressionand
fuel loading.Additional objectivesinclude
rapidly recoveringnestingandroostinghabitat
following disturbance,maintainingexisting
canopylayers,promotingtreegrowthby thin-
ning in middle andlower canopylayers, and
reducingvertical fuel ladders.Habitatavailable
for timbermanagementis classifiedby structural
conditionandutility for variouslife history
requirements,andthe resultanthabitat classes
aremanagedwith restrictionson structural
modifications. Long-termmanagementpropos-
als also focus onspottedowl nestingandroost-
ing habitatasthe targetconditionsfor silvicul-
tural activities.

To formulatethe managementstrategy
containedin this RecoveryPlan,the Recovery
Teamexaminedthe extensiveefforts toprotect
the California andnorthernspottedowl subspe-
cies.These effortshave,so far, experienced
varyingdegreesof successandcontroversy.
Moreover,the threesubspeciesexhibit differ-
encesin habitatuse,habitatdistribution,and
threats.The MexicanSpottedOwl Recovery
Plancombines,in the RecoveryTeam’sopinion,
the applicabkrecommendationsfrom other
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planningeffortswith thoseuniquelyapplicable
to the Mexican subspecies.

ECOSYSTEM MANAGEMENT

The developmentof ecosystemmanagement
in the historyof conservationplans forthe
northernspottedowl was described by Meslow
(1993). Resultsof population and habitat
researchwere incorporatedinto landscape
designsinvolving reserves(HCAs) and intersti-
tial matrices,both ofwhich arebasicattributes
of landscapeecology (DiazandAposrol 1993).
Furtherconsiderationsof the ecosystemmanage-
mentapproachwere extendedto symparric
Federal-andState-listedspecies.It was clear that
single-speciesmanagementfor the northern
spottedowl would havenumerousimpacts on
the manyeligible but yet to belistedspecies
(USD1 1992; Blocket al. 1995). Thomaset al.
(1993) describedthe relationshipbetweenthe
ISC planfor the northernspottedowl andthe
likelihood of viability for asuiteof otherspecies
closelyassociatedwith late-successional forest.
Vernerer al. (1992) describednumerouslinks
betweenthe California spottedowl andassoci-
ated ecosystemcomponentsthatit usesand
requires tosurvive.Assessmentsof otherspecies,
suchasnortherngoshawks (Reynoldset al.
1992) havealso underscoredthe needto manage
large landscapes toprovideadequateprey and
the diversityof habitats neededby thosespecies.

Despite growingacademicandprofessional
awarenessof the needto manage entireecosys-
tems,the RecoveryTeam is chargedwith devel-
opmentof arecoveryplanfor a singlespecies.
However,as the EWS andotherland-manage-
ment agenciesmovetoward managingentire
ecosystems,theyare recognizingthat single-
speciesmanagementwill neverprotectall of the
organismsthat comprisethe ecosystemsupon
which targetspeciesdepend.Furthermore,a
management planfor onespeciesmayconflict
with a managementplanfor a sympatricspecies
in absenceof careful integrationof the two
plans. Block andBrennan (1993)notedthat the
managementrecommendationsof the ISCfor
the northernspottedowl were firmly based in
habitatmanagement.In additionto habitat,
however,bothecosystem-orientedandpopula-
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tion-level considerationsmustbe wed inconser-
vationplanning(Guti~rrez 1994).

The recoveryteamconsideredthe interac-
tion of populations,habitats,andecosystemsin
the developmentof this RecoveryPlan.The
RecoveryTeam recognizesthat numeroushabi-
tats existwithin the rangeof the Mexican spot-
ted owland thatnot all of thosehabitatsare
importantto thesubspecies.The RecoveryTeam
concentratedits management recommendations
on habitatsknown to beimportantto theowl
(seeParts IIand III),while allowing other
ecosystemmanagementobjectives,suchas
conservationof otherspecies,to drive manage-
mentof habitatswherespottedowls area sec-
ondaryconcern.

The RecoveryTeambelievesthat it is impor-
tant to evaluate theeffectsof implementing
RecoveryPlan managementrecommendations
on otherendangered,threatened,sensitive,
candidate,or otherspeciesof concern.In addi-
tion, it is importantthat the recommendations
for Mexican spottedowl managementbe com-
paredwith the recommendationsin other
speciesrecovery ormanagementplans. If con-
flicts are identified, theyneedto be resolvedby
appropriateland managersand/orscientists.

An importantobjective inmanagementof
forestedecosystemsshouldbe toaddressforest
healthproblems,returnforestedecosystemsto
conditionswithin their natural rangeof varia-
tion, andwork towardsustainableandresilient
ecosystems.The goalsof this RecoveryPlan and
ecos)’stemmanagementprinciplesarecompat-
ible. Properecosystemmanagementwill provide
for landscapes inwhich spottedowls andother
ecosystemcomponentspersistwithin the range
of their evolutionary adaptations.The metric
used tomeasureprogressshouldbe theamount
of acreagesuccessfullytreatedto meeta desired
result,andnot commodity-basedmeasures such
as “boardfeet” or “animal unit months.” Com-
moditieswill undoubtedlybe abyproductof
forested ecosystemmanagement,but shouldnot
be thedriving consideration.

ECONOMIC CONSIDERATIONS

Protectingthreatened andendangered
speciescanconflict with otherresourceobjec-

rives.These conflicts canbecomemoreintense
whenspeciesconservationefforts restricteco-
nomic returnsfrom landspeopledependupon
for their livelihoodsandcommunitiesdepend
upon fortheir veryexistence.Whetherconflicts
betweenspeciesconservationandeconomic
return are real or perceived,humanconcerns
should beconsideredso long as the conservation
goal is achieved.

As mentionedpreviously, theRecovery
Team’schargewas to develop aplanthatwould
lead to recoveryof the Mexicanspottedowl.
However, specificcause-effectrelationshipsof
manymanagementactivities onindividualowls
andpairs or in relationto populationprocesses
are norentirely clear. Giventheseuncertainties,
it maybe temptingto take a conservativeap-
proachto recoveryby recommendingcessation
of all anthropogenicactivities forwhich effects
of the activity on thetarget speciesarepoorly
understood.However, recommendationsfor
resourcemanagementshouldbe basedon
establishedinformation.The absenceof needed
informationshouldstimulateresearch,andthe
resultsof thatresearchshouldguidemanage-
ment.Theonly way to understandthe cause-
and-effect relationshipsbetweenmanagement
actionsandspecific resourcesis by studying
them,preferablythroughcontrolledexperi-
ments.

The recommendationscontainedherein
allow most land-managementactivities tooccur
providedthat the effectsof those activitiesare
evaluatedduring therecoveryperiod. In addi-
tion, theRecoveryPlanrecommendsthat
scientific monitoringof theMexicanspottedowl
population andits habitatshouldaccompany
those activities toassesstheir impacton spotted
owl populations.If warranted,these activities
can bealteredor eliminatedif monitoringor
research indicates asignificantrisk to thespotted
owl population.In othercases,restrictionson
humanactivities are recommendedwheredata
show ahigh likelihoodthat the spottedowl’s
persistencemaybe significantlycompromisedif
certainland-managementpracticescontinue.

Obviously, thedecisionon which activities
mustbe alteredor eliminatedandwhich may
proceedif closelymonitored cannotbemade
with absolutecertainty.Suchdecisions require
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professionaljudgementof the mostqualified
scientistsusingthebestavailabledata.The FWS
selected theRecoveryTeammemberswith that
fact in mind. However, the FWSalso intendsto
usethe expertiseof otherswho maycontribute
useful informationto improvemanagementof
the Mexicanspottedowl.

Any conservationplan,regardlessof species,
mustinclude theconsiderationsdiscussedabove
whenuncertaintiesexist. The FWS is confident
that this RecoveryPlan, given itsinherent
flexibility, has ahighlikelihood of leadingto the
recoveryof the Mexican sportedowl without
causingunacceptablelevelsof economicand
socialhardshipduring its implementation.

HUMAN INTERVENTION
AND NATURAL PROCESSES

Muchcriticism directedat Mexicanspotted
owl managementcenters ontheconceptthat
today’s southwesternforestsare in anunnatural
state; thatgrazing,fire suppression,forestry
practices,andotheranthropogenicprocesses
have led to forestconditionsmuch denserthan
thoseexisting duringpresertlementtimes.A
concurrentincreasein mixed-coniferforestsis
also believed to haveoccurred.Thesepoints
lead some tothe conclusionthat the Mexican
spottedowl populationis at an all-time (and
unsustainable)high. The RecoveryTeamis
unawareof datathat clearlysupportthatconclu-
sion, andquestionswhetherstandsrecently
convertedto mixed-coniferforestpossessthe
structuralcharacteristicsutilized by the subspe-
cies.The RecoveryTeam acknowledgesthat
humanshavehada pronouncedinfluenceon
contemporaryforest conditions;however,the
effectsof humanactivities onthe Mexican
spottedowl populationare unknown.Evenif
oneacceptsthatthe spottedowl populationin
mixed-coniferforest is unnaturally high,one
mustalsoconsiderthatotherhabitatsthatmay
havebeenimportanthistorically, suchas lower-
andmiddle-elevation riparianareas,havebeen
dramaticallyreduced.Thesetwo trendsmaybe
offsetting,andthe netgainor loss of spottedowl
carrying capacitycanonly bespeculatedupon.

MexicanSpottedOwl RecoveryPlan

It would be imprudent,if not impossible, to
develop amanagement planfor a speciesby
speculatingon its status inthedistantpast;
rather,the appropriateapproachis to acknowl-
edgethatwe aredealingwith a drasticallyaltered
landscapeand thata return to presertlement
conditionsis impossible. Inthat light, the
RecoveryTeam acknowledgesthathumanshave
amajor role to play in managementof the
spottedowl andthe forestsof the Southwest.
The RecoveryTeambelievesthata viableforest-
products industryis critical in carryingout the
managementactionsrecommendedin this
Recovery Plan,making it an essentialagentof
plan implementation.

DIFFERENCES BETWEEN
THE DRAFT AND FINAL

RECOVERY PLANS

The Recovery Teamconsideredall com-
mentsreceivedon thedraft MexicanSpotted
Owl RecoveryPlan. Inaddition, thedraft
RecoveryPlanunderwentextensivepeerreview
from both purposelyselectedreviewersand
“blind” reviewersselected bycertainscientific
societies(seeAppendixE). Thesereviewsled to a
final Recovery Planthat differssubstantially
from thedraft version. We donot attemptto
detailevery differencebetweenthe two versions
of the RecoveryPlan,but discuss thesediffer-
encesin general terms.

Parr II of thedraftRecoveryPlan contained
a greatdealof technicalinformation.In the
interestof making the RecoveryPlan an easier
documentto use, severalof thosechapterswere
placedin a companionvolumeto this Recovery
Plan.The informationcontainedin those
chapterswas integralto RecoveryPlandevelop-
ment,so the mainpointsin eachare summa-
rized in PartII of this final Recovery Plan.

PartIII has changedsubstantiallyfrom the
draft version.Much of the background and
justificationdiscussionhasbeenmovedto Part
II, sothat thecurrent PartIII dealsstrictly with
the managementrecommendationsanddelisring
criteria. This allows landmanagers tomoreeasily
pull thespecific recommendationsour of the
Parr III text. In addition, the management
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recommendationshavechangedconsiderably, in
thattheyare now in a moredescriptive,rather
thanprescriptive,context.The changeswere in
response tocommentsfrom numerousland
managerswho expressedtheir concernthatmany
of thetools available toachieveland-manage-
ment objectiveswereoverly constrained.The
RecoveryTeamrecognizesthat the bestapproach
is to describethe desiredconditionson the
landscape, whileproviding land-management
professionalstheflexibility to choosethe tools to
achievethestatedobjectives.

The mostsignificant change inPartIV is
that the responsibilityfor implementingsomeof
thetasksrecommendedin this Recovery Plan
has beendistributed amongdifferententities. In
addition, the estimatedcostsof implementing
specific recovetytasksis provided.
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A. GENERAL BIOLOGY
AND ECOLOGICAL RELATIONSHIPS OF

THE MEXICAN SPOTTED OWL
SarahF. Rinkevich,JosephL. Ganey,JamesP. WardJr.,

GaryC White,DeanL. Urban, AlanB. Frank/in,
William M Block, andFernando Clemente

Thissection presents asummaryof
Volume 2,which examines aspectsof the biology
andecologicalrelationshipsof Mexicanspotted
owls in moredetail.This is nor an exhaustive
treatmentof the owl’s biology and ecology,but is
intendedto providean overviewof biological
elementsgermaneto recovering the Mexican
spottedowl. Althoughgapsstill exist, our
understandingof theMexicanspottedowl’s
naturalhistoryhas increasedwith recentresearch
aswell asdataanalysesaccomplishedby the
RecoveryTeam.

A wealth of informationexistsfor thenorth-
ern andCalifornia sportedowls (Thomaser al.
1990,Bart eral. 1992, Vernerer al. 1992a,
Guridrrezet al., 1995).Althoughdifferent in
somerespects,manyaspectsof the owls’ biology
andecologyaresimilar amongthe threesubspe-
cies.Thus,whereappropriate,informationfrom
thesesubspecieswas used forcomparisonor
wheredatawerelimited regardingtheMexican
spottedowl.

TAXONOMY

Threespecieswithin thegenusStrixoccur
north of Mexico: spotted(S. occidentalis),barred
(S. varia), andgreatgray owls (S. nebulosa).
Mexican sported, barred,andfulvous owls (S.
fulvescens)occur in Mexico.The Mexican spot-
ted owl (S. o. lucida) is oneof threesubspeciesof
spottedowl recognizedby theAmericanOrni-
thologists’ Union (AOU) in irs last checklistthat
includedsubspecies(AOU 1957:285).The other
two subspeciesare thenorthern(S. o. caurina)
andthe Californiaspottedowl (S. o. occidenta/is)
(AOU 1957; Figure.II.A.1).

The Mexicansubspecieswas first described
from a specimen collectedat Mount Tanciraro,
Michoacan,Mexico and namedSyrnium
occidentalelucidum (Nelson1903).The spotted
owl waslaterassigned tothe genusStrix
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(Ridgway 1914)andthe subspecificnamewas
changedto lucida to conformto raixonomic
standards.MonsonandPhillips (1981)regarded
the Mexicanspottedowl in Arizonaas S. o.
huachucae,noting thattheywerepalerthanS. o.
lucida. However,this taxonomic designationwas
nor followed by theAOU (1957).

The Mexicansubspeciesis geographically
isolatedfrom both the California andnorthern
subspecies. Usingelectrophoresisto examine
allozymevariation,BarrowcloughandGuridrrez
(1990) founda majorallelic differencebetween
the Mexicanspottedowl andthe two coastal
subspecies.This differencesuggeststhatthe
Mexicanspottedowl hasbeenisolatedgeneti-
cally from the othersubspeciesfor considerable
time, hasfollowed a separateevolutionary
history,andcouldthereforebe considereda
separatespecies(BarrowcloughandGuri&rez
1990:742).

Northernspottedowls areknownto hybrid-
ize with barredowls. Hybridshavebeenfound
in WashingtonandOregon (Hamereral. 1992),
andin California (Alan Franklin, Humboldt
State Univ.,Arcata, CA, pers.comm.).The
hybridscan beidentified by theirplumage,
vocalizations,andmorphology(Hamerer al.
1992). Closely relatedspeciesoccasionally
hybridizenaturally, especiallywherehabitat
disruptionhas led tocontactbetweenspecies
previously isolatedgeographically(Short 1965,
1972). Hybridizationhasnor beenreportedin
the Mexicansubspecies.The possibilityof
hybridizationexistsin Mexico wherebarred
owls, fulvous owls, and spottedowls overlap in
distribution. No evidencecurrentlyexists docu-
mentingactualsymparryamongthesespecies,
however.
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FigureII.A.1. Geographicrangeof the spottedowl.
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DESCRIPTION

The spottedowl is mottled in appearance
with irregularwhite andbrown spots onirs
abdomen,back,andhead.The spotsof the
Mexicanspottedowl are largerandmorenumer-
ousthanin theothertwo subspecies, givingit a
lighter appearance.Strixoccidentalistranslatesas
“owl of thewest” andlucidameans“light” or
“bright.” Unlike mostowls, spottedowls have
dark eyes.Severalthin white bandsmarkan
otherwisebrown tail.

Adult maleand femalespottedowls are
mostlymonochromaticin plumagecharacteris-
tics, but the sexescan be readilydistinguishedby
voice(seebelow). Juveniles,subadults,and
adults can bedistinguishedby plumagecharac-
teristics (Forsman 1981,Moenet al. 1991).
Juvenilesportedowls (harchlingto approxi-
matelyfive months)have adownyappearance.
Subadulrs(5 to 26 months)closely resemble
adults, but havepointedrerriceswith a pure
white terminalband(Forsman 1981,Moen er al.
1991).The rerricesof adults(>27 months)have
roundedtips, and theterminalbandis mottled
brown andwhite.

Although thespottedowl is often referred to
as a medium-sizedowl, it ranksamongthe
largestowls in NorthAmerica.Of the 19 species
of owlsthat occur in NorthAmerica,only 4 are
largerthanthe spottedowl (Johnsgard1988).
Like many otherowls, spottedowls exhibit
reversedsexualdimorphism(i.e., femalesare
largerthanmales).Adult maleMexicanspotted
owls (n = 37) average519± 32.6 (SD) g
(18.5 oz), andadult females(n = 31) average579
+ 31.2g (20.7oz) (Krisran eral., in prep.).
Thereappears to bedma1 variation amongthe
threesubspeciesin a numberof morphological
characteristics measured,with size decreasing
from northto south(Kristan eral., in prep.).

DISTRIBUTION
AND ABUNDANCE

The RecoveryTeam gatheredandexamined
informationon the distribution andabundance
of Mexicanspottedowls through 1993.Data
from surveysconductedafter 1993were not
availablefor our analyses.

We usedthe informationcollectedto (1)
documenthistoricalandcurrentrangeof this
subspecies,(2) help formulateRecoveryUnit
boundaries,and(3) provide atemplatefor
analysesat thelandscapescale.Descriptionsof
RecoveryUnits areprovidedin the following
chapter(II.B).

The Mexicanspottedowl currentlyoccupies
abroadgeographicarea,but doesnor occur
uniformly throughoutits range(Figure II.A.2).
Instead,the owl occurs indisjunctlocalitiesthat
correspondto isolatedmountainsystemsand
canyons.In theUnited States,91% of theowls
known to existbetween1990and 1993occuron
landsadministeredby theFS (Table II.A.1).
Other landscurrentlyoccupiedby Mexican
spottedowls in theUnited Statesinclude, NPS
(4%), BLM (2%),Tribal (2%), andDOD (1%).
We know thatmoreowls occuron Tribal lands
thanindicatedhere,but specific informationon
numbersof owls knownon Tribal landswas nor
madeavailableto theTeam.Owl distribution
accordingto land ownershipis unavailable for
Mexico. Eighty-ninepercentof the owls known
to existbetween1990and1993 in Mexicowere
in the Statesof SonoraandChihuahua(Table
II.A. 1, FigureII.A.3). However,mostsurvey
efforts in Mexico wererestrictedto thesestates,
andthesenumbersdo not necessarilyreflect
actual trendsin distribution.

The currentowl distribution mimicsits
historicalextent,with a few exceptions.The owl
hasnot been reportedrecentlyalong major
ripariancorridors in Arizona andNew Mexico,
nor in historicallydocumentedareasof southern
Mexico. Riparian communitiesandpreviously
occupiedlocalities in thesouthwesternUnited
StatesandsouthernMexico haveundergone
significanthabitatalterationsincethe historical
sightings(USD1 1993). However, theamountof
effort devotedto surveying theseareasis un-
known andfuturesurveysmaydocument
spottedowls there. Surveysconductedto relocate
sportedowls in northernColorado nearFort
Collins andBoulder,whererecords exist from
theearly 1970sand1980s,havebeenunsuccess-
ful. Surveysconductedin the Book Cliffs of east-
centralUtah, whereowls wererecordedin 1958,
havealsobeenunsuccessful.Althoughhistorical
(pre-1990)data provide someinformationabout
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Figure II.A.2. Currentdistributionof Mexicanspottedowls in theUnited Statesbased onplanned
surveysandincidental observationsrecordedfrom 1990 through 1993.
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Table II.A. 1. Historical recordsandminimumnumbersof Mexicanspottedowls found during
plannedsurveysandincidental observations,reportedby RecoveryUnit andlandownership.Recovery
Units are described inPartII.B.

Number of i Number of
owl records owl sites

RecoveryUnit before 1990 1990-1993

UNITED STATES
Colorado Plateau

FS 21 16
BLM 6 10
NPS 34 23
Tribal 20 132

New Mexico Stare 1 0
Unknown ~ 0

Subtotal 87 62
SouthernRockyMountains — Colorado

FS 2 8
BLM 0 6
NPS 0 0
Tribal 1 2

Unknown ‘~ 1z 0
Subtotal 20 14

SouthernRockyMountains — NewMexico
FS 25 34
NPS 3 0
NewMexico Stare 1 0
Private 4 0
Unknown ‘~ 8 0

Subtotal 41 34
Upper Gila Mountains

FS 138 424
BLM 5 0
NPS 5 0
Tribal 0 2

Private 1 0
Unknown ~ 104 0

Subtotal 253 424
Basin andRange — West

ES 82 97
NPS 13 0
Tribal 0 _ 2

DOD 9 6
Private 8 0
Unknown~ 0

Subtotal 169 103

v
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Table II.A.l. continued

Number of Number of
owl records owl sites

RecoveryUnit before 1990 1990-1993

Basin andRange — East
FS 18 111
BLM 1 0
NPS 6 10
Tribal 2 2

FWS 1 0
Private 2 0

Subtotal 30 121

United States Total 600 758

MEXICO
SierraMadre Occidental — Norte

Sonora 8 9
Chihuahua 10 ___

Subtotal 18 17
SierraMadre Oriental — Norte

Coahuila 2 0
SierraMadre Occidental— Sur

Sinaloa 1 0
Durango 2 0
Aguacalienres 0
Zacarecas 0
San Luis Porosi 1 0
Guanajuaro 1 0

Subtotal 5 1
Sierra MadreOriental — Sur

Coahuila 4 0
NuevoLeon 4 1
Tamaulipas 0 ___

Subtotal 8 1
EjeNeovo/canico

Jalisco 1 0
Colima 1~ 0
Michoacan 1 0
Puebla 1~ 0

Subtotal 2 0

Mexico Total 35 19

Thesevaluesdo not necessarilyindicatenumbersof owls ot owl sitesbecausemultiple recordsmayexist from the

same strethroughtime.
2 Additional owls areknown to exist on manyTribal lands,but the exactnumberis unavailable.

>~ Locationsof theserecordswereinsufficient for assigning alandownership.
~ Additional sightingshavebeen reported from1994 surveys.

Unverified recordnot includedin totals(seetext).
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Figure II.A.3. Currentdistributionof Mexicanspottedowls in Mexico based onplannedsurveys
and incidentalobservationsrecordedfrom 1990 through 1993.
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aboutpastdistributionof spottedowls, we stress
that it is nor sufficient to allow us toestimate
changes inthenumberor distributionof owls
from historicalto presenttime.

Most current observationsof Mexican
spottedowls are fromthe UpperGila Mountains
RU (seeII.B). This unit can beconsidereda
critical nucleusfor the subspeciesbecauseof irs
central locationwithin the owl’s rangeandirs
seeminglyhigh numberof owls. Other areas
likely to beimportantpopulationcenters in-
dudethe sky islandsof southeasternArizonaand
the SacramentoMountainsof centralNew
Mexico (BasinandRangeRUs; seeII.B). Al-
thoughinformationon owl numberspermitsa
view of the currentdistribution, it is nor com-
pleteenoughto provide a reliableestimateof
total populationsize.

Mexicanspottedowls occurat higherdensi-
ties in mixed-coniferforeststhanin pine-oak,
pine,and pinyon-juniperforest types (Skaggs
andRairt 1988,White er al. 1995). A combined
estimateof Mexicanspottedowl densityon two
studyareasin the UpperGila MountainsRU is
similar to estimatesreportedfor otherspotted
owl subspecies.

In summary,the Mexican sportedowl is
distributeddiscontinuouslythroughoutits
range,with irs distributionlargely restrictedto
montaneforestsandcanyons.Althoughfuture
effortswill undoubtedlydiscoveradditional
owls, theirdocumentedspatialdistributionin
the UnitedStatesis nor likely to changegreatly.
The converseis true for Mexico,whereplanned
surveyshavebegunonly recently.

HABITAT ASSOCIATIONS

Mexicanspottedowls nest,roost,forage,and
dispersein adiverse arrayof bioric communities.
Mixed-coniferforestsarecommonlyused
throughoutmostof the range(Johnsonand
Johnson1985,SkaggsandRairt 1988,Ganeyer
al. 1988,GaneyandBalda 1989a,Rinkevich
1991,Willey 1993,FletcherandHollis 1994,
SeamansandGuridrrez, inpress).In general,
theseforestsaredominatedby Douglas-firand/
or white fir, with codominantspeciesincluding
southwesternwhite pine,limber pine,and
ponderosapine (Brown eral. 1980),The under-
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storyoften containsthe aboveconiferousspecies
aswell as broadleavedspeciessuchas Gambel
oak, maples,boxelder,andNew Mexico locust.
In southernArizonaandMexico, Madreanpine-
oakforestsarealso usedcommonly(Ganeyand
Balda 1 989a,Duncan andTaiz 1992,Ganeyet
al. 1992,Tarangoer al. 1994).Theseforestsare
typically dominatedby anoverstoryof Chihua-
huaandApache pines inconjunctionwith
speciessuchas Douglas-fir, ponderosapine,and
Arizona cypress.Evergreenoaksare typically
prominentin the understory(Brown eral.
1980).

Habitat-use patternsvary throughoutthe
rangeandwith respect to owl activity(see
below). In the northernportionof the range,
including southernUtah, southernColorado,
and far northernArizonaandNew Mexico, owls
occur primarily in steep-walled, rocky canyons
(Kerrell 1977, Reynolds 1990,Rinkevich 1991,
Willey 1993).Along the Mogollon Rim in
Arizona andNewMexico, habitatuseis less
restricted,andspottedowls occurin mixed-
conifer forests,ponderosapine-Gambeloak
forests,rocky canyons,andassociatedriparian
forests(GaneyandBalda 1989a,Ganeyer al.
1992, FletcherandHollis 1994, Seamansand
Guridrrez, in press,PeterStacey,Univ. of
Nevada,Reno,pers.comm.).Southof the
Mogollon Rim and intoMexico a still wider
variety of habitattypesareused,including
mixed-conifer,Madreanpine-oak,andArizona
cypress forests,encinaloakwoodlands,and
associatedriparianforests(GaneyandBalda
1989a,Duncan andTaiz 1992,Ganeyer al.
1992,Tarangoeral. 1994). Much of this re-
gional variation inhabitatuselikely resultsfrom
differences in regionalpatternsof habitat and
prey availability.

Nestingand Roosting Habitat

Mexican spottedowls nest androostprima-
rily in closed-canopyforestsor rocky canyons. In
the northernportionof the range(southern
UtahandColorado),mostnestsare in cavesor
on cliff ledgesin steep-walledcanyons.Else-
where, themajority of nestsappearto be in trees
(FletcherandHollis 1994).
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Forests used forroosringandnestingoften
containmatureor old-growthstandswith
complexstructure(SkaggsandRairt 1988,
GaneyandBalda 1989a, 1994;McDonalderal.
1991, SeamansandGuridrrez, inpress).These
forestsare typicallyuneven-aged,multisroried,
andhavehigh canopyclosure.Nest treesare
typically large insize (SWCA 1992, Fletcherand
Hollis 1994, SeamansandGuridrrez, inpress),
whereasowls roost in bothlargeandsmall trees
(Ganey1988,Rinkevich1991,Willey 1993,
Zwank eral. 1994, PeterStacey,Univ. of
Nevada,Reno,pets.comm.).Tree speciesused
for nestingvary somewhatamongareasand
habitattypes,but availableevidencesuggeststhat
Douglas-firis the mostcommonspeciesof nest
tree(SWCA 1992, FletcherandHollis 1994,
SeamansandGuridrrez, inpress).A wider variety
of treesare used for roosring,but againDouglas-
fir is the mostcommonlyusedspecies(Ganey
1988,FletcherandHollis 1994,Zwank eral.
1994,PeterStacey,Univ. of Nevada,Reno,pets.
comm.).

Severalhypotheseshavebeen proposedto
explainwhy spottedowls nestin closed-canopy
forests(reviewedby Carey 1985,Gurkrrez
1985). Barrows(1981) suggestedthat spotted
owls are relatively intolerantof high tempera-
turesand roostand nestin shadyforestsbecause
theyprovide favorablemicroclimaricconditions.
Ganeyer al. (1993) observedthatMexican
spottedowls producedmoremetabolicheatthan
greathornedowls, andwerelessable to dissipate
thatheat.This maylead theseowls to seek our
cool microsiresduringperiodsof high ambient
temperature.Mexicanspottedowls typically nest
androost in closed-canopyforestsor deepshady
canyons;bothsituationsprovidecool microsires
(Kerrell 1977,Ganeyer al. 1988, Rinkevich
1991,GaneyandBalda 1989a,Willey 1993).

Foraging Habitat

Little is known aboutpatternsof habitatuse
by foragingowls. The only availabledatade-
scribe habitatuse by eightowls occupyingfive
homeranges onthreestudyareasin northern
Arizona (GaneyandBalda 1994). Ingeneral,
owls foraged morethanor as expected in
unloggedforests,and lessthanor as expected in
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selectivelyloggedforests.Expectedvalueswere
based on relativeoccurrencesof habitats.How-
ever,patternsof habitatuse variedamongstudy
areasandindividuals,andevenbetweenpair
membersin somecases,makinggeneralizations
difficult. Both high-use roosringandhigh-use
foragingsiteshadmorebig logs, highercanopy
closure,andgreaterdensitiesandbasal areasof
both treesandsnagsthanrandomsites. Owls
clearly used a wider varietyof forestconditions
for foragingthantheyused forroosring (Ganey
andBalda 1994). Wecaution,however,about
extendingthese results too far given thelimited
numberof owls sampled,andthe variability
observedamongowls and sites.

TERRITORIALITY
AND HOME RANGE

Home rangeis definedas the area usedby an
animalduring irs normalactivities (Burt 1943)
whereasterritory is a defendedareawithin an
individual’s homerange (Nice 1941). Territories
are typically smallerthanhomeranges,but the
exactrelationshipbetweenthe territory andthe
homerangeis generallynorknown. Fidelity to
territoriesis apparentlyhigh in Mexicanspotted
owls, with mostowls remainingon thesame
territory year afteryear.

Home-rangesize of Mexicanspottedowls,
as estimatedby monitoringmovementsof
radioraggedowls, appearsto vary considerably
amonghabitatsand/orgeographicareas(Ganey
andDick 1995). Differences insamplingmeth-
odsamongstudiesmake comparisonsdifficult,
however.Minimum convexpolygonhome
rangeestimatesof homerange-sizevaried
from (1) 924 - 1,487ha (2,282 - 3,672acres)
for individuals (n = 11) on threestudy areasin
ColoradoPlateauRU (Willey 1993); (2) 261 -
1,053ha (645 -2,601acres)for individuals
(n = 25) and 381 - 1,551 ha(941 - 3,831 acres)
for pairs (n 10) on five studyareasin the
UpperGila MountainsRU (GaneyandBalda
1989b,GaneyandBlock, unpublisheddata,
PeterStacey,Univ. of Nevada,Reno,pers.
comm.);and(3)452-937ha (1,116-2,314
acres)for individuals (n = 20) and573 - 1,401
ha (1,415 - 3,461acres)for pairs (n = 8) on two
studyareasin the BasinandRange-EastRU
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(Zwank eral. 1994,GaneyandBlock, unpub-
lisheddata).

VOCALIZATIONS

The spottedowl, beingprimarily nocturnal,
is more often heardthanseen.It has a wide
repertoireof calls (Forsmanet al. 1984,Ganey
1990) that are relativelylow-pitchedandcom-
posedof puretones (Firron 1991).Sexescan be
distinguishedby calls; males have adeepervoice
thanfemalesandgenerallycall morefrequently.
The most commonvocalization, usedmore
oftenby males,is a seriesof four unevenly-
spacedhoots.Femalesfrequently usea clear
whistle endingwith an upwardinflection aswell
as a seriesof sharpbarks.Forsmaner al. (1984)
described14 calls for the northernspottedowl,
of which 10 werereportedby Ganey(1990) for
Arizona birds.

Mexicanspottedowls call mainly from
March - Novemberand are relatively silentfrom
December- February(Ganey1990). Calling
activity increasesfrom March throughMay
(althoughnestingfemalesare largely silent
duringApril andearly May),and thendeclines
from JunethroughNovember(Ganey1990).
On a daily basis,callingactivity is greatest
during the2-hourperiod following sunset,with
smallerpeaks4-8 hoursafter sunsetand just
beforesunrise. Owlscalled morethanexpected
duringthe lastquarterandnew moonphasesof
the lunar cycle; andtheycalledmostfrequently
on calm, clearnights whenno precipitationwas
falling (Ganey1990).

INTERSPECIFIC COMPETITION

Severalotherspeciesof owls occurwithin the
rangeof the Mexicanspottedowl. Interference
competition,where individualsphysically
interferewith each other,probablydoesnot
occur toanygreatextentbetweenthe Mexican
sportedowl andotherowl species.However,
exploitativecompetition,whereindividuals
competefor similar resources suchas preyor
nestsires,mayoccur. Competition mightbe
greatestbetweenspotted andgreathornedowls
becausebothspeciesare relatively largeand
widely distributed.Preliminarydatafrom a

telemetrystudyin northernArizona suggestthat
theseowls overlapbroadlyin diet andspace,but
exhibit somehabitatsegregation(Ganeyand
Block, unpublisheddata).If Mexicanspotted
andbarredowls are symparricin Mexico, then
competitionmight alsooccurbetweenthese
closely relatedspecies.In general,however,more
researchis neededto assessthe potentialoccur-
renceandimportanceof interspecificcompeti-
tion between sportedandotherowls.

FEEDING HABITS AND PREY
ECOLOGY

Forsman (1976)describedspottedowls as
“perch andpounce”predators.They typically
locateprey froman elevatedperchby sight or
sound,thenpounceon theprey andcaptureit

with their talons. Spottedowls havealsobeen
observedcapturingflying prey suchas birds and
insects(Vernereral. 1992b).Theyhunt prima-
rily at night (Forsman eral. 1984,Ganey 1988),
althoughinfrequentdiurnal foraginghasbeen
documented(Forsman eral. 1984,Laymon
1991,Soverneral. 1994).

Mexican sportedowls consumea varietyof
prey throughouttheir rangebut commonlyear
small- andmedium-sized rodentssuchas
woodrars, peromyscidmice, andmicrorinevoles.
Sported owlsalsoconsumebats,birds,reptiles,
andarrhropods.The diet variesby geographic
location (Ward andBlock 1995; Figure. II.A.4).
For example,spottedowlsdwelling in canyons
of theColoradoPlateautakemorewoodrars,
andfewer birds, thando spottedowls from other
areas(Ward andBlock 1995,Figure. II.A.4). In
contrast,spottedowls occupyingmountain
rangeswith forest-meadowinterfaces,as found
within the Basin andRange- East,Southern
RockyMountains- Colorado,andUpper Gila
MountainsRUs, takemorevoles (Wardand
Block 1995,Figure. II.A.4). Regionaldifferences
in the owl’s diet likely reflect geographicvaria-
tion in populationdensitiesandhabitatsof both
the prey andthe owl.

The Teamwas unableto link consumption
of specificprey andsuccessfulreproductionby
the Mexicanspottedowl, with two possible
exceptions.First, fecundityof spottedowls
occupyingthe SacramentoMountains(Basin

\‘olume I/Part ii 28



andRange - East RU)appearedto be associated
with trendsin abundanceof peromyscidmice
(Ward andBlock 1995). Second,thepredomi-
nanceof woodrarsin thediet throughoutmuch
of the owl’s rangesuggeststhat thisprey may
influencetheowl’s fitness.Otherstudies have
shown positiveassociationsbetweenlarger prey
(e.g.,woodrars) inthe diet of northernand
California spottedowls andtheir reproductive
success(Barrows 1987,Thrailkill andBias
1989). Inmostcases,however,total preybiom-
assmaybemoreinfluential on theowl’s fitness
thanthe abundanceof anyparticularprey
species.

Habitatcorrelatesof the owl’s common prey
emphasizethateach preyspeciesuses aunique
microhabitat.For example,deermice areubiqui-
rous indistribution,occupyingareaswith
variableconditions,whereasbrushmice are
restrictedto communities witha strongoak
componentanddry, rocky substrateswith sparse
treecover. Mexicanwoodrarsare typically found
in areaswith considerableshrubor understory
treecover, little herbaceouscover,andhigh log
volumes.Mexicanvolesare foundin areaswith
high herbaceouscover,primarily grasses.Long-
railed volesareassociatedwith high herbaceous
cover,primarily forbs, manyshrubs,and limited
treecover.Thus, to providea diversepreybase,
managersshould providediversehabitatsfor
prey species.Managinghabitatfor a diversityof
preyspeciesmay helpbuffer againstpopulation
fluctuationsof individual preyspeciesand
providea moreconstant foodsupply for theowl.

REPRODUCTIVE BIOLOGY

Knowledgeof the annualreproductivecycle
of the Mexicanspottedowl is importantboth in
an ecologicalcontext,andfor placingseasonal
restrictionson managementor on otheractivities
thatmayoccurwithin areasoccupiedby spotted
owls. Dataon the reproductivecycle of the
Mexicanspottedowl are limited comparedto
informationon the northernandCalifornia
subspecies.Therefore,althoughthe following
discussionis basedprimarily on observationsof
the Mexicanspottedowl, data from the other
subspeciesareprovidedto fill some information
gaps.

MexicanSpottedOxvI RecoveryPlan

Mexicanspottedowls neston cliff ledges,
stick nestsbuilt by otherbirds,debrisplatforms
in trees,andin treecavities (Johnsonand
Johnson1985,Ganey1988,SWCA 1992,
FletcherandHollis 1994,Seamansand
Guti~rrez, inpress).Spottedowls haveoneof
the lowestclutch sizesamongNorth American
owls (Johnsgard1988). Femalesnormally lay
oneto threeeggs,two beingmost common.Re-
nestingfollowing nestfailure is unusual,but has
beenobserved inMexicanspottedowls (Kroel
1991,David Olson,HumboldtState Univ.,
Arcara, CA, pets.comm.).Mexicanspottedowls
breedsporadicallyanddo nor nestevery year
(Ganey1988). In goodyearsmostof the popu-
larion will nest,whereasin otheryearsonly a
smallproportionof pairswill nestsuccessfully
(FletcherandHollis 1994). Reasonsfor this
patternareunknown.

Mexicanspottedowls havedistinct
annual breedingperiods,but reproductive
chronologyvariessomewhatacrossthe rangeof
the owl. In Arizona, courtshipapparentlybegins
in Marchwith pairsroosring togetherduring the
day andcalling to eachotherat dusk(Ganey
1988). Eggsare laid in lateMarchor, more
typically, early April. Incubationbeginsshortly
after the first eggis laid, andis performed
entirelyby the female(Ganey1988). Female
northernspottedowls incubatefor approxi-
mately30 days(Forsman eral. 1984),and
Mexicanspottedowls appearto incubatefor a
similar period (Ganey1988). During incubation
andthe first halfof the broodingperiod,the
femaleleavesthenestonly to defecate,regurgi-
tatepellets, or toreceivepreydeliveredby the
male,who doesmostor all of the foraging
(Forsmaner al. 1984,Ganey1988).

The eggsusually hatchin early May (Ganey
1988). Femalesbroodtheir youngalmost
constantlyfor the first coupleof weeksafterthe
eggshatchbut thenbeginto spendtime hunting
atnight, leaving theowlersunattendedfor up to
severalhours (EricForsman,FS, Corvallis,OR,
pets.comm.).Nestlingowls generallyfledgefour
to five weeksafterhatchingin early tomid-June
(Ganey1988). Owlers usuallyleavethe nest
beforethey canfly, jumpingfrom the neston to
surroundingtreebranchesor the ground
(Forsman eral. 1984,Ganey1988). Owlersthat
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endup on the groundwill oftenclimb backup a
tree to asafe roost sire.The mobility andforag-
ing skills of owlers improvegraduallyduringthe
summer.Within a week afterleaving the nest,
mostowlerscanmake short,clumsyflights
betweentrees.Threeweeksafter leavingthe nest,
owlerscanhold andrear up preyon their own
(Forsman eral. 1984).

Fledglingsdependon theirparentsfor food
during theearlyportionof the fledgling period.
Hungryowlers give apersistent,raspy “begging
call,” especiallywhen adultsappearwith food or
call nearby(Forsman eral. 1984,Ganey1988).
Beggingbehaviordeclinesin late August,but
may continueat low levelsuntil dispersal occurs,
usuallyfrom mid Septemberto earlyOctober
(GaneyandBlock, unpubl. data, PeterStacey,
Univ. of Nevada,Reno,pets.comm., David
Willey, NorthernArizona Univ., Flagstaff,pets.
comm.).

MORTALITY FACTORS

Severalmortality factors (discussedbelow)
havebeenidentified as potentially important
with respect totheMexicanspottedowl. Al-
thougha numberof owls havebeenrecovered
following mortality andexaminedby bothfield
biologistsandlaboratory personnel,in general
little is knownaboutthe extentor importanceof
thesemortality factors.

Predation

Predation, particularlyby avianpredators,
maybeacommon mortalityfactorof spotted
owls. Potentialavianpredatorsof Mexican
spottedowls includegreathornedowls, northern
goshawks,ted-tailedhawks,andgoldeneagles.
Someof thesepredatorsoccupythe same general
habitatsas thespottedowl, but thereis little
direct evidencethat they preyon spottedowls to
anygreatextent(Guridrrez eral. 1995).Ganey
(1988) reportedoneinstanceof apparent great
hornedowl predationon anadultspottedowl,
andRichardReynolds (FS,Fort Collins, CO.,
pets.comm.) reporteda goldeneaglepreyingon
aspottedowl. Preliminaryresultsfrom radio-
ragged Mexicanspottedowlsindicatethatboth

adultsandjuvenilesare preyedupon (Willey
1993,GaneyandBlock, unpubl.data),but in
mostcasesthe identityof thepredatorwas
unknown.Further, insouthernArizona,
procyonidmammalswereobservedattempting
to raid cliff sire nestsoccupiedby spottedowls
(Russell Duncan,SouthwesternField Biologists,
Tucson, AZ,pers. comm.).Thus, theextentto
which Mexicanspottedowls are preyedupon is
unknownatthis time.

Starvation

Starvationis likely anothercommonsource
of mortality. Juvenilenorthernspottedowls may
be morevulnerableto starvationthanadults
(Guridrrez eral. 1985,Miller 1989),becauseof
their poorhuntingskills. Starvationmayalso
result from low abundanceor availability of prey,
which couldaffect bothadultsandjuveniles.
Both adult andjuvenile owls radio-taggedin
Arizonahavebeenfounddeadof apparent
starvation(GaneyandBlock, unpublisheddata),
andtwo of sevenradio-raggedjuveniles inUtah
diedof starvation(Willey 1993). Most instances
of starvationoccurredfrom latefall through
winter,whenprey resourceswere reducedin
abundanceandavailability (Willey 1993,Block
andGaney,unpublisheddata).In addition,
starvationmaypredisposeyoungor evenadults
to predation.

Accidents

Accidentsmaybeanothermortality factor.
For example, instancesof spottedowls beinghit
by carshave beendocumented(RogerSkaggs,
New Mexico State Univ,Las Cruces, pets.
comm; RussellDuncan,SouthwesternField
Biologists,Tucson, AZ, pets.comm.).Owls
flying at nightmight alsocollide with
powerlines,treebranches,or otherobstacles.
This mightbe particularlytruefor birdsmigrat-
ing or dispersingthroughunfamilarterrain.
Again, little informationis availableon how
frequentlythismight occur.
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Disease andParasites

Little is knownabouthow diseaseand
parasitescontributeto mortality of spottedowls.
Hunterer al. (1994)found alarval mire andlice
on 2 of 28 museumspecimensof Mexican
spottedowls examinedfor parasites,and6 of 18
live owls examinedhadhippoboscidfly larvae in
their ears.Someof thelive owls examinedalso
hadlice. Hunterer al. (1994) reached noconclu-
sionsconcerningmortality andecroparasiresin
spottedowls, but did suggestthat larval infesta-
tions in their earscould affect theowls’ hearing.
Becausehearingis importantfor foraging at
night, such infestations couldimpactthe birds’
ability to hunteffectively.

In general,however,spottedowls maybe
adaptedto high parasite loads. In asurveyof
blood parasites inall threesubspeciesof spotted
owls, Guridrrez(1989) foundan infection rateof
100 percent.Althoughdiseaseandparasites
could predisposeowls to deathby starvation,
predation,or accident,no evidenceexists docu-
mentingdiseaseandparasitesasdirect mortality
factorswithin theMexicansubspecies.

POPULATION BIOLOGY

The MexicanSpottedOwl populationfor a
specificarea can bemodeled withthe simple
equation

N
1=N ÷B -D +1 -E

whereN is the populationsize at time t, B is the
t t

numberof new birdsrecruitedinto the popula-
tion (births), D~ is thenumberof birds dying,I
is thenumberof birds immigrating into the
population, andF is thenumberof birds emi-
grating from the population. Thecombined
effectof births, deaths,immigrarions,and
emigrarionsdictatetheviability of thepopula-
non, andhenceirs long-termpersistence.

Survival

Annual survival ratesof adult Mexican
sportedowls is 0.8-0.9based onshort-term
population andradio-trackingstudiesand
longer-termmonitoringstudies(White et al.

1995). Theseannualsurvival estimatescan be
viewedas theprobability of an individual surviv-
ing from oneyear to the nextor as the propor-
tion of individualsthatwill survivefrom one
year to thenext.A varietyof differentestimators
of adult survival usingdifferent typesandsetsof
datagavesimilar results.

Juvenilesurvival is considerablylower (0.06-
0.29) thanadult survival. Juvenilesurvival also
appearsmorespatiallyvariable, althoughthis
conclusionreflectsonly two populationstudy
areasandtwo radio-telemetrystudiesspanning
two yearsor less.

We stronglysuspectthatestimatesof juve-
nile survival from the populationstudieswhich
utilize mark-recapturemethodsare biased low
becauseof (1) ahighlikelihood of permanent
dispersal(emigration)from the studyarea,and
(2) a lag of severalyears beforemarkedjuveniles
reappearas territory holders,at which point they
are first detectedfor recapture.Juvenilenorthern
sportedowls have ahigh dispersalcapability
(reviewed inThomaseral. 1990).If Mexican
spottedowl juveniles have asimilardispersal
capability,we expectthata substantialportionof
markedjuvenileswill emigratefrom the respec-
tive studyareas.However,estimatesfrom the
radio-telemetrystudies roughly corroboratedthe
low estimatesfrom the populationstudies.Biases
in the radio-telemetryestimatesof juvenile
survival can resultif radiossignificantly affect
their survival. Whetherradios ortheirattach-
ment affect survival of northernspottedowls is
debatable(Paron eral. 1991,Foster eral. 1992).
Concerningthe secondpoint, Franklin (1992)
founda lag of 1-4yearsbetweentherime when
juvenilenorthernspottedowls werebanded and
subsequentlyrecaptured.If this processis similar
for Mexicanspottedowls, then thecurrent
populationstudiesmaybe of insufficientdura-
tion to adequatelyestimatejuvenile survival.

In summary,currentsurvival estimatesare
basedprimarily on studiesof insufficient dura-
tion or studies nor explicitly designed toestimate
survival. In mostcases,the dataare too limited
to supportor testtheassumptionsof theestima-
rors used.However,the age-andsex-specific
estimatesof survivalcalculatedhereareuseful at
this point as qualitative descriptorsof thelife-
history characteristicsof Mexicanspottedowls.
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That is, Mexicanspottedowls exhibit high adult
andrelatively low juvenile survival. In this
respect, Mexicanspottedowl survival probabili-
ties appearsimilar to northern(seereview in
Burnhamer al. 1994) andCalifornia spotted
owls (Noon et al. 1992).

Reproduction

Reproductiveoutput ofMexicanspotted
owls, definedasthenumberof youngfledged
per pair,variesbothspatiallyandtemporally
(White eral. 1995). Mexicanspottedowls may
have ahigheraveragereproductiverate (1.001
fledgedyoungper pair) thantheCalifornia
(=0.712; Noon er al. 1992) andthe northern
sportedowl (=0.715;Thomaset al. 1993).All
threesubspeciesexhibit temporalfluctuationsin
reproduction,althoughthe amplitudeof those
fluctuationsmaybe greatest forthe Mexican
spottedowl.

Environmental Variation

Environmentalconditionsgreatlyaffect
reproductionand/orsurvival of nestlings
throughfledgingandto adulthood.However,
adult survival ratesappearto be relativelycon-
stantacrossyears,as suggestedby high pair
persistence rates(Whiteer al. 1995). Suchlife
history characteristicsare commonfor K-
selectedspecies,for which populationsremain
relatively stable eventhoughrecruitmentrates
might be highlyvariable.With no recruitment,
thepopulationdeclinesat the rare of 1 minus
adult survival, or theadult mortality rate.

Population Trends

We haveinadequatedatato estimatepopula-
tion trendsin Mexicanspottedowls. We have
little confidencein our estimatesof population
trendthat includeestimatesof juvenile survival
because theseestimatesof juvenile survival are
probablybiasedlow. Further, the population
studiesfrom which parameterestimateswere
derivedhavenor beenconductedfor a suffi-
ciently longperiod to capturetemporalvaria-
tion. Populationtrendwas alsoevaluatedwith

occupancydata(White er al. 1995), but againis
suspect.Changesin occupancyrateprobably
correspond morewith how monitoringof owls
was performedratherthanreflecting true change
in theowl population.As a complicatingfactor,
a nonrandomsampleof all existingMexican
spottedowl territorieswas monitored,thus
limiting possibleinferences.

MOVEMENTS

SeasonalMovements

Seasonalmovementpatternsof Mexican
sportedowls arevariable. Someradio-tracked
owls areyear-roundresidentswithin an area,
someremainin the same general areabut show
shifts in habitat-usepatterns,andsomemigrate
considerabledistances(20-50 km [12-31 miles])
duringthe winter (GaneyandBalda 1989b,
Ganeyer al. 1992,Willey 1993,Ganeyand
Block unpublisheddata).In general,migrating
owls move tomoreopenhabitatsat lower
elevations(Ganeyeral. 1992,Willey 1993).
Willey (1993), however,observedoneowl that
migratedto coniferousforestat ahighereleva-
tion thantheowls’ breeding-seasonrange.

Natal Dispersal

Little is knownabouthabitatuseby
juvenilesduringnataldispersal.Sevenjuveniles
radio-trackedin southernUtah (Willey 1993)
dispersedover distancesrangingfrom 24 to 145
km (15 to 90miles). Theseowls apparently
movedthrougha varietyof habitatsincluding
spruce-firandmixed-coniferforests,pinyon-
juniperwoodland,mountainshrublands,desert
scrublandsanddesertgrasslands.Another five
juvenile owlswere radio-taggedin the SanMareo
Mountainsof New Mexico in 1993 (Peter
Stacey,Univ. of Nevada,Reno,pets.comm.).
Two of theseapparentlymovedto anadjacent
mountainrange beforetheir signalswere lost.Of
theremaining three,onewas relocatedthe
following yearwithin theSanMareoMountains.
Faresof the othertwo juveniles wereunknown.
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LANDSCAPE PATTERN
AND METAPOPULATION

STRUCTURE

Keitt et al. (1995) examinedthe spatial
patternof foresthabitatpatchesacrosstherange
of the Mexicanspottedowl. Their objectivewas
to gaugetheextentto which the owl might
behaveas ametapopularionin the classicalsense
of a setof localpopulationslinked by infrequent
dispersal. Such afinding, if verified,would
suggestthatpopulationdynamicsof owls in one
local populationmight be influencedby factors,
including managementactivities,thataffected
nearbypopulations.Conversely,if local popula-
tions are functionallydiscrete,thenthosepopu-
lations could be treatedseparatelywith some
confidencethatactions inone partof theowl’s
rangewould not greatlyaffect otherpopulations.

Keitt et al. (1995) concludedthat theowl
probablybehavesas a classicalmetapopulation
over muchof its range.That is, the level of
habitatconnectivityis suchthatmanyhabitats
are “nearly connected”at distancescorrespond-
ing to their bestempirical estimatesof the owl’s
dispersalcapability.At thisscale,thelandscape
consistsof a setof large, more-or-lessdiscrete
habitatclusters.For example,mostof the
Mogollon Rim functionsas a singlecluster, the
southernRockiesas anothersingle cluster,and
soon.This suggeststhatowls could disperse
within habitatclusterswith very high probabil-
ity, anddispersebetweenclustersat very low
probability. Thus,we would expectowls to
dispersewithin clustersmostof thetime but
betweenclustersonly rarelywhich is consistent
with the definition of a metapopularion. This
finding suggeststhatthe Planshouldincorporate
recommendationsthatmaintain(or increase)
habitatconnectivityacrossthe owl’s range.
Habitatconnectivitybuffers apopulationfrom
stochastic variabilitythroughtime by providing
the opportunityfor local populationfailures to
be “rescued”by immigration from otherpopula-
tions.

Keitt etal. (1995) alsoattemptedto identify
thosehabitatclustersmostimportantto overall
landscapeconnectivity.They first ranked habi-
tars to emphasizethe importanceof largepatches

in thelandscape,andsecond,they modifiedthis
approachto emphasize positionaleffects (i.e.,
small clustersthat are importantbecausetheyact
as “steppingstones”or bridgesbetweenlarger
habitatclusters).

In thefirst analysis,the largely contiguous
habitatof the Mogollon Rim emergedasmost
importantoverall, becauseof its largearea.In the
analysisemphasizingclusterposition, a few small
clustersemergedas particularlyimportant.These
includedseveralfragmentsof the Cibola Na-
tional Forest(Mt. Taylor andZuni Mountains)
thatmayserveas steppingstonesbetweenother,
largerclusters.Thesesmallpatchesmaywarrant
particular managementattention;they may
supportfew owlsbut maynevertheless be
importantto overall landscapeconnectivity.

CONCLUSIONS

In manyways,the Mexicanspottedowl
appearsto bequite similar to both the northern
andCalifornia spottedowls with respect to
generalbehavioralpatterns andecology.For
example,all threesubspeciesaremostcommon
in forestsof complexstructure,preymainly on
nocturnally-activesmallmammals,and share
similar vocalizations,reproductivechronologies,
andpopulationcharacteristics.However, impor-
tantdifferences existbetweentheMexican
spottedowl andtheothersubspecies.The
distributionalpatternof the Mexicanspotted
owl is moredisjunctthan thatof theother
subspecies,with thepossibleexceptionof the
Californiaspottedowl populationin themoun-
tain rangesof southernCalifornia (Noon and
MeKelvey 1992).The Mexicansubspeciesalso
appears to use a wider rangeof habitattypes
thanthe othersubspecies.Theseuniqueaspects
of theecologyof the Mexicanspottedowl
requireuniqueapproachesto its management.
For example,threats to owlhabitat andmanage-
mentproposedto address thosethreatsmaywell
differ amongthe diversehabitatsoccupiedby
Mexicanspottedowls. In addition,becauseof
its’ disjunctdistributionalpattern,dispersal
among subpopulationsof Mexican spottedowls
is an importantconsideration.Thus,habitat
managementplansmayneed toconsidernot
only areasoccupiedby owls but also intervening
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areas,evenwheresuchareasarevery different
in habitatstructure fromthosetypically
occupiedby sportedowls.

We havelearneda greatdealabout the
Mexicanspottedowl in the last decade,but
significant informationgapsstill remain.Most
studiesof the owl to darehave beendescrip-
tive ratherthanexperimental (JII.D).Al-
thoughwe haveidentified patternswith

respect to someaspectsof the owls’ ecology(e.g.
habitatuse), causeand effect relationshipshave
not been documented.Further,manyaspectsof
sportedowl demographyandpopulationstruc-
rure remainunclearTheseconsiderations
suggestthatmuch additionalresearchis needed,
andthatmanagementrecommendationsin the
nearterm mustdealwith high levelsof uncer-
rainty.
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B. RECOVERY UNITS
SarahE Rinkevich,JosephL. Ganey, William H Moir,

FrankP. Howe,FernandoClemente,andJuanF. Martinez-Montoya

TheMexicanspottedowl inhabitsdiverse
forest typesscatteredacrossan evenmorephysi-
cally diverse landscape. Further,humanactivities
varydramaticallythroughoutthe owl’s range.
Thesevariationslimit our ability to approacha
status assessment onarangewidebasis.Con-
sequently, we dividedthe rangeof the owl into
11 geographicareascalled“RecoveryUnits”
(hereafter RUs).Six RUs were recognizedwithin
theUnited States:ColoradoPlateau,Southern
RockyMountains- Colorado,SouthernRocky
Mountains- NewMexico, UpperGila Moun-
rains, BasinandRange- West,andBasinand
Range- East(Figure. II.B.1). FiveRUs were
recognized in Mexico:SierraMadre Occidental-
Norre, SierraMadreOriental - Norre, Sierra
Madre Occidental- Sur, SierraMadreOriental -
Sur, andEje Neovolcanico(Figure. II.B.2).

UNITED STATES

RecoveryUnits were identified based onthe
following considerations(in orderof impor-
tance): (1)physiographicprovinces,(2) bioric
regimes,(3) perceived threats to owls ortheir
habitat,(4) administrativeboundaries,and (5)
known patternsof owl distribution. It is impor-

rant to notethat owl distributionalpatternswere
a minorconsiderationin RU delineation,and
thatRUs do nor necessarilyrepresentdiscrete
populationsof owls. In fact, movementof
individualsbetweenRUs hasbeendocumented
(GaneyandDick 1995).

Fourmajorphysiographicprovinceswere

used indelineatingRUs in theUnitedStates: the
ColoradoPlateau,Basin andRange,Southern
RockyMountains,andUpperGila Mountains
(Hammond1965,Wilson 1962, USGS1970,
Bailey 1980). Bioricregimeswere based on
classificationsby Bailey (1980) andBrown er al.
(1980).Administrative boundarieswereused
wheremanagementpracticesdiffered between
jurisdictions(e.g.,SouthernRockyMountains
RUs).The following narratives describedomi-
nantphysicalandbioric characteristics,patterns

of owl distributionand habitatuse,andthe
dominantpatternsof landownershipandland
usewithin each RU.

Colorado Plateau

The ColoradoPlateauRU (Figure. II.B.3)
coincideswith the ColoradoPlateauPhysi-
ographicProvince(USGS1970). It includes
mostof south-centralandsouthernUtah plus
portionsof northernArizona, northwestern New
Mexico, andsouthwesternColorado.Major
landformsincludeinterior basinsandhigh
plateaus dissected bydeepcanyons,including
thecanyonsof theColoradoRiver andits
tributaries(Williams 1986).

Grasslandsandshrub-steppesdominate the
ColoradoPlateauat lower elevations,butwood-
landsandforestsdominate thehigherelevations
(Bailey 1980,West 1983).Pinyonpineand
variousjuniperspeciescomprisethe primarytree
types inthe woodlandzone.A monrane zone
extendsover areason the high plateausand
mountains(Bailey 1980). Forest types inthis
zoneincludeponderosapine,mixed-conifer,and
spruce-fir. Conifersmayextendto lower eleva-
tions in canyons.Deciduouswoodyspecies
dominateripariancommunities,andaremost
commonalong majorstreams.

The Mexicanspottedowl reachesthenorth-
westernlimit of its range inthis RU. Owl
habitatappears to benaturally fragmentedin
this RU, with mostowls foundin disjunct
canyonsystems or on isolatedmountainranges.
In southernUtah, breedingowls primarily
inhabit deep,steep-walledcanyonsandhanging
canyons.Thesecanyonsare typically surrounded
by terrainthat doesnor appearto support
breedingspottedowls. Owls alsoapparently
prefercanyonterrainin southwesternColorado,
particularlyin and aroundMesa VerdeNational
Park. InnorthernArizonaandNew Mexico,
owls havebeen reportedin bothcanyonand
monranesituations.Recentrecordsof spotted
owls exist for theGrandCanyonandKaibab
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Figure II.B. 1. RecoveryUnits within the UnitedStates.
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FigureII.B.2. RecoveryUnits within the Republicof Mexico.
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Plateauin Arizona, aswell as for theChuska
Mountains,BlackMesa, FortDefiancePlateau,
andthe Rainbow/SkeletonPlateauon the
Navajo Reservation. Inaddition,records exist for
theZuni Mountainsand MountTaylor in New
Mexico.

Federal landsaccountfor 44% of this RU
(TableII.B. 1). Tribal landscollectively total
30%,with thelargestsingleentity beingthe
Navajo Reservation. Privateownershipaccounts
for 19%, and Statelandsjust 8%.Most Mexican
spottedowls havebeenlocatedon NPSlands in
this RU, followed by FS and thenBLM lands
(Ward eral. 1995).

Recreationranksfirst amonglanduses in
NationalParkswithin this RU. Activities suchas
hiking, camping,hunting,rockclimbing, and
mountainbiking occurin owl habitat.Many of
theseactivities plusoff-roadvehiclerecreation
also occuron BLM and FS landsthroughoutthe
ColoradoPlateau. Variouscommercialenter-
prises relevant toindustryandagriculturetake
place on these lands.Particularlyimportantare
livestock grazing,timber cutting, coal and
uraniummining, oil and naturalgaspumping,
andcontinuedexplorationfor theseandother
resources.Accessroads, drill pads,pipelines,and
loadingandstorageareasaccompanyall of these
activities.

Southern Rocky Mountains - Colorado

This RU (Figure. II.B.4) falls partly within
theSouthernRockyMountainsPhysiographic
Province(USGS1970) andpartly within the
ColoradoPlateauEcoregion(Bailey 1980).The
Colorado- New Mexico stare linedelimits the
southern boundaryof this RU becauseland-use
practicesandpotentialthreatson Federal lands
differ betweenthesestares.High mountain
ranges characterizethe RU (Curtis 1960);
dominantrangesincludethe San JuanMoun-
rainsof southwesternColorado,theSangre de
Crisro Mountains, andthe FrontRange.

Vegetation rangesfrom grasslandsat low
elevationsthroughpinyon-juniperwoodlands,
interior shrublands, ponderosapine,mixed-
conifer andspruce-firforests,to alpinetundra
on the highestpeaks(Daubenmire1943).

The Mexicanspottedowl reachesthenorth-
easternlimit of its range inthis RU. Found
primarily in canyons inthisRU, the owls appear
to occupytwo disparatecanyonhabitattypes.
The first is sheer,slick-rockcanyonscontaining
widelyscatteredpatches(up to 1 ha in size) of
matureDouglas-firin or nearcanyonbottomsor
high on the canyonwalls in short,hanging
canyons.The secondconsistsof steep canyons
containingexposedbedrockcliffs either closeto
thecanyonfloor or, moretypically, severaltiers
of exposedrockat variousheightson the canyon
walls (Reynolds 1993).MatureDouglas-fir,
white fir, andponderosapinedominatecanyon
bottomsandbothnorth- andeast-facingslopes.
Ponderosapinegrows on the morexericsouth-
andwest-facingslopes,with pinyon-juniper
growingon themesa tops.

Federal landsencompass55% of theRU,
with the majorityadministeredby the FS,
followed by theBLM andNPS (TableII.B.1).
Approximately40% of the landis privately
owned,3% is Stateadministrated,and<1% is
Tribal land.Owls havebeenlocatedon FS,
BLM, NPS,andTribal lands(Ward eral. 1995).

Land-usepracticesthroughoutthe RU
includetimbercutting, grazing,mining,oil and
naturalgaspumping,plus all the associated
facilities developmentsuchas accessroads,
pipelines,andstagingandstorageareas.Recre-
ationalactivitiesincludedownhill andcross-
countryskiing, off-road driving, rockclimbing,
backpacking, camping,hiking, andmountain
biking. Road,water, andurbandevelopment
mayalso affect spottedowl habitatin this RU.

Southern Rocky Mountains
- New Mexico

This RU (Figure. II.B.5) coincideswith the
Southern Rocky Mountains Physiographic
Province (USGS 1970)and the Rocky Mountain
Forest Province (Bailey 1980).The landscape
includesa systemof high rangesseparatedby
deep structuralbasinsof the northernRio
Granderift (Williams 1986). Major ranges
includethe Sangrede CrisroandJemezMoun-
rains.
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Table II.B. 1. Land ownership patterns (thousandsof hectares) inRecoveryUnits (RU) within the UnitedStates.

LAND STATUS CP1 SRM-C02 SRM-NM3 UGM4 BR-W5 BR-E6

Federal Lands
FS 2,503 5,546 1,220 3,520 2,238 495
BLM 7,672 2,227 520 145 3,359 1,829
NPS 1,678 140 14 17 172 59

Total Federal 11,853 7,913 1,754 3,682 5,769 2,383

State Lands

AZ 957 0 0 20 2,905 0
NM 300 0 200 192 84 856
UT 862 0 0 0 0 0
CO 11 454 0 0 0 0

~ Total State 2,129 454 200 212 2,989 856

Tribal Lands 8,026 85 463 941 1,922 382

PrivateLands 5,013 5,717 2,141 3,520 3,712 2,586

Other Lands7 16 105 24 70 1,759 1,101

TOTAL 27,037 14,274 4,582 8,425 16,151 7,308

ColoradoPlateauRU

2 SouthernRockyMountain- ColoradoRU

~ SouthernRockyMountain- New MexicoRU
UpperGila MountainsRU
Basin andRange- West RU

6 Basin andRange - EastRU
~‘ OtherLandsincludeU.S. Departmentof Defense,Bureauof Reclamation,U.S. FishandWildlife ServiceRefuge Lands, etc.



Figure II.B.4. Southern Rocky Mountains - (Aorado Rccovcry Unit.
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Figure II .B.5. Southern Rocky Mountains - New Mexico Recovery Unit.
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Vegetationwithin theunit hasbeen modified
by past logging, grazing, surfacemining,
fuelwood gathering,andfire suppression(Will-
iams 1986, VanHooseret al. 1993). Ponderosa
pine, mixed-conifer,andspruce-firforestsare
widespreadat higherelevations.Junipersavanna
andmontanegrasslandsdominatelower eleva-
tions (Brown et al. 1980). In someareas,mesa
topsdominatedby ponderosapineand juniper
are dissectedby steepcanyons.Vegetation on
canyonslopesandbottomsincludesa varietyof
coniferousanddeciduoustrees.

In general,owls inhabit steepterrainand
canyonsin this RU. Theytypically occurin
mixed-coniferforestson steepslopesin the
Sangrede CristoMountains,andin theJemez
Mountainsthey occupycanyons incisedinto
volcanic rock. Patchesof mixed-coniferforest
which appearto containattributesof owl habitat
exist throughoutnorthernNew Mexico.

Privatelyownedlandscomprise47% of the
total landwithin this RU (Table II.B.1). Federal
landsaccountfor 38%,numerousPueblosand
Tribal lands10%, andState-administeredlands
4%.Mexicanspottedowls havebeenfound
primarily on FS lands,with severalrecordsin
BandelierNationalMonumentaswell (Johnson
andJohnson1985:5).

Dominantland-usepracticeswithin this RU
includetimbercuttingandlivestock grazing.
Productssuchasvigas (small- to medium-
diametertrees,generally30-35cm dbh,used for
traditionalsouthwestceilingbeams),latillas
(small-diametertrees,generally10cmdbh apsen
saplings, used fordecorative southwestceilings
or fences),and fuelwoodareharvestedfor
personaluse.Recreationalactivities innorthern
New Mexico includeskiing, off-road driving,
hiking, camping,andhunting. Other landuses
includeoil, naturalgas,and mineraldevelop-
ment,andpipelinecorridors.

Upper Gila Mountains

The UpperGilaMountainsRU (Figure.
II.B.6) is based onthe UpperGila Mountains
ForestProvince(Bailey 1980).Williams (1986)
refersto this areaas the Datil-Mogollon Section,
partof aphysiographicsubdivision transitional

betweenthe Basin andRangeandColorado
PlateauProvinces.This complexarea consists
of steepmountainsanddeepentrenchedriver
drainages dissectinghigh plateaus.The
Mogollon Rim, a prominentfault scarp, bisects
theunit.

McLaughlin (1986) described a“Mogollon”
floral elementin this region.The vegetationis a
zonalpatternof grasslandsatlower elevations
upward through pinyon-juniperwoodlands,
ponderosapine,mixed-conifer,andspruce-fir
forestsat higherelevations.Many canyons
containstringersof deciduousriparianforests,
particularlyat low andmiddle elevations.This
unit containsthelargestcontiguous ponderosa
pineforest in NorthAmerican, anunbroken
bandof forest25 to 40 miles wideandapproxi-
mately300 mileslong extendingfrom north-
central Arizonato west-centralNew Mexico
(Cooper 1960).

Mexicanspottedowls arewidely distributed
anduse avarietyof habitatswithin the Upper
Gila MountainsRU. Owls aremostcommonin
mixed-coniferforestsdominatedby Douglas-fir
and/orwhite fir andcanyonswith varying
degreesof forest cover(GaneyandBalda 1 989a,
GaneyandDick 1995). Owlsalso occurin
ponderosapine-Gambeloakforest,wherethey
are typically foundin standscontainingwell-
developedunderstoriesof Gambeloak.

Federal lands,mostlyFS,encompass44% of
this RU (Table II.B.1). Tribal landsaccountfor
11%, privatelyownedlands42%,and State
lands 3%. Thegreatestconcentrationof the
known Mexicanspottedowl populationoccurs
within this RU, andmostknownowl locations
occuron FS andTribal lands(Ward etal. 1995).

Manyspottedowls arefound within wilderness
areasin this RU with the GilaWilderness
supportingthe largestknownwildernesspopula-
non.

Themajor landusewithin this RUis timber
harvest.All of the NationalForestsas well asthe
Fort ApacheandSanCarlos IndianReservations
haveactive timbermanagementprograms.
Fuelwood harvest,includingbothpersonaland
commercialharvest,occursacrossmuchof this
unit. Livestockgrazingis ubiquitouson FS lands
andwidespreadover largeportionsof the Fort
ApacheandSanCarlos IndianReservations. In
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Figure II.B.6. CJpper (;ila Mountains Recovery Unit.
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addition, recreationalactivities suchas hiking,
camping,andhuntingattractmanypeople to
this RU.

Basin and Range- West

The BasinandRange Area Province(USGS
1970, Bailey 1980) providedthebasisfor two
RUs (Figure.1I.B.7). Wesubdividedthe Basin
andRange areainto easternandwesternunits
usingthe ContinentalDivide asthe partition
betweenthese units.The division wasbased on
differences inclimaticand florisric characteristics
betweentheseareas.The Basin andRange- West
flora is dominatedby Madreanelements while
the BasinandRange- Eastunit showsmore
RockyMountainaffinities (Brownet al. 1980).

Geologically,the Basin andRange- West
RU exhibitshorsrandgraben faulting (Wilson
1962) with numerousfault-block mountains
separatedby valleys. Complexfaulting and
canyon carvingdefine thephysical landscape
within thesemountains. Theseranges include,
but are nor limited to, the Chiricahua,
Huachuca,Pinaleno,Bradshaw, Pinal,Santa
Catalina,SantaRita, Paragonia,SantaTeresa,
Arascosa,Mule, Dragoon,Peloncillo,Mazarzal,
and Rincon Mountains.

Vegetation rangesfrom desertscrublandand
semi-desertgrassland inthe valleysupwardsto
monraneforests.Monranevegetationincludes
interior chaparral,encinalwoodlands,and
Madrean pine-oakwoodlandsat low andmiddle
elevations,with ponderosapine,mixed-conifer,
andspruce-firforestsat higherelevations (Brown
eral. 1980). Isolatedmountainrangesare
surroundedby SonoranandChihuahuandesert
basins.

Mexicanspottedowls occupyawide rangeof
habitattypeswithin this RU. The majorityof
owls occurin isolatedmountainrangeswhere
theyinhabit encinaloakwoodlands,mixed-
conifer andpine-oakforests,androcky canyons
(GaneyandBalda 1 989a,DuncanandTaiz
1992,Ganeyeral. 1992).

Federal landsencompass36% of this RU,
mostlyadministeredby the BLM followed by
theFS anda smallportionby the NPS(Table
II.B.1). Privatelyownedlandsamountto 220/a,

Stare lands 19%, Tribal lands(SanCarlos

MexicanSportedOwl RecoveryPlan

ApacheReservation)12%,andDOD lands
11%. Within this RU the Mexicanspotted
owl occupiesprimarily FS lands,and themajor-
ity occurwithin the Coronado NationalForest.
DOD landsalsosupportthe owl on Fort
HuachucaArmy Basein the Huachuca
Mountains.

Recreationdominateslandusewithin this
unit. Activities suchas hiking, birdwarching,
camping,off-road driving,skiing, andhunting
areparticularlypopular. Livestockgrazingis
widespreadbut mostintensiveatlow andmiddle
elevations.Urbanandrural developmentand
mining modif~e portionsof the Basin andRange
- West landscape.Timber harvest occursmainly
on the PrescottNationalForestandthe San
Carlos Apache IndianReservation.Accordingto
the Coronado NationalForestLandManage-
ment Plan, timbercutting is usedsparinglyto
enhancewildlife and recreationalvalues.Military
training maneuverstakeplacein andaround
Mexicanspottedowl habitaton Fort Huachuca
Army Base.

Basin and Range - East

We delineatedthe Basin andRange- East
RU (Figure. IJ.B.8) based ontheBasin and
RangeArea Province (USGS 1970)andthe
DesertandSteppic Ecoregions(Bailey 1980).
This RU is characterizedby numerousparallel
mountainrangesseparatedby alluvial valleysand
broad,flat basins.Williams (1986) refersto the
Rio GrandeRift as theseparationbetweenthe
Basin andRangephysiographic provinceandthe
ColoradoPlateauandUpperGila Mountains
physiographicprovinces.The climatefeatures
mild winters, as indicatedby the presenceof
broad-leavedevergreenplantsat relativelyhigh
elevations(USDA 1991).

Regionalvegetationrangesfrom Chihua-
huandesertscrublandandGreatBasin grass-
landsat low elevations,throughGreatBasin
woodland (pinyon-juniper)atmiddle elevations
to perranmontaneconiferousforestsathigh
elevations (Brown eral. 1980). Montanehabitat
includesponderosapine,mixed-conifer,and
spruce-firforestsand is patchilydistributed
throughoutthe highermountainranges. Cot-
ronwoodbosquesas well as otherriparian
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vegetationexistalongthe RioGrandecorridor.
Monraneandespeciallyripariancommunities
havebeenalteredconsiderablyby humanactivi-
ties.

Mexicanspottedowls occurin the isolated
mountainranges scatteredacrossthisRU. They
aremost commonin mixed-coniferforest but
arealso found in ponderosapineforest and
pinyon-juniperwoodland(SkaggsandRairt
1988).The owl hasbeenfoundwithin mixed-
conifer canyonhabitatin the GuadalupeMoun-
tains(McDonalder al. 1991).

Of the Basin andRange- EastRU landarea,
privatelandsencompass35%, Federal lands
48%,State lands12%,andTribal lands 5%
(Table II.B.1). The Mescalero ApacheIndian
Reservation comprisesthe largestportionof the
Tribal lands.The majorityof knownMexican
sportedowls arelocatedon FS lands,with some
foundon NPSandTribal lands.

Dominant landuseswithin this RU include
timbermanagementand livestock grazing.
Recreationalactivities suchas off-road driving,
skiing, hiking, camping,andhuntingarealso
locally commonwithin the RU.

MEXICO

Conservingits naturalresources hasbeena
significantchallenge forMexico. To meetthe
challenge, theNationalSystemof Protected
Areaswas formed; in Marchof 1988, theGen-
eral Law of Ecological BalanceandEnvironmen-
tal Protectionwas implemented.A total of 5,992
~2 (almost600,000ha) hasbeendecreedas
ProtectedNaturalAreaswithin the RUs. This
expanse hasbeenclassifiedinto ninecategories
accordingto the managementobjectivesandthe
legal usesof particularareas.The categories
include: (1) BiosphereReserves,(2) Special
BiosphereReserves,(3) NationalParks,(4)
National Monuments,(5) National Marine
Parks,(6) Areasof Protectionof NaturalRe-
sources,(7) Areasof Protectionof Landand
AquaticWildlife, (8) UrbanParks,and (9) Areas
Subject toEcologicalConservation. Overall,
thereare threetypesof landtenancyexist in
Mexico: (1) Federallands, whichinclude
different institutionsof theFederalGovernment
suchas ProtectedNaturalAreas;(2) ejidalland,

which includeslandallottedby theMexican
Governmentto apersonor community,for
agriculture,forestry,mining, or otheruses;and
(3) private land.

The five RUs in Mexico includeSierra
MadreOccidental- Norre, SierraMadre Orien-
ral - Norre,SierraMadreOccidental-Sur, Sierra
MadreOriental - Sur, andEje Neovolcanico
(Figure. II. B.2). Threemajorphysiographic
provinces were used inthedelineation:Sierra
MadreOccidental,SierraMadreOriental,and
SisremaVolcanicoTransversal(Cuanaloer al.
1989). Criteriaused todelineateRUs in Mexico
were similar tothatused toconformthe RUs in
the UnitedStates.Thesecriteria,listed in order
of importance,were: (1) distributionof the
sportedowl, (2) local vegetation,(3) physi-
ographicfeatures, (4)administrativeboundaries,
and (5) potentialthreatsto theconservationof
the owl andits habitat.

Owl distributionis disjunctacrossMexico.
Williams andSkaggs(1993) reportspottedowls
at 53 locationsin 11 mainlandMexican States.
Althoughvegetationtypes differthroughout
each RU,oak andpine-oakforest typesappeared
to becommonlyassociatedwith owl habitatin
mostor all RUs. Theseoakspeciesincluded
Quercusresinosa,Q. gentryi, Q. eduardii, Q.
grisea, Q. chihuahuensis,Q. potosina/Q.Zaeta,and
Q. coccolobJo/ia. Further,Pinusteocotewas the
mostcommonpineoccurringon upper mesas
andoccasionally onnorth-facingslopesin some
areaswhereowls werefound. Landuseswithin
all RUs includetimbercutting,cattleandsheep
grazing,fuelwood gathering,andclearingfor-
estedareasfor agriculture.Although, theseland
usesare practicedin different amountsthrough-
our each RU,the majorityoccurwithin ejidos.
The following narratives describedominant
physicalandbioric attributes,distributionof
owls, andland administration andownership
of eachunit.

Sierra Madre Occidental - Norte

Coveringan enormousarea,the Sierra
MadreOccidental- Norre includespartsof the
Staresof Chihuahua,Sinaloa,Durango,and
Sonora. In general,this areais characterizedby
isolatedmountainrangessurroundedby both
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narrowandwide valleys.Vegetationcommuni-
ties consistof pine-oakforest,tropicaldeciduous
forest,oakforest,microphyll shrub,andgrass-
land.

Mexicanspottedowls havebeen reportedin
the northernandwesternportionsof this RU. A
recent studyin Sonorafound 12 sires in isolated
mountainranges(Cirert-GalanandDiaz 1993).
The owlsoccupiedcanyonsandslopeswith
various exposures,andmostwere found in pine-
oakforest. Inportions of Chihuahua,25 owls
werelocatedat 13 differentlocalities inseveral
mountainranges(Tarango eral. 1994). Most
owlswere found in small, isolatedpatchesof
pine-oakforest incanyons.

Records forthe Stateof Sinaloaare limited.
Thereareat leasttwo recordsfrom thehigh
RanchoLiebre Barranca,neartheSinaloa-
DurangoStateline (Williams andSkaggs1993).
Thesesiresweredescribedasdeep canyons
containingpine-oakandsubtropicalvegetation
(Alden 1969).

Private landscomprise74%,ejidos 25%,and
Federal lands 1%of thetotal landwithin this
RU (Table II.B.2). Chihuahuahas twoNational
Parks:Cascadasde Bassaseachic,andCumbres
de Majalca.This RU alsoincludesLa Michilia
BiosphereReserve,locatedin Durango.Bio-
sphereReservesareprotectedareaswith
relativelyunalteredlandscapesand contain
endemic,threatened,or endangeredspecies.

Sierra Madre Oriental - Norte

The SierraMadre Oriental - Norreincludes
the centralportionof the Stateof Coahuila. This
areais characterizedby broadmountainranges
surroundedby valleys. Vegetationconsistsof
grasslands,mesquitewoodland,dwarfoak
groves,submontaneshrubland,desertshrubland,
crasicauleshrub,andpine-oakand oakforests.

Two owl recordsare reportedfor this RU. Ar
one of thesesiresan owlwas observedroosring
in a canyonbottomundera densecanopyof
maplesandoaks. Vegetation in theothercanyon
was describedas “garden-like,”containingpines,
oaks,andmadrones(Williams andSkaggs
1993).

Lands inthis RU arealmostentirely pri-
vatelyowned(TableII.B.2). Private landsen-
compass over99%andejidoscomprise< 1% of
the total landarea.No ProtectedNaturalAreas
of anycategoryexist in thisRU.

Sierra Madre Occidental - Sur

The Sierra MadreOccidental- Sur RU
includespartsof the Statesof Durango,
Zacarecas, SanLuis Porosi, Aguascalienres,
Jalisco,Nayarir, Quereraro,andGuanajuaro.In
general,this areais characterizedby isolated

Table IL.B.2. Land ownership patterns (thousandsofhecrares) in Recovery Units within Mexico.

Land Ownership SMOcNi SMOrN2 SMOcS3 SMOrS4 ENV5

Ejidos6 4,783 28 1,220 235 441
PNAs7 46 0 38 250 274

Private 14,100 7,506 2,075 1,630 5,306

Total 18,929 7,534 3,333 2,115 6,021

SierraMadre Occidental- Norre RU

SierraMadreOriental- Norte RU
SierraMadre Occidental- Sur RU
SierraMadre Oriental - Sur RU
Eje NeovolcanicoRU

6 Ejidos are-lands allocatedby theMexican Governmentto a personor community, to be
usedfor agriculture,forestry, mining, etc.

- ProtectedNaturalAreas
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mountains,valleys,andseverelydissectedcan-
yonsandgorges.Vegetationincludesmesquite
woodland,submontaneshrub,grasslands,pine-
oakforest, crasicauleshrub,low tropicaldecidu-
ous forest,anddesertshrubland.

Recordsexist for owls in LaMichilia Bio-
sphereReserve.In addition,Mexicanspotted
owls haverecentlybeenfound in Aguascalienres
neartheborderof Zacarecas, inthe SierraFria
(Williams andSkaggs1993).Owl recordsalso
exist within GuanajuaroState.

Private landscomprise62%,ejidos 37%,and
Federal lands 1%of this RU (Table II.B.2).
Federal landsincludetwo NationalParks:El
Climararioin QuereraroStare,andGogorronin
theStateof San LuisPorosi.In addition,this RU
includesMariposa MonarcaSanctuary, aSpecial
BiosphereReserve.The SpecialBiosphere
Reserveshaveoneor moreecosystems, are
relatively unalteredby anthropogenicactivities,
and containendemic,threatened,or endangered
species.

Sierra Madre Oriental - Sur

The Sierra MadreOriental - Sur includes
partsof the Statesof Coahuila,NuevoLeon,and
Tamaulipas.This RU is characterizedby long
ridgeswith sharppinnacles,narrowvalleys,anda
few plateaus. Vegetation consistsof pineforest,
submontaneshrublands,dwarfoak, anddesert
roserofiloshrublands.

Mexican sportedowls havebeenfound in
the southernportions of Coahuila(Williams and
Skaggs1993)and in Tamaulipas(Ward eral.
1995).The owlswere found in oak,pine,
juniper, andmixed-coniferforests.They were
reportedto use cliffsitesfor nestingandroost-
ing.

Five locationshavebeen reportedin Nuevo
Leon.Thesesites weredescribedas pine-oakand
mixed-coniferforestswith largecliffs having
northeastexposures.

This RU is comprisedof 77% privateprop-
erty, 12% Federallands,and11% ejidos(Table
II.B.2). The Federal landsincludeoneNational
Park,CumbresdeMonrerrey in NuevoLeon.
NaturalMonumentCerrode laSilla, in Nuevo
Leon, is alsowithin this RU. NaturalMonu-
mentspossessoneor moreelementsof national
significance.Theseelementsmaybe sitesor
naturalobjectsthathavebeenplacedunder
absoluteprotectionbecauseof their unique and
exceptionalmakeup,aestheticinterest,and/or
historical or scientific value.

Eje Neovolvanico

The Eje NeovolcanicoRU coversportions
of manyStatesincludingJalisco,Michoacan,
Guanajuaro,Quereraro,Hidalgo, Mexico,
Guerrero,Puebla, Morelaos,TlaxcalaVeracruz,
andOaxaca.This RU is characterizedby volca-
nic conesseverelydissectedby ravines.The
areaalso includesroundedhills, slopes,and
plateaus.Vegetationcommunitiesincludepine-
oakforest, grassland, lowtropicaldeciduous
forest, crasicaule shrub,oakforest,juniper forest,
pineforest,mesquitewoodlands,anddesert
shrublands.

Mexicanspottedowls havebeen reportedin
Jalisco onthe volcanoof CerroNevadode
Colima (Voacande Nieve). Vegetation inthis
area consistsof pine-oakforest.OneMexican
sportedowl was collectednearthe city of
Uruapanin the Stateof Michoacanat Cerro de
Tanciraro.However, thisareais now urbanized
andno longercontainsowl habitat.Although
otherstates inthis RU appearto contain suitable
owl habitat,Jaliscois theonly Stateknownto
haverecentrecordsof spottedowls.

This unit is comprisedof 88% privatelands,
5% Federallands,and7% ejidos (TableII.B.2).
This RU includes19 NationalParks, 1 Special
BiosphereReserve,and 1 Areaof Protectionof
LandandAquaticWildlife.
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C. DEFINITIONS OF FOREST COVER TYPES
James L. Dick, Jr.,JosephL. Ganey,andWilliam H. Moir

ThisRecoveryPlan proposesspecific
guidelinesfor severalforest cover types,includ-
ing mixed-conifer,pine-oak,andriparianforests
(III.B). This is basedon: (1) considerableevi-
dencethat these covertypesareof specific
importanceto theMexican spottedowl in terms
of providinghabitatfor nesting,roosring,and
foraging activities(GaneyandDick 1995); and
(2) theTeam’sdesire to target guidelines for the
mostappropriatehabitatsandavoid imposing
restrictionswherespecificguidelines toprotect
sportedowl habitatareunwarranted.

Numerous treatmentsdealwith theconcepts
of classifyingvegetationto cover orhabitattypes
(e.g., Daubenmire1952, 1968, Pfisrer1989).

Theseconceptswill not bereviewedin any
depthhere. Ingeneral,we accepttheview that
thebasicunit of classificationof climax vegeta-
tion is the plant association (Kuchler1964,

Daubenmire1968, Pfisrer 1989). Theseassocia-
rions aredefinedusinginformationon present
speciescompositionandsuccessional pathways.
The problem withapplyingguidelines toplant
associationsis thatmanyforestsin thesouthwest
mayandshouldnot be in or evenneara climax
conditionbecauseof the frequencyandintensity
of disturbanceeventsin theseforests.Forex-
ample, in ananalysisof Mexican spottedowl
habitaton theAlpine RangerDistrict, Apache-
SirgreavesNationalForest,theTeamdetermined
thathabitatclassificationsbasedon current and
climax vegetationgavevery differentresults.
Basedon currentvegetation,importantroosring
and nesting habitattypedour as mixed-conifer
forest,whereasa classificationbased onpotential
naturalvegetation(PNV) typed manyof these
areasas spruce-firforest.This pointsour the
needfor clear, operationaldefinitionsof cover
typesto be usedwhenapplyingguidelinesunder
this Plan.

In this section,we first review someof the
relevantliteratureon forest covertypes in the
southwest,andthenprovide operationaldefini-
tionsanda simplekey thatshould allow land
managers toclassifylands in amannercompat-
ible with the recommendationsprovidedin this

Plan. Our intent is not to providea comprehen-
sive classificationschemehereor to supplant
extantclassification schemes.Rather,our intent
is to provideguidanceto landmanagerscharged
with applyingRecoveryPlanguidelinesandto
facilitate uniform applicationof guidelinesacross
administrativeboundaries.

LITERATURE REVIEW

Extensiveliteratureexistson bothvegetation
classificationin generalandon classification
systemsfor southwesternforests.Our intent is
nor to reviewthat literatureexhaustively,but to
presentan overviewof someclassification
systemscurrentlyin use.This informationwill
providethe backgroundfor discussionof forest
typedefinitions relevant tothisPlan.

Soil temperature(STR) andmoisture(SMR)
regimesprovideonepossibleapproachto classi-
fying forest types.STR andSMR maybe used to
conceptualizethreemajorgroupsof covertypes
in the southwesternUnitedStares.Ponderosa
pineforeststypically occur wherethe STRis
frigid or (in southernArizonaandsouthwestern
New Mexico) mesicandwherethe SMR is usric.
Spruce-fir forestseverywhereoccuron soils of
cryic SMR,whereasmixed-coniferforestsare
uniquely udicand frigid in their SMRandSTR,
respectively.The implication is thatthese soil
parameterspartition the soilenvironmentinto
three mutuallyexclusivebut all encompassing
classes(USDA 1991).Theseclassesare generally
consistentwith the threemajor forest type
groupsmentioned.

Most vegetation-classificationschemes,
however,arebased oneitherexisiringvegetation
or on acombinationof existingvegetationand
knowledgeof successionalpotential (Layserand
Schubert1979). Eyre (1980) discussedthe
practiceofdefining forest cover typeson the
basisof “presentoccupancyof an areaby tree
species.” He furtherdescribed thepracticeof
namingforest typesafter thedominanttree
species.Dominancewas determinedby relative
proportionsof basalarea,and the typenamewas
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usuallyconfinedto oneor two species.An added
requirementwas that aspeciesmustcontribute
at least20% of the total basalareato be used in
the typename.

Numerousauthorshaveexpandedon this
approach,anddevelopedandrefinedclassifica-
nonsystems forsouthwesternforestsbasednot
only on existingvegetationbut also on estimated
sire potential.Thesetreatmentsare discussed
below.

PonderosaPine

The ponderosapineforest typeoccurs in
what Moir (1993)describedas the LowerMon-
raneConiferousForest.Forests inthiszoneare
dominatedby pines,sometimesco-occurring
with junipersandoaks.The climate is sometimes
borderlinefor forests,with moisturebecoming
limiting in theupperportionsof the soil profile
duringpart of the longgrowingseason.Moir
(1993) includedthe following seriesin this
general foresttype: Ponderosapine - Gambel
oak, Ponderosapine - silverleafoak, Ponderosa
pine - pinyon pine - Gambeloak,Ponderosa
pine - pinyon pine - gray oak,andChihuahua
pine.

LayserandSchubert(1979)describedthe
PonderosaPineSeriesas beinggenerallydomi-
natedby the RockyMountainvarietyof ponde-
rosapine (var. scopulorum),except insoutheast-
ern Arizona,wherePinusponderosavat. arizonica
dominates.This seriesoccurs inareasthatare
generally too warm or toodry for Douglas-fir
and/ortrue firs. Gambel oakis oftena long-lived
seralspecies.The PonderosaPineSeriesin the
southwestis generallymorecomplexthanthat
describedfor the northernRockyMountains,
becauseof the additionalassociated treespecies
andthe presenceof two varietiesof ponderosa
pine(LayserandSchubert1979). Hankser al.
(1983),Alexanderer al. (1984a),Alexanderand
Ronco (1987),DeVeliceer al. (1986),and
Firzhugher al. (1987) providefurtherdiscussion
of the PonderosaPineSeriesandassociated
habitattypesandphasesin the southwestern
United States.

Mixed-Conifer

Mixed-coniferforestsin thesouthwestern
United Statesgenerallyapproximateto the
UpperMonraneConiferousForest discussedby
Moir (1993). Mixed-coniferforestsaremost
commonbetween approximately2,440and
3,050 m (8,000-10,000feet) in elevation,but
mayoccur higheror lower dependingon topog-
raphyandaspect.In particular, mixed-conifer
forestmayextendto lower elevations incanyon
systemsandcold-air drainages.

Southwesternmixed-coniferforestsare
amongthe mostcomplexforest typesknown,
exhibiting greatvariation in treecomposition
(USDA 1983). Overstoryspeciesin theseforests
include RockyMountainDouglas-fir,white fir,
RockyMountainponderosapine, quaking
aspen,southwesternwhite pine,limber pine,
andbluespruce.Forestsin anysuccessionalstage
maybe mixed-coniferif treeregenerationindi-
catesanyof theabovetreespecieswill assume
dominancein rime. Somestandsmayconsistof
only two species, whereasothersmaycontainas
manyas eight associates(USDA 1983). Gambel
oak and/orsilverleafoakmayshareoverstoryor
understory dominancewith the conifers in
mixed-coniferforests.Again, oneof the key
attributesof southwesternmixed-coniferis its
inherentvariability anddiversity.

Ar the warm/dryendof the environmental
continuum,mixed-coniferforest typically
inrergradeswith ponderosapine forest.Where
Douglas-fir,white fir, or bluespruce,either
singly or in combination, constituteless than
5% cover orareconsidered“accidental” in late
successional stands, these stands arenor included
in the mixed-coniferforest classification.

Ar the cold/wetendof the environmental
continuum,mixed-coniferforest typically
inrergradeswith subalpine spruce-firforest.
Where corkbarkfir (Abies lasiocarpavar.
arizonica),subalpinefir (A. lasiocarpa var.
lasiocarpa),or Englemannspruce,eithersingly
or in common, constitutemorethan5% of the
coveror are norconsidered“accidental,” the
forest is subalpineandno longerconsidered
mixed-conifer.

In additionto this generaldescription,
numerousauthorshave discussed aspectsof
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southwestern mixed-coniferforestsor classifica-
nonof southwesternforests.Pearson(1931)

described a“Douglas-fir Zone.” He statedthat
althoughDouglas-firis generallyregardedasthe
characteristictreeof this type, it rarely occurs in
purestands.Instead,it commonlyoccurs in
standswith white fir, limber or Mexicanwhite
pine,andbluespruce.Westernyellow pine(e.g.,
ponderosapine) is commonin the lower portion
of the type, andEngelmannspruceis common
in the upperportion.Quakingaspenis common
throughoutthe type.

Choare(1966) also describedDouglas-fir
forestsin New Mexico as seldom growingin
purestands.He also statedthatit mixeswith
ponderosapine atlower elevationsandwith true
firs andspruceat the upperlimits. White fir and
quakingaspenare commonassociatesthrough-
out theDouglas-firtype.

USDA (1992) describedold-growthat-
tributesby cover types,includinga “mixed-
speciesgroup” ForestCoverType, which in-
cludedthe Douglas-fir,white fir, bluespruce,
andlimber pineforest covertypes.Theyde-
scribed these mixed-species standsas havinga
rich diversityof vegetation,typically includingat
leastthreetreespecies.

Moir (1993) describedmixed-coniferforests
as uppermonraneconiferousforestsfeaturing
Douglas-fir,white fir, severaltall pinespecies,
bluespruce,andquakingaspen.He includedthe
following seriesin this generalforest type: Blue
Spruce,White fir - Douglas-fir, Douglas-fir-

SouthwesternWhitePine,White Fir - Douglas-
fir - PonderosaPine,Douglas-fir - Limber Pine -

Bristlecone Pine,Douglas-fir- GambelOak,and
Douglas-fir- Silverleaf Oak.Theseforestsare
very productivebecauseof ampleprecipitation
andsoils thatarewell wateredthroughoutthe
long growingseason.

FletcherandHollis (1994) described mixed-
conifer forestcover typesas thosedominatedby
Douglas-fir and/orwhite fir, usuallycontaining
varyingamountsof ponderosapine, southwest-
ern white pine,and/orlimber pine.Hardwood
species,includingrocky mountainmaple(Acer
glabrum), boxelder(A. negundo),bigroothmaple
(A. grandidentatum),Gambeloak, quaking
aspen,andotherhardwoodspeciesmayalso be
present.Douglas-firand/orwhite fir typically

compriseat least40 percentandhardwood
specieslessthan40 percentof the standbasal
area.Conifers typicalof higherelevations, such
as Engelmannspruce,bluespruce,and/orsub-
alpinefir mayoccuras “accidenrals,”or provide
lessthanabout5% cover in late successional
stands.

LayserandSchubert(1979),Moir and
Ludwig (1979),Alexandereral. (1984a,b),
AlexanderandRonco(1987), Youngbloodand
Mauk (1985),DeVeliceeral. (1986),and
Firzhughetal. (1987) all discussedclassification
of forest typesin general ormixed-coniferforest
types inparticularin thesouthwesternUnited
Stares.Thesetreatmentsvarysomewhat,possibly
becauseof regional differences inforest types.A
general consensus,however,indicatesthat
mixed-coniferforest typesgenerallyfall in the
following four series:Abiesconcolor, Psuedotsuga
menziesii,Pinusfiexilis,or Piceapungens.

Spruce-Fir

Spruce-firforestsin thesouthwesternUnited
Staresgenerallycoincidewith the Subalpine
ConiferousForest discussedby Moir (1993).
Thesearehigh-elevationforestsoccurring on
cold sires.Theyhaveshort growingseasons,
heavy snowaccumulations,andstrongecological
and florisric affinities to cold forestsof higher
latitudes. DominanttreesincludeEngelmann
spruce,subalpineand/orcorkbarkfir, or some-
timesbristleconepine.Moir andLudwig (1979)
includedthePicea engelmanniiandAbies
lasiocarpaSeriesin thegeneralspruce-firforest
type. Moir (1993) includedthe following series
in thisgeneral forestgroup: Bristleconepine,
Engelmannspruce- bristleconepine, corkbark
fir - Engelmannspruce,Corkbarkfir - Engel-
mannspruce- white fir, Engelmannspruce-

Douglas-fir, andEngelmannspruce- limber
pine.

Other Forest Types of Interest

Chihuahua Pine

The Pinus leiophylla Series is describedby
LayserandSchubert (1979).This seriestypically
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containsa diversemixture of conifersand
evergreenoaks.The conifer componentis
extensiveenoughto characterizethisseriesas
forest ratherthanwoodland.Dominantconifers
are typically Chihuahuapine,Apachepine,and
Pponderosavar. arizonica(LayserandSchubert
1979).This seriesis Madreanin affinity and,
within the U.S., is restrictedto centraland
southernArizonaandsouthwesternNew Mexico
(Brown eral. 1980).Moir (1993) includedthis
typein the Lower MonraneConiferousForest
group.

Quaking Aspen

Quakingaspenis a specialfeatureofwestern
landscapes. Jris a majorseralspeciesin the
following series; Abieslasiocarpa,Piceapungens,
andAbiesconco/or.It is a minor seralspeciesin
the Picea engelmaunii,Pseudotsugamenziesii,and
PinusponderosaSeries(LarsonandMoir 1986).
As such,quakingaspenshouldbe acommon
componentof these landscapesundernatural
disturbanceregimes.

Riparian Forests

Numerousauthorshave discussedclassifica-
tion andecologyof riparianforestsin thesouth-
westernUnitedStates(e.g., PaseandLayser
1977, LayserandSchubert1979,Brown eral.
1980,Medina 1986,Szaro1989). In general,
southwesternriparianforestsaredominatedby
variousspeciesof broadleaveddeciduoustrees
andshrubs.Treescommonin adjacent uplands,
suchas conifers, oaks,andquakingaspen,may
occurin associationwith ripariantrees,but
generallydo nor dominate thesite (Brown
1982).

PLAN DEFINITIONS

Our classification schemeis primarily
concernedwith a subsetof the availableforest
types in thesouthwesternUnitedStares. Weare
interestedin bothpotentialandexistingvegeta-
non. Consequently,our schemeis a hybrid of
classificationschemes based onpotentialvegeta-
non (series,associationand habitattype) and
forest covertypesbased on existingvegetation.

Threetermsused inour definitions require
clarification here. These are“pure,” “majority,”
and“plurality.” Variousdefinitionsexist to
describewhat constitutesa purestand.Daniel er
al. (1979) describedpurestandsas thosewhere
>90% of the dominantor codominanttreesare
of asingle species.A standmayhave anunder-
storyof otherspecieswithout changingthepure
designation.The key to this conceptis the
distinction betweenthedominantandcodomi-
nantspeciesandthe understory component.In
contrast,Eyre (1980) defineda purestandas one
where >80%of the stockingis by onespecies.

For purposesof this plan,we usetheterm
pureto refer toanystand wherea singlespecies
contributes>80%of the basal areaof dominant
andcodominanttrees.We use theterm majority
to refer to thesituationwherea singlespecies
contributes>50%of the basal area(Eyre 1980).
We usetheterm pluralityto refer tothe situa-
nonwherea species(or groupof speciesof
interest) comprisesthe largestproportionof a
mixed-speciesstand(Eyre 1980).

With thesedefinitionsandconceptsin
mind, definitions for specific forest covet types
are providedbelow.

PonderosaPine Forest

We definethe PonderosaPineForest Type
as:

1. Any forestedstandof thePinusponderosa
Seriesnor includedin the Pine-Oak
Forest Type(seebelow), or;

2. Any standthat qualifiesas pure(Eyre
1980) ponderosapine,regardlessof the
seriesor habitattype.

Pine-oak Forest

A numberof habitattypesexist in the
southwesternUnitedStatesthat could bede-
scribedas pine-oak.Most of thestands relevant
to recoveryof the Mexicanspottedowl fall
within two series,thePinusponderosaSeriesand
the Pinusleiophylla Series.Presentevidence,
however,suggeststhat theformerseriesincludes
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many areasthat could neverattain thetypeof
forest structuresoughtby spottedowls for
roosringandnesting.Therefore,in an attemptto
avoid needlesslyrestrictingmanagementoptions
on landsnor used toanygreatextentby the
sportedowl, we proposethe following opera-
rional definition for pine-oakforest underthis
Plan:

1. Any standwithin the Pinus leiophyl/a
Series.

2. Any standwithin thePinusponderosa
Seriesthat meetsthe following criteria
simultaneously:

a) Habitattypesthat reflect Quercus
gambeliior aQuercusgambeliiphase
of the habitattype.

b) The standis locatedin either the
UpperGila MountainsRecovery
Unit, the Basin andRange-West
RecoveryUnit, or theZuni Moun-
rains orMount Taylor regionsof the
ColoradoPlateauRecoveryUnit.

c) =10%of the standbasalarea or
2.3 m2/ha (10fr2/ac) of basal area

consistsof Gambeloak> 13 cm
(Sin) diameterat root collar.

3. Any standwithin the Basin andRange-
WestRecoveryUnit of anyotherseries
thatmeetsthefollowing criteria
simultaneously:

a) A plurality (Lyre 1980) of the basal
areaexists in yellow pines(ponde-
rosa,Arizona, Apache, orChihua-
hua).

b) =10%of the standbasalareaor
2.3 m2/ha (10fr2/ac) of basalarea

consistsof anyoaks>13 cm (5 in)
diameterat root collar.

Mixed-conifer Forest

Naturalvariability is high within this forest
typeandhasbeenincreasedby bothnaturaland
human-causeddisturbances. Despitethis vari-
ability, an extantclassificationschemebased on
seriesand habitattypes (Hankser al. 1983,
LayserandSchubert1979,Alexandereral. 1984
a, b; AlexanderandRonco 1987, Youngblood
andMauk 198S,DeVeliceer al. 1986, Firzhugh
er al. 1987) is available.This classificationsystem
is in widespread useandhasmultiple-agency
support.Given thatbackground,we propose
usingthatsystemas a startingpoint in defining
mixed-coniferforest,with someaddedrefine-
ments.Specifically,we proposethat:

1. The definition of mixed-coniferforest
generally beconfinedto the following
series(LayserandSchubert1979) and
associatedhabitattypes(afterauthors
listedabove):Abiesconcolor, Pseudotsuga
menziesii,Pinusfiexilis, or Piceapungens.

Within thisframework,we providethe
following exceptions tothe generalguideline
listed above:

1. Any standwithin the Pinusaristata,
Picea engelmannii,or Abieslasiocarpa
Seriesnor havinga plurality (Lyre 1980)
of basal areaofanyof Pinusaristata,
Picea engelmannii, Abieslasiocarpa, or
Pinusponderosa,singly or incombina-
non, shouldalso be definedas mixed-
conifer.

2. Standsthatcan be describedas “pure” for
coniferousspeciesotherthanDouglas-
fir, white fir, southwesternwhite pine,
limber pine,or bluespruce shouldbe
excludedfrom thebroadcategoryof
mixed-coniferfor the purposesof Plan
implementationregardlessof the series
or habitattype. By pure, wemeanthat
onespeciescomprises80% or moreof
the dominantandcodominanttrees
(Lyre 1980).
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3. Standsof mixed specieswith =50~/oof
the basalareaconsistingof quaking
aspenshouldbe definedas quaking
aspen for the purposesof Planimple-
menrarionregardlessof the seriesor
habitattype.

High-elevation Forests,
Including Spruce-fir Forest

We definethis foresttypeas:

1. Any standof the Pinus aristata,Picea
engelmannii,or Abieslasiocarpa Series
thatmeetsthe following criteria:

a) The majority (Eyre 1980)of stand
basalarea consistsof anyof the three
specieslistedabove,either singly or
in combination,or;

b) Any standthatqualifies as a pure
stand(Lyre 1980) of anyof these
species,regardlessof theseriesor
habitattype.

Quaking Aspen

We proposethat any standswith =50%of
the basal areaconsistingof quakingaspenbe
definedas quakingaspen.

KEY TO FOREST COVER TYPES

1. Treesdeciduousandbroadleaved,often

confinedto floodplain,drainageway, or
canyonbottom (LayserandSchubert
1979) RiparianForest

1. Dominant treesevergreenandneedle-
leaved 2

2. Series= Psuedotsugamenziesii,Abies
conco/or,Pinusfiexilis,or Picea
pungens 3

2. Seriesnot asabove S

3. >8O~/o of dominantandcodominant
treesare speciesotherthanPseudotsuga
menzzesii,Abiesconcolor,Pinus
srrobifrrmis, Pinusfiexilis,or Picea
pungens Classify by dominant

species

5. Standnor as above 4

4. Populustremuloidescontributes
>50%of standbasalarea

Quaking Aspen Forest

4. Nor asabove Mixed-conifer
Forest

5. Series= Pinus leiophylla Pine-oak
Forest

5. Seriesnor asabove 6

6. Series= Pinusponderosa 7

6. Seriesnor asabove 10

7. Habitattypeor phase includesQuercus
gambelii 8

7. Nor as above Ponderosa
Pine Forest

8. Area is located withinUpperGila
MountainsRecoveryUnit, Basin and
Range-WestRecoveryUnit, or the
southeasternportionof the Colorado
PlateauRecoveryUnit (Zuni Mrns.,
Mr. Taylor) 9

8. Area nor locatedasabove
PonderosaPine Forest

9. >10% of standbasalarea or 2.3 m2/ha
(10 fr2/ac) consistsof Quercusgambelii>
13 cm (5 in) diameterat root collar. ..

Pine-oak Forest

9. Nor as above Ponderosa
Pine Forest
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10. Series= Pinus aristata,Picea
engelmannii,orAbieslasiocarpa

11

10. Seriesnor as above 13

11. Stand can bedefinedas purefor either
Pinusaristata,Picea engelmannii.or Abies
lasiocarpa Spruce-fir Forest

11. Standnor asabove 12

12. Pinusaristata,Picea engelmannii,
orAbieslasiocarpacontribute >50%
of standbasal area,eithersingly or
in combination Spruce-fir

Forest

12. Standnoras above
Mixed-conifer Forest

13. Standlocatedin Basin andRange-West
RecoveryUnit 14

13. Standnor locatedas above Other

14. A plurality of standbasal areais
contributedby Pinusponderosa,
Pinus engelmannzz,or Pinus
leiophylla, either singly or in
combination 15

14. Standnot as above Other

15. =10%of standbasal area or2.3 m2/ha
(lOft2 ac) consistsof anyoak> 13 cm (5
in) diameterat root collar

Pine-oak Forest

15. Standnor as above Other
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D. CONCEPTUAL FRAMEWORK FOR RECOVERY
William H. Moir, JamesL. DickJr., WilliamM

Block,JamesP. WardJr., RobertVahle,
FrankP. Howe, andJosephL. Ganey

Thegoalof this Recovery Planis to recover
the Mexicansportedowl so that it no longer
requiresprotectionundertheLndangered
SpeciesAct. We submitthat this can bebest
achievedby ensuringa mosaicof all successional
stages,now andin thefuture, throughouta
landscapecomprisedof all known habitattypes
usedby the owl. In mixed-conifer,pine-oakand
riparianforests,this habitatmosaicmustcontain
standsadequatefor all life-historyrequirements,
includingnestingand roosring.

We agreewith the widelyheldbelief that
conditionswithin somesouthwesternforests
deviatesubstantiallyfrom thoseexistingprior to
Luropeansettlement.Moreover, foreststhrough-
out theU.S. rangeof theowl are athigh risk
from fire, insects,anddisease.The mechanisms
responsible forcurrentconditionare nor com-
pletely known,but synergisticeffectsof past
timberharvest,overgrazing,andfire suppression
areplausible explanations.The intentof this
RecoveryPlanis not to cast blameon any
particularaspectof pastmanagement,but to
outline the appropriatestepsneededto ensure
persistenceof the Mexicanspottedowl. Thus,
thebasis to maintainowl populationsis to
ensurethat adequatehabitatquality andquantity
will be sustainedthroughrime.Theseconditions
alsomust be within the natural rangeof varia-
non.

We recognize, however,thatmajorknowl-
edgegapsprecludeaccuratedescriptionsof the
natural rangeof variation andpresertlement
conditions.We cannotverify that fewer owls
exist todaythan100 yearsago, orvice versa.We
know little abouthabitatquality andhow
contemporarylandscapesandecosystemcondi-
tionscontributeto owl fitnessand population
persistence.Thus,managementof the owl
should proceedin an iterative fashion. Wemust
use thebestavailableknowledge to guidecurrent
management,recognizingthatnew information
from researchandmonitoringis critical for the
developmentof long-termmanagementplans.

Volume I/Part II

This Recovery Plan detailsashort-term(10-
15 years)strategyaimedat maintainingowl
habitatwhereit existsandinitiating a process to
develop a forestedlandscapethat includes
replacementhabitat.We presentlyhaveinsuffi-
cientknowledge todesigna strategythat will
answerall long-termconsiderations,suchas
allocationof standstructuresin spaceand time.
Underproposeddelisring criteria(III.A), the owl
couldbe delisredwithin this 10-15 years,render-
ing thisplanobsolete.

To achievethe recoverygoalsoutlined in this
Plan,management mustemulatenaturalecosys-
rem processesandlandscape mosaicsthatbal-
ancenaturalvariability andsecurethelandscape
againstcatastrophichabitatloss.Our recommen-
darionsassumethat populationstatusand
habitatconditionwill be monitoredin conjunc-
nonwith recoveryefforts for the Mexican
sportedowl (Part III). The managementrecom-
mendarionsarenor meantto stand alonewith-
our suchmonitoring.

ECOSYSTEM OR LANDSCAPE
MANAGEMENT

Volume 2summarizescurrentknowledgeof
theMexicanspottedowl’s basicnaturalandlife
histories,but a briefreiterationis appropriate
here. First, the owlis foundin a numberof
differenthabitattypes rangingfrom slickrock
canyons to cool, mesicforests.Second, the owl
has relativelylargehomeranges, typicallycon-
rainingmosaicsof vegetationtypesanddifferent
seralstagesand conditionswithin those types.
Third, the owl rakesnumerousspeciesof prey
andeachof thesespecieshasunique habitat
requirements.These factorsconsideredsimulta-
neouslystresstheneedto considermanagement
acrossspatialscalesrangingfrom sires to land-
scapesandto providethediversity of conditions
requiredfor the owl’s life history. Consequently,
we submit thatmanagementfor Mexican spot-
red owls mustbe viewedwithin the contextof
managingecosystems.
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How can ecosystemmanagementbe applied
to the Mexicanspottedowl? Lcosysremmanage-
mentshould sustainbioric diversityandthe
naturalprocessesandlandscapemosaicsthat
generatethat diversity (cf., Jensenand
Bourgeron1993, Franklin 1993, 1994;Diaz
andAposrol 1993, Kaufmanneral. 1994,

Williams 1994).The currentemphasisin
ecosystemmanagementis to usethe filter
approachdescribedby Hunter(1991).Two
“sizes” of filters, coarseandfine, areused.

The objectiveof the coarsefilter approachis
to maintainthe naturalarrayof conditionsthat
existwithin the bioric andphysical limitsof the
landscape.This would includespecialas well as
commonhabitats.Ideally, the arrayof condi-
tions providedby usingthecoarse-filterap-
proach shouldmaintain mostplantsandanimals
adaptedto natural conditions(Hunter1991).
This should includemostof thehabitatcondi-
tionsneededby the owlandirs prey.

In somecases,however,afine filter may be
requiredfor specifichabitats,or habitatele-
ments,thatfall through thecoarsefilter. With
respect tothe Mexicanspottedowl, thecoarse
filter is probablysufficient for mostforaging
habitats,but a fine filter maybeneededto
providenest androost sires.For example,the
owl prefers or needsparticularlandforms(such
as steep-walledcanyons),particular structures
(including snags,largetrees,largelogs, cavities
andotherplatformsfor nesting), matureforests,
andspecializedmicrohabirars.Thus,a fine-filter
analysisis requiredto identify andensurecon-
tinuing availability of theowl’s specifichabitat
needs.

In summary,the coarsefilter approachis
used to managethe overall landscape,and,if
properlyapplied,shouldsufficeto maintain the
naturalarrayof conditionson that landscape.
The fine filter is used toprovidespecialized
habitatsor habitatelementswithin that overall
landscape.

Two themesof the recoverymeasuresare
consistentwith theseprinciplesof ecosystem
management.The first themeis that the general
recommendationsof this RecoveryPlanprovide
conditionsfor the owl acrossthe landscape.This
landscapeshould provide nesting,roosring,
foraging,anddispersalmacrohabirarsin the

short term.This themeemphasizesprotecting
andmonitoringowl populations andhabitats.

The secondthemeacknowledgesthatecosys-
reinsare temporallydynamic,and thatprovi-
sionsareneededto ensureowl habitatin the
long term.As nestsiteschangeandare aban-
doned,new nestsiresshould developandbe-
comeoccupied. Allocationof mid- to lare-seral
forestsneededby spottedowls, andother spe-
cies,in futuredecadesrequires knowledgeof
forest disturbances,risks,andratesof succession
at differentspario-remporalscales.We outline
below somedisturbances,risks, andtools that
shouldbe consideredin managingpresentand
future owl habitat.

Fire

Fire is the mostrapidly actingof natural
disturbances.A crown fire can quicklyconsume
forestsacrossvast tracts. After a largecrown fire,
habitatcomponentsfor nesting,roosring,and
foragingare reducedor eliminated.Small-scale
naturalfires andprescribedburns,however,can
reducefuel loadingsandcreatesmall openings
and thinnedstandsthatincreasehorizontal
diversityand reducethespreadof catastrophic
fire. Small-scalefiresand lightning also create
snags,canopygaps,andlargelogs, plus they
perpetuate understoryshrubs,grasses,andforbs
which are importanthabitatcomponentsto the
owl, irs prey, andotherwildlife. Undernatural
fire regimesprior to 1890 these smallfires
occurredfrequently(Moody eral. 1992).

The risk of catastrophicfires is widespreadin
Southwesternforestsandwoodlands(Moody er
al 1992). Fuelaccumulationsandforestsover-
stockedwith treesplace spottedowl habitatat
risk with respect tostand-replacingfires. Figures
II.D.1-3 showthe changingfire recordfrom
1910 to 1992, based on recordscompiledatthe
FS SouthwesternRegional Office. BecauseFS
burn policieschangedduringthis periodandthe
useof prescribednaturalfire increased,interpre-
rationof these recordsis nor straightforward.In
general,however,thefigures documentan
increasein bothareaburnedper yearandin area
lost to catastrophic, stand-replacingfires.

The numberof total naturaland human-
causedfires generallydeclinedafter 1981 (Figure
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II.D.1), but thenumberoflarge fires (> 4 ha
[>10 acres])increasedat thesame rime (Figure
II.D.2). FigureII.D.3 showsthetrendclearly;
from 1985 to 1992thenumberof hecraresthat
burnedincreased.If the influenceof two excep-
rional fire years(1974 and1979) is removed,the
trendshownin FigureJJ.D.3 remains;thatis,
the numberof largefires increased.

Moody er al. (1992) estimatedthatabout
303,500ha [750,000acres]of mixed-conifer
forest within FS Region3 neededtreatmentto
reducefire risk in the next 10 years.Unmanaged
andunplannedconversionof largeareasof
forestsor woodlandsto earlyseralconditionsby
wildfire can disruptmanagementgoalsto main-
tain existingandto providefuture spottedowl
habitat (USDA1993c).

Characteristicsof manynest androost sires
of spottedowls placethemat high fire risk.
Somenest/roostlocationsatspecialtopographic
locations(suchas steep-walledcanyons or
isolatedplaces) may befire refugia,however.
Taking cue from these,onepromisingmanage-
ment tacticis to isolatenest/roostsites from the
adjoining high-riskforest by reducingflamma-
bility andfire spreadin a bufferaroundthe site.
This mustbedone,of course,without compro-
mising the site itself as nest/roosthabitat.

Inevitably, severeclimatic conditionswill
occurin the future, andextremefire yearsare
possible(SwernamandBerancourt1990). Given
thepresentconditionsof Southwesternforests,
extremefire yearscould result inholocausricfires
throughoutlargeportionsof the owl’s range.
Becausethe resultingdamage to owlhabitat
would be irreparablein the forseeablefuture,
efforts tolimit large-scalecatastrophicfires are of
utmost importancefor owl conservation.

Increased useof fire andothertools will be
neededto reducetheamountof forestat high
risk from stand-replacingfires. The Recovery
Team encouragesproactivefire management
programswhich assumeactive roles in fuels
managementand understandingthe ecological
role of fire. An exampleof such aprogramis the
oneemployedby the Gila NationalForest.

The RecoveryTeamrecognizesthat fire
technologymaynor beat the level of sophistica-
tion neededto maintainowl habitat andcreate
new habitat.Althoughwe advocate broadscale

useof fire in the Southwest,we alsostressthe
need toapproachtheuseof fire in an adaptive
management context.Prescriptionsthat main-
rain keystructuralfeaturesof owl andsmallprey
habitats shouldbe developedand rested.These
featuresincludelarge trees (which areoftenfire
resistant),snags,logs, andunderstory hardwood
trees.Treatmentsto produceor maintainsuch
habitatcomponents mustbe assessedby moni-
toting to evaluateif treatmentobjectiveswere
metin bothshortandlong terms.Wholesaleuse
of fire without understandingor monitoringirs
effectson habitatmayrenderareasunusableby
owls, andmayalsomiss opportunitiesto im-
prove our knowledgeof fire effects. Fireand
wildlife personnelshouldwork togetherto refine
fire prescriptionscompatiblewith maintenance
of importanthabitatelements.

Other Natural Disturbances

The vegetativecommunitiesthatprovide
habitatfor theMexicanspottedowl aredynamic
assemblagesof living plants,snags,logs, and
numerousorganismsactive in decayandnutri-
ent-cyclingprocesses.Herbivory, disease,and
structuralchangecausedby bacteria, fungi,
insects,andvertebratesarenaturalagentsof
change in forestandwoodlandcommunitiesand
occuratscalesrangingfrom individual trees to
landscapes.

Thesedisturbancescontributeto the forma-
nonof complexlandscape mosaicsin which
woodlandsandforestsconsistof aggregatesof
transientpatchesandgaps.Addedto this patchi-
nessarechangesof the structuralelementsof owl
habitatcausedby disturbancesatscaleslarger
thangaps.Climatechange,pollutants,andother
extensiveeventswill produceeffectsof magni-
rudesthat arepoorly understood(Davis 1989).

Although managementscarcelyinfluencesthe
primarydeterminantsof vegetationpattern
(geology,climate, andgenerics),management
canaffect vegetationby manipulatingthe extent,
severity,and frequencyof disturbance.

Landmanagersshouldrecognizethatnatural
disturbancescancreateandmaintaindiverseand
productiveecosystemsthat alwaysinclude,
somewhere onthelandscape, anadequate
amount and distributionof thevegetative
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Figure II.D.1. Historical recordof numberof total fires andnumberof naturalfires. Datafrom

USFSSouthwestern Region.
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Figure II.D.2. Historical record of fires over four hecrares insize.Shown arenumbersof fires and
areaburned.Datafrom USFSSouthwestern Region.
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FigureII.D.3. Five-yearrunningaveragesof areaburned.Datafrom USFSSouthwesternRegion
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elementsthat are therequiredhabitatfor the
Mexicanspottedowl. Theword “adequate”is
crucial.Adequacyis derivedfrom publicly
acceptablelandscape descriptions(desired
conditions),togetherwith useof thebestsucces-
sion, allocation,andlandscape-dynamic models
to guide managers inhow to get there.Adequacy
is testedby ongoingmonitoringandadaptive
management (III.C)andshouldnor be assumed
in the absenceof monitoring.

Insectsandmicroorganismscan be beneficial
aswell as destructiveagentsof plant succession
(Dinoor and Lshed 1984,Knauer1988,

Dickman 1992,HaackandByler 1993).These
organismsmayproducelarge-scalecommunity
changes afterperiodsof climatic stressthat
“predispose”foreststo insects orpathogenic
occurrences(Colhoun1979).Severalgroupsof
forest insects occasionally developepidemic
populationsthat severelydamagematureforest
trees overlargeareas.Amongthe defoliating
insects,thewesternsprucebudwormkills un-
derstorywhite fir andDouglas-firandthins
the crownsof overstorytrees(Archambaulter al.
1994).Outbreaksof western sprucebudworm

occurevery decade orso andextend widely
acrossthe landscape. Perhapsas a response tofire
exclusionpolicies, recentbudworm outbreaks
havetendedto be regionallysynchronouswith
the maturingof hostspeciesover largeareas
(Swernamand Lynch 1993).As a complicating
factor, treesthat sufferdecliningvigor from
multipleyearsof defoliationby budwormsmay
losetheir resistanceto moreinjurious wood-
boringinsectsandultimatelydie. Barkbeetles
are importantwood-boringinsects inpinyon,
ponderosapine,Douglas-fir, andLnglemann
spruce.During outbreaks(aboutevery7 to 10
years),these insectskill groupsof maturetrees.
In longer outbreaks(usually thosefollowing
droughts),mortality groupscoalesceanddamage
appears to bewidespread.Bark beetlepopula-
tions aremostlikely to increasewherehost trees
are stressedas aresultof sublethalfire damage,
dwarfmistletoe infection,or whereabundant
greenslashis availablefrom thinningor
blowdown.

The principal forestparhogensareroot
diseasefungi anddwarfmistletoe.Armillaria
root diseaseis widespreadacrossthe forestsof
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the Southwest.In a fewlocationsit behavesas an
aggressivekilling agent(Marsdener al. 1993),
but in moststandsit actsto remove treesweak-
enedby lightning or insects.Other root diseases
are causedby Heterobasidionannosumand
Phellinus schweinitzii.

The most commontreediseasein South-
western forestsis causedby parasitic seed plants
of the genusArceuthobium,the dwarfmistleroes.
About one-halfto two-thirdsof the stands in
theseforestsare infestedby dwarfmistletoe.
Infectedtreesbecomestunted,developwitches’
brooms,andareeventuallykilled by this or
othermortalityagents.Both root diseaseand
mistletoetypically occuras “centers”or “patches”
andcreateslowly but continouslyexpanding
canopygaps.Theseagentsincreaseecosystem
diversity by producingsnags,logs, and, in the
caseof mistletoe,witchesbrooms.Theyalso act
synergisticallywith forest insects.

The relationshipbetweenfire anddwarf
mistletoeis complex.Brooms causedby dwarf
mistletoeprovidefuel continuityfrom groundto
tree crown. Bymaintainingseraltrees in forest
stands,fire increasesthe opportunityfor mistle-
toe infection becausethe seraltreesaremore
commonlyhoststhanclimax trees.Similar
complexrelationshipsexistbetweenfire, bark
beetles,andwestern sprucebudworms.

Whitepineblister rust is causedby an exotic
fungusthat was recentlyintroducedinto the
SacramentoMountains.It hasthepotentialto
kill mostof the southwesternwhite pinein the
mixed-coniferforests(HawksworthandConklin
1990) wherethegreatestconcentrationof
Mexicanspottedowls occurs.Althoughsouth-
westernwhite pineis seldomthe most frequent
treespeciesof a stand,it is an importantseral,
dominant,or codominantspeciesin most areas.
This treeproduceslargeseedsandreadily fills
gapsopenedby mortalityof othertrees to
budworm,barkbeetles,root disease,andmistle-
toe.Therefore,theshort-termeffectsof white
pine blister rustmaybe negative,since astrong
reorderingofforest treecomposition maytake
place.A numberof actionscan betakento
“control” therust andreduce itsimpacts,but
theyare expensiveandtheir effectivenessand
possible sideeffects areunknown.In the long-
term,a geneticbalancebetweentherust and
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white pinesmayoccur, as it did with Pinus
monticola in the northernRockies(Ledig 1992).

Variousotherarthropodsandsaprophytic
fungi arealso importantagentsof deterioration
anddecayof snagsandlogs. Although these
agentsgenerallydo not kill treesdirectly, their
activity (decay)can lead tostembreakageand
treedeath.Theyare thusimportantin determin-
ing the conditionandpersistenceof coarse
woodydebriswithin forest stands.

The cumulativeimpactsof thesedisturbance
agents onowl habitatdependson anumberof
factors, someof which are subject tomanipula-
tion. In general,theseandotherkinds of distur-
bancesaffect forestnutrientandwatercycles,
solarpenetrationto the understory,andplant
and animalfood webs.The responseof under-
story vegetation, fungal-smallmammalrelation-
ships (Maser etal. 1978), andowl preyto
variousdisturbancefactors can be positive or
negative,dependingon numeroussite factors
andthe successionalstageof the affectedvegeta-
tion. Becausetheseprocessesare interactiveand
affect a numberof vegetationattributes,simple
assessmentsareinadequate.Severalvegetation
managementtools, includingvariouskinds of
silviculture, risk-abatementfor fire or insect!
diseasedamage,prescribedburning,anddirect
populationcontrol areappropriatein various
combinations.

These disturbanceagentsshould beconsid-
eredin developingmanagementstrategies for
owl recovery.Managersmustrecognizethat the
organisms discussedaboveandtheir effects are
not necessarily or evenprimarily bad. Certain
naturalprocessesmayinterferewith short-term
prioritiesof forestmanagement;but the perpetu-
ation of forest conditionsthat supportthose
priorities maydependon naturalprocesses
continuingin the long term.Moreover,conflict-
ing priorities, or evensecond-or third-level
priorities maybenefit from theseorganisms.
Evaluationsshould be based onthe role these
organismsplay in directing successiontoward, or
away from, desiredfuture conditionsat different
spatioremporalscales.

Managers, inconsultation withspecialists,
can use these organisms to strategic advantage in
creating,enhancing,or maintaininghabitatsfor
owls (andassociated biota) in accordwith
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landscapegoals.For example,dwarfmistletoe
createsnestsitesfor owls in Douglas-fir. In some
places,outbreaksof westernsprucebudworm
eliminateunderstoryhost trees,helping to
reducefuel laddersthat carry fires into tree
crowns.Thesebioric agentsof mortality have
thinningeffectson treeoverstories.Suchthin-
ning affectsnutrientandhydrologicalcycles,
understoryvegetation,andavailability of preyto
owls.

In summary, weencourageresourcemanag-
ers towork with forest insectanddiseasespecial-
ists to developecological assessmentsof these
kindsof disturbancesat variousscales
(Kaufmanner al. 1994).Understandingthe
scientificbasisof forest changeandevolution is
crucial tosuccessfulmanagementof forest
ecosystems,andthereforeto recoveryof the
spottedowl.

Degradation of Riparian Forests

Riparianforestsmayalsofunctionas impor-
rant componentsof ecosystemssupporting
spottedowls. Thesecommunities,particularly
mature,multi-layeredforests,could beimpor-
tant linkagesbetweenotherwiseisolatedsub-
populationsof spottedowls.Theymayserveas
direct avenuesof movementbetweenmountain
ranges oras stopoversireswheredrainages bisect
large expansesof landscapethatotherwisewould
be inhospitableto dispersing owls. Further,
historical evidenceexists thatspottedowls once
nested in suchhabitats.

Manyriparianecosystemshavedeteriorated
in the Southwest(Cooperrider1991, Bock eral.
1993,USD1 1994),andthe loss of riparian
habitatwas oneof thereasonsfor listing the owl
(ParrI). Dick-Peddie(1993) estimatedfrom
mapandair photodatathat96% of the Rio
Grande riparianarea inNew Mexico hasbeen
lost to urbanization,agriculture,waterimpound-
ments,andothermodifications.Galleryforests
thatonce extendedinto woodlands,grasslands,
anddeserts have significantlydeclinedor dete-
notated,adverselyaffectingnumerouswildlife
populations(Minckley andClark 1984,Skovlin
1984,Minckley andRinne 1985, Bocker al.
1993, USD1 1994).Efforts to improveniparian
andwatershed conditions(DeBanoandSchmidt

1989a,1989b)could facilitate movementsof
sportedowls betweendistantgeographicloca-
rionsandperhapsevenprovidenesting habitat.
A wide varietyof otherorganismswouldalso
benefitfrom healthierripariansystems.

TIMBER HARVEST AND
SILVICULTURAL PRACTICES

Historically, theprincipal objectivesof forest
managementwere to deriveeconomicgain and
commodities fromforests.Silviculture hasgreat
potentialasa tool for meetingotherobjectives,
however,suchas maintaininganddeveloping
Mexicanspottedowl habitat,alleviatingfire risk,
minimizing impactsof insectsanddisease,and
enhancingvariousecologicalvalues.In this
section,we reviewpasttimber-harvestpractices
in the Southwestand contrastthosepractices
with alternatives.Our focusis the potential
effectsof these practices onMexicanspotted
owls.

Historical Perspectives

Past Practices

The primary factors leading to the listing of
the Mexican spotted owl were adversemodifica-
tion of irs habitatas theresult of even-aged
managementand plans to continue this harvest
methodas detailedin existingForest Plans.
Fletcher(1990)reportedthe lossof >325,000ha
(800,000acres)of sportedowl habitatwithin FS
Region3 as the resultof humanactivities,
primarily forest management.Silviculture
emphasizedeven-agedsystemswhich tendedto
simplify standstructureandharvest adispropor-
tionateshareof largetrees.TheTeam used past
forest inventory datato evaluatethe changein
the size-classdistributionof treesfrom the 1 960s
to the 1980s.The trendthatemergedfrom our
analysiswas a substantialincreasein thedensity
of trees 12.7-32.8cm (5-12.9in) dbh,but a
large decrease innumbersof trees>48.3cm (19
in) dbh (seebelow). As discussedby Ganeyand
Dick (1995), large treesare an importantcom-
ponentof spottedowl habitat; thus, the20%
decrease innumbersof trees >48.3cm (19 in)
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dbh removeda keyhabitatcomponentof the
Mexicanspottedowl. The simplification of stand
structureis not so easilyquantified. Giventhat
mostlyeven-agedmanagementwas used,how-
ever,theconclusionof standsimplification is
reasonable.

ForestPlans

ExistingForest Plansandtheir underlying
standardsandguidelinesare fairly explicit with
respect to thesilvicultural practices to be used
andthe expectedtimbervolumes to be extracted.
TheseForestPlansarticulateclassiceven-aged
managementregimeswith regenerationtreat-
mentsoccurringat 120-year intervals,intermedi-
atetreatmentsemployedto maintainopenstand
conditions,anddisease-controltreatmentsas
conditionswarrant.Thus,managementcalled
for fairly frequententriesinto a stand.Further,
thismanagementsystem stressed simplestand
structures,decreased residual densities,and
eliminationof large, slow-growing,but high
valuetrees(primarily ponderosapineandDou-
glas-fir). Salvage,sanitation,fuel reductions,and
fuelwoodharvestas specified in Forest Plans
combinedto reducenumbersof snags,another
correlateof spottedowl habitat.In summary,
even-agedmanagementas specified in Forest
Plansis incompatible with maintainingand
developingspottedowl habitat. TheTeamis
encouraged,however,by recentefforts by FS
Region 3 toamendforest plans toincorporate
the recommendationsproposedin thisRecovery
Plan, andto emphasizeuneven-agedmanage-
ment asthe preferredsilvicultural system inthe
Region.

HabitatTrends

Historical andcurrenttrendsin spottedowl
habitatarepresentlyunknown.Numerous
factorsunderliethis lackof knowledge,but the
paucityof reliablevegetationdatais the most
glaring explanation.This lackof credibledata
hasnot precludedrampantspeculationon
habitattrend, however.In general,habitattrend
is perceived in twodivergentways. Oneview is
thatpasttimberharvestwithin the forest types
usedby Mexicanspottedowls has caused a

dramaticdecline inhabitatquantityandquality.
Indeed,the conclusionof historicalhabitat loss
coupledwith projectionsfor additionalhabitat
loss werethe primaryfactors for listing the
subspecies(Part I). The contraryview suggests
thatmanyyearsof fire exclusionwithin South-
westernforestshas allowedmixed-coniferforest
typesto increaseat theexpenseof meadowsand
fire-disclimaxspeciessuchas quakingaspenand
ponderosapine (USDA 1993b,Johnson1994).
Further, Southwesternponderosapineforestsare
knownto begenerallydensertodaythanthey
were in pre-sertlementtimes (Covingtonand
Moore 1992, 1994a,b, c). Basedon this infor-
mation, USDA(1993b)concludedthat habitat
suitability for the Mexicanspottedowl had
increased.Becauseof theseconflicting views, the
Teamattempteda quantitativeevaluationof
habitattrendwith respect to theMexicanspot-
ted owl.

DataAvailability. Limited sourcesof dataare
availablefor assessinghabitattrend. Within
forestedtypes,forest inventoriesfrom the 1 960s
(Choate1966,Spencer1966) and the 1980s
(Conneretal. 1990,Van Hooseret al. 1993)
havebeencomparedby USDA (1993b)and
Johnson(1994) andareused, inpart,for our
analyses.Weadmit, however,that differences in
definitionsandin how datawere collectedmake
comparisonsbetweenthe 1960sand 1980sdata
tenuous,at best(VanHooseret al. 1993). These
differences include:(1) changes indefinitionsof
vegetationtypes; (2) changes inthe landbase
beingsampled,(e.g.,changes in wilderness
designation);and(3) changes insampling
intensity.

The following comparisonsare limited to
commercialforest landswithin the Statesof
ArizonaandNew Mexico on a perhectarebasis.
Thus,all forest types areincludedbut,unlike
USDA (1993b) andJohnson(1994) we donot
extrapolatethedatato unsampledforested lands
suchas wildernessareas.Therefore,our analyses
focus on changes oncommercialforest lands
wheredataexist. Becauseof differences inland
designations(i.e., commercialtimber land
becomingwildernessbetweenthe two sampling
periods),comparisonsof rawvalues arepoten-
tially misleading.Thus,ourcomparisonsare
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primarily restrictedto evaluationsof propor-
nons.To comparestandstructure,we used
relative frequenciesof treesby size class.We
reiteratethat caution is warrantedwhen inferring
conclusionsfrom these data,but submitthat
somegrossgeneralizationsarepossible.

Trends in ForestLandbaseand Timber
Volume.—Total forestedlandincreasedfrom
4,516,000to 4,750,000ha (11,160,000to
11,738,000acres)from the 1960sto the 1980s,
roughly a 5% increase.The commercialforest
landbasedecreased byapproximately15%
(624,000ha [1,541,000 acres]),however,and
reservedforestedlands increasedby 858,000ha
(2,119,000acres).Growing stock (i.e., the
harvestablevolume) on commerciallandsde-
creasedfrom 12,707MMCF to 11,549MMCF.
This decreaseis not surprisinggiven the volume
of timberharvested oncommercialforest lands
and the decrease inthe amountofcommercial
forest landsfrom the 1960s to the1980s.

Trendsin Forest Types. Within thecommer-
cial landbase,mixed-coniferforestscomprised
approximately11% of total area inthe 1 960s

and20%of thetotal area inthe 1980s,a 9%
increase(TableIL.D.1). Possibleexplanationsfor
this change include:(1) increasing invasionof
mixed-coniferspecies(presumably Douglas-fir
andwhite fir) into othertypes, suchas mead-
ows; (2) moreliberal definitionsof mixed-
conifer (i.e.,includestypespreviouslyclassified
assomethingelse);(3) quakingaspengiving way
to otherspeciesin the absenceof fire; and (4)
selectiveharvestof ponderosapine,leaving
residualforestscomposedprimarily of other
conifer species.Any of these reasonsmayexplain
the perceived changesof forest type; probablyall
of theseandotherfactorscontributedto some
degree.We speculatethatclassificationchanges
accountfor mostof the change,andthatselec-
tive removalof ponderosapineandthesucces-
sion of quakingaspen stands tomixed-conifer
arealsoplausibleshort-termexplanations.
Conversely, we havedifficulty acceptingthat
encroachmentof mixed-coniferspeciesinto
otherforestedtypeswas responsible formore
thana relatively smallportionof this change
within the twenty-yearperiod.Thus,anygener-
alizationsconcerningchanges inforest typesand
anyactionsproposedto reversethesetrends

Table II.D.1. Changesin the area (haX 1,000[acresx 1,000])anddistributionof forest typesfrom
the 1960sto 1980son commercialforest landswithin ArizonaandNew Mexico. Datafrom Choate
(1966), Spencer (1966),Conneretal. (1990),Van Hooseret al. (1993).

Forest Type
Landbase
in 1960s~

Proportion of
1960sLandbaseb

Landbase
in 1980sa

Proportion of
1980sLandbaseb

Change in
Proportione

PonderosaPine 3,234 78 2,530 72 -6
[7,992] [6,252]

Mixed-conifer 475 11 709 20 9
[1,173] [1,752]

Spruce-fir 257 6 201 6 0
[635] [496]

Quakingaspen 180 4 81 2 -2
[446] [201]

Total 4,146 100 3,523 100
[10,246] [8,701]

a Landbasein hectares [acres] covered bythe forest type.
~ Proportionof thetotal forested landbase belongingto the forest type.

(Prop. 1960slandscape)-(Prop.1980slandscape).
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Table II.D.2. Changesin the density(trees/ha[trees/acre])and distributionof treesize classesfrom
the 1960s to1980son commercialforest landswithin ArizonaandNew Mexico. Datafrom Choate
(1966), Spencer(1966),Conneret al. (1990),Van Hooseret al. (1993).

Tree Density Proportion of Density
SizeClass in 1960sa 1960sTotal b in 1980sa

Proportion of
1980 Totalb

Change in
Proportionc

Density
Changed

2.5-12.5cm 146.2 62.5 134.2 53.7 -8.8 -8.3
[1.0-4.9 in] [59.2] [54.3]
12.6-32.8 cm 70.3 30.0 98.5 39.4 9.4 40.2

[5.0-12.9 in] [28.5] [39.9]
32.9-48.0 cm 12.1 5.2 13.0 5.2 0.0 7.5
[13.0-18.9 in] [4.9] [5.3]
>48 cm 5.4 2.3 4.3 1.7 -0.6 -20.4

[>19 in] [2.2] [1.7]

a Treedensity in no./ba [no/acre]

b Proportion of tbe total number of trees witbin tbat size class.

(Prop. 1960sroral)-(Prop. 1980stotal).
d ([Prop. i960s torali-EProp. 1980storal])/(Prop. 1960s total).

mustacknowledgethis uncertainty,andshould
considerall plausible explanationsfor these
trends.

Trendsin Size-classDistributions. We noted
a change inthe size-classdistributionof trees on
commercialforest landsof ArizonaandNew
Mexico (TableII.D.2). Sapling-sized trees(2.5-
12.5 cm [1-4.9 in] dbh) decreased inboth
absolute densityandin relativecontributionto
the size-classdistribution; trees 12.6-31 cm
(5-12 in) dbh increased indensityby 40% and
in relativeproportionof the size classdistribu-
tion by >9%; andtrees inthe 31-48 cm(13-19
in) size class increased indensitybut not in
relativeproportionof the treedistribution.
Finally, the densityof large trees (>48 cm [19in]
dbh) decreasedfrom 2.3 to 1.7 trees/ha(0.9 to
0.7 trees/ac), a20% decline.This decrease in
large treeswould be expectedgiven pasttimber
harvestpracticeswhich emphasizedharvestof
the largetrees.Possibleexplanationsfor the
increasein smaller stemsincludethe growth of
regeneration,limited pre-commercialthinning,
fire suppression,andthe lackof interestby the
forest industry in the smaller-sized stems.

SummaryofRecentHabitat Trends.—Our
analysesindicatethatbetweenthe 1 960sand

1980s(1) total forestedacresincreased, (2)
mixed-conifertypesapparentlycoveredmore of
the landbase(but seeabovecautionsregarding
this conclusion),and(3) densitiesof large trees
declined.Although the amountof total forested
land hasincreasedandthe amountof mixed-
conifer forest mayhave increased, wedoubtthat
theamountofMexicanspottedowl habitathas
increasedconcomitantly. Giventhe20-yr period
betweeninventories,mostof theseadditional
acresare likely in early successionalstagesand
unlikely to possessthe habitatcharacteristics
usedby spottedowls. Conversely,the 20%
decrease inthedensityof large treesis an alarm-
ing negativetrendwith respect to a very critical
componentof spottedowl habitat.

Silvicultural Practices
and Forest Management

Fourcommonforest structuresoccurnatu-
rally or by silvicultural efforts.Thesestructures
areeven-aged, balanceduneven-aged, irregular
uneven-aged,andeven-aged/uneven-aged
stratifiedmixtures.Even-agedstands,for the
most part,arecharacterizedby mosttreesbeing
approximatelythesameage.The general con-
vention is thatthe spreadof ageswithin the
standarewithin approximately20% of the
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specifiedrotationage. Two typesof uneven-aged
standsare balancedand irregularstands. Inboth
cases,at leastthreedistinct age classesexist.A
balanced uneven-agedstandequatesto eachage
classoccupyingroughly equalareas.Distribution
by diameterclassapproximatesa reverse,
shapedcurve. Irregularuneven-agedstands have
someageandassociateddiameterclassesmissing
acrossthe possiblerangeof agesanddiameters.
A two-storiedstand,onewith two distinct age-
classanddiameter distributions,is neithereven-
or uneven-aged,but is intermediatebetweenthe
two. Stratified mixturesoccurwheretreesare
essentially even-aged,but differences in growth
ratesandshadetoleranceamongtreespecies
result inmultiple canopystrata.This structure
alsooccurswhenselectiveregenerationof shade-
tolerantspeciesor high site productivity leads to
heterogeneousageanddiameter distributions.
In muchof the mixed-conifertype in theSouth-
west, thestratified-mixtureof standstructure
appears to be relevant tohabitatsusedby spotted
owls.

Silviculture

Silviculture hasbeenvariouslydefinedas (1)
the art of producingand tendinga forest,(2) the
applicationof knowledgeof silvics in the treat-
mentof a forest,and(3) thetheoryandpractice
of controllingforestestablishment, composition,
structureandgrowth (Smith 1986). In a general
sense,silviculture is thepracticeof managing
forest establishment, composition,structure,and
growth to meetstatedobjectives.Thus,silvicul-
ture shouldbe regardedas a systemof treatments
andnot solely the practiceof removing trees
from astand.

In the Southwest,two broadclassifications
of silvicultural systems, based onmethodsof
reproductionandresultingage-classmixesof
forested stands,areeven-agedanduneven-aged
management.These arereviewedbelow; again,
our focusis the potentialthesesystemshave for
developingspottedowl habitat.

Even-agedManagement.—Even-agedmanage-
ment hasbeenusedcommonlyin Southwestern
forests.Reasonsfor its popularityare basedboth
on ecologyandeconomics.Ecologically, even-

agedsystemsfavor specieswith limited shade
tolerance, suchas quakingaspen, oaks,and
lodgepolepine.Shadetoleranceis the ability to
reproduceandgrow underthe shadeof larger,
taller trees.Shade-tolerantspeciestypically
includetruefirs in Southwesternforests.Ponde-
rosapineis consideredto beof intermediate
shade tolerance,but tendingtowardthe intoler-
ant side. Economically,even-agedmanagement
is more efficientwhen consideringshort-term
costsof site utilization, salepreparation,trans-
portationsystems,harvesting,andslashreduc-
tion. Further,even-agedsystemsareeasierto
model, administer,andtrackover time.

Regenerationmethodswithin even-aged
systemsof the Southwestinclude shelterwood,
clearcutring,andseed treemethods.The
shelterwoodmethodtypically has aseriesof
cuttings.The first treatmentin maturestandsis
to stimulateconeandseedproductionfor
regeneration.This is followed by aseriesof
treatmentsthatremovethelarger,older stemsas
regenerationmatures.Variations onthe general
methodinclude irregularshelterwoodand
group-shelterwood.Clearcurtinginvolves the
removalof the entirestandin one cutting.
Reproductionis obtainedartificially by seeding
or planting,or naturally by seedingfrom adja-
centstands.This methodis appropriatefor
shade-intolerantspecies.In appearance,
clearcuttingis indistinguishablefrom the cop-
pice-forestmethodof regenerationfor quaking
aspen,wherereproductionis obtainedfrom
suckeringof sub-terrainclones.The seed-tree
methodresembles clearcurring exceptthata few
trees are left to provide a sourceof seedwithin
thetreatedarea.Of thesethree,theshelterwood
methodis usedmostcommonlyin theSouth-
west; clearcurandseed-treemethodsare used
infrequently.

Variationsof even-agedmanagementare
usedthroughoutthe Southwest,but all sharethe
following characteristics.A predetermined time
for regenerationof thestandis setapriori; this
regenerationtimecanvary. The FS Region 3
generallyschedulesregenerationtreatmentsfrom
100 to 120yearsof standage,an agewhentrees
areexpected to reach45.7cm (18 in) dbh as the
maximumsize.The managementobjectiveis to
maximizetotalvolumeover time while provid-
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ing a “saw-timber” sizedproduct.Residualstand
densitycan becontrolledby thinningat theo-
retically scheduledentries in thestand.This
enablesthe captureof mortality on a semi-
regularbasisandprovidesintermediaterevenues
from timberharvest.

Even-agedstandstructuresare norused to
anygreatextentby the Mexicanspottedowl.
Further,with its intent to promoteuniformity in
treeage, size,spacing,anddensity,even-aged
managementgenerallywould not be apreferred
systemfor short-termdevelopmentof spotted
owl habitat.Even-agedmanagement maybe
appropriateto maintainquakingaspenwithin
the mixed-conifertype,however.Quakingaspen
is typically even-aged in itsearlier stagesof stand
development.Becauseof its extreme shade
intoleranceandrequirementsfor elevated soil
temperaturesfor sprouting,quakingaspen
shouldbe managedundereven-agedsystems.
Later seralstagesof quakingaspenthatincludea
mixed-coniferunderstoryappearbothas a
simplemixture of an even-agedoverstoryand
uneven-aged understory,or asa stratifiedmix-
ture.As decadentquakingaspenstandsare
replacedby the shade-tolerantconifers,spotted
owl nesring/roosringhabitatbegins to develop.
In summary,even-agedmanagementhaslimited
potential withrespect todevelopingthetypes of
standstructuresused byspottedowls. Neverthe-
less,even-agedmanagementis a critical tool to
meetspecificobjectives,andcanmeetcertain
ecosystem objectivesif employedat the proper
scale.Perhapsthe primaryobjectionto its use in
the pastwas its uniform, widescaleapplication
acrosstheSouthwest.

Uneven-aged Management.—Uneven-aged
managemententailsthe removalof timber in all
size classeson aperiodicbasisso thatregenera-
tion is continuouslyestablishedover time,and
standsize-classdistributionis regulated. Un-
even-agedmanagementis loosely based onthe
premisethat densitycontrol acrossa rangeof
diameterclasseswill ensure growthof stems over
time to a set maximumdiameter,while ensuring
regenerationof speciesat regular intervals over
time. Only onereproductionmethod,the
selectionmethod,is usedwith uneven-aged
management.The selectionmethodprovides

openingsin thestandto enableregenerationto
occur.Simultaneouswith theselectionand
harvestof trees toprovide growingspace for
regeneration,treesacrossall diameterclassesare
thinnedto ensurethe desireddistributionof
size-andage-classeswithin the stand.

Two variationsof the selectionmethodare
individual tree selectionandgroupselection.
Individual treeselection,as the nameimplies,
involves the removalof single, scatteredtrees.
This methodgenerallyfavorsshade-tolerant
species,but this is alsoa functionof the residual
stockinglevels.Group selection entailsthe
removal of a smallpatchof trees;thewidth of
the patchis usuallyless thantwice theheight of
the dominant(i.e., largest)tree.This is some-
what analogousto a very smallclearcur,but the
differencebetweenthe groupselectionand the
clearcurmethodis in the spatialscaleof applica-
tion. Groupselectionis used to create a balance
of age- orsize-classesin smallcontiguousgroups
resultingin amosaicwithin astand.In contrast,
even-agedmethodsare typically appliedto an
entire stand.Groupselection can be used to
promotethe establishmentandgrowth of shade-
intoleranttrees sincethereis opportunityto
reduce localizedresidualdensitiesandthe
amountof area shaded.

Groupselectionoffers a numberof advan-
tages forthe developmentof potentialspotted
habitatover single-tree selectiontechniques.
Applicationof the groupselectionmethodcould
providea mosaicof many small even-aged or
two-storiedgroupsacrossa forest stand.Regen-
erationof shade-intolerantspeciesis possible
wherea reproductionsource,eitherclonesor
seeds,is present.With respect to insectand
diseaseproblems,managementoptions increase
for both suppressionandprevention,especially
in mixed-species stands. Edgeeffectsfoundat
groupinterfaces canprovidestructuralfeatures
andopeningsthatmimic gap-phaseregenera-
tion, andprovideearly-seralvegetationfor prey
species(Ward and Block 1995). In somecases,
group-selectionmethods mayresult inless
residual damage to thestandas the resultof
logging activitiesthansingle-tree selection.

Uneven-aged silviculturalpracticespredomi-
nate on Tribal landswherecommercialtimber
harvestexists. Reasons forthe emphasison this

Volume I/Part II 70



MexicanSportedOwl RecoveryPlan

silvicultural systemincludeaesthetics,providing
forest cover overall lands simultaneously,the
perceptionthat it providesamoreeven-flowof
productsthaneven-agedmanagement,and the
fact thatit allows continuousregeneration.

We havenot beenable toassesstheeffects of
classicuneven-agedmanagementon Mexican
spottedowl habitatbecause wewere unableto
acquiredatafor mostareaswhereuneven-aged
managementis practicedon a largescale.How-
ever, baseduponour understandingof the
applicationof uneven-agedsystems,stand
densityis oftenkept ata fairly low level, seldom
exceeding18 m2/ha (80fr2/acre)of basalarea.
Theselow residualstanddensities allow for
regenerationandgrowth of ponderosapine.
Uneven-agedsystems,whether theyretain
individual trees orgroupsof trees, allow for the
developmentof multiple canopylevels,a key
componentof Mexicanspottedowl habitat.
However,GaneyandDick (1995) demonstrate
clearly that owl habitattypically also includes
significantnumbersof largetrees.Theselarge
treesmaynot be retainedwhereuneven-aged
managementis appliedin thisfashion.

In summary, uneven-agedmanagementhas
somepromisefor providingstandsexhibiting
characteristicsof spottedowl habitat.As cur-
rently practiced,however,uneven-agedmanage-
ment results in largeacreagesof low-density
stands,numerousroadopenings,and the even-
tual eradicationof largediameterstems. Al-
though neitherthe short-or the long-term
effectsof theseapplicationson spottedowls are
known,this type of applicationmaynot be the
bestoption for producingspottedowl habitat.

Developmentor maintenanceofstrat~fied
mixtures. Stratified mixturescanoriginatein
variousways, includingstand-replacingevents
(e.g.,crown fire, even-agedmanagement)that
mayor maynot leaveremnantstems.The
establishmentof stratified mixturesis nor likely
in mixed-conifertypeswithin the short time
frame (10-15years)of this Recovety Plan.
Maintenanceof such stands couldbe considered
in theshort-term,however,anddevelopmentof
stratified mixturescould be incorporatedin
longer-termmanagementplans.

Managementfor stratified mixturesmust
considerthe mix of speciesalongthecontinuum
of shade tolerance.Thus,anyregeneration
effortsshould be designed to haveenough
openingsof sufficient size for seedling/sprouting
establishmentandrelease. Openingscan be
accomplishedby groupselectioncutsfavoring
retentionof shade-intolerantspecies,or selection
of individual treesadjacentto stemsthat could
providea seedsource forregeneration.One
techniqueto consideris small-scaleseedtreecuts
(perhapsto bethoughtof as groupseed-tree
selection cuts),which wouldprovidebotha seed
sourceand trees forultimatesnagdevelopment.
This methodcould maintain shade-intolerant
species,but would not be intrusive enoughto
produceeven-agedstructurethroughoutthe
stand.Within stratified mixtures,intermediate
treatmentsincludingpre-commercialand
commercialthinningcould be beneficialin
increasing thegrowth of residualtrees.At some
point, however,further treatmentsshouldbe
deferred,and naturalstandmaturation and
successionshould be allowed toproceeduntil
either (1)the standis no longerspottedowl
habitat;or (2) the standcan be replaced by
habitat(preferablyoccupiedby spottedowls)
thathasbeendevelopedelsewhere.

Conclusions

Clearly, recentforest managementpractices
andthosedetailedin existingForest Plansare
not beneficial to Mexicanspottedowls. Reliance
on traditional forestmanagementandsilvicul-
tural techniquesmayno longerbe possible,not
only with respect tothe conservationof the
Mexicanspottedowl but alsowith respect to
maintainingotherecosystemattributes.New
approachesmust bedevelopedthatensurethe
long-termprovisionof owl habitatandthe
maintenanceof ecosystemstructureand func-
tion. Traditionalapproacheswill still havetheir
role, but perhaps used in slightlydifferentways
andwith differentintensities. Innovativeapplica-
tionsof uneven-agedmanagement maybe
particularlyuseful in developingandmaintain-
ing spottedowl habitat.In addition, particular
applicationsof uneven-agedmanagementmay
be useful inmaintaininghabitatconditionsfor
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the owl wheretheyexist. In somecases,the
applicationof even-agedmanagementsystems
mayalsobe appropriate,so future forest man-
agement shouldnot precludethe useof even-
agedmanagement.

GRAZING

Grazingby livestockandwildlife (e.g., elk,
deer) occursthroughouttherangeof theMexi-
canspottedowl. Dependingon the intensity,
grazinghasthe potentialto influencehabitat
compositionandstructure,andaffect food
availabilityanddiversity for theowl. However,
predictingthe magnitudeof grazingeffectson
spottedowls andtheir habitat, andevaluating
managementoptions requiresabetterunder-
standingof therelationshipbetweenspottedowl
habitatandgrazing.

Specific studiesthatdocument theeffectsof
livestockandwildlife grazingon sportedowl
habitathavenot beenconducted.Until specific
informationis available,thepotentialeffectson
theowl of grazingandtramplingof vegetation
mustbe identified andconsideredto the extent
possible. Forexample,livestockandwildlife may
not impact spottedowl roostand nestsites
immediately,but could alterriparian habitatsby
reducing,eliminating,or suppressingregenera-
tion. In time, reducedregeneration couldlimit
the developmentof overstorystructureneeded
for nesting,roosring,andotherlife history
needs,aswell asjeopardizethesustainabilityof
thesehabitattypes.

Grazingcan alter aplant communitydi-
rectly, indirectly, or both. Directalterationsmay
be as obviousas plant removal by consumption
or as subtleas removal by trampling. Indirect
alterationsmaybeas straightforwardas lossof
seed source orasinsidiousas damagedsoil
(Dwyeret al. 1984, KauffmanandKrueger
1984,Fleischner1994). Moderateto heavy
grazingcan reduceplant density,cover,biomass,
vigor, and regenerationability. Collectively, these
factors canalter the relativecompositionand
structureof grass,forb, shrub,andtreecompo-
nentsin an area(HanleyandPage1982,
ZimmermanandNeuenschwander1984,Schulz
andLeininger 1990, MilchunasandLauenroth
1993).Within conifer forests,grazingcan
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remove or greatly reducegrassesand forbs,
therebyallowing largenumbersof conifer
seedlings tobecomeestablishedbecauseof
reducedcompetitionfor waterandnutrientsand
reducedallelopathy.Establishmentof large
numbersof seedlingscoupledwith the reduction
in light groundfuels (i.e., grassesand forbs) may
actsynergisticallywith fire suppressionto
contributeto denseoverstockingof ladderfuels.
This denseoverstockingcan alter foreststructure
andcompositionanddegradespottedowl and
prey habitatswhile increasingrisks of stand-
replacingfires.

Beyondtheeffectsof grazingon plants,
livestock activity canincreaseduff layers,acceler-
ate decompositionof woodymaterial,produce
compactedsoils, damage streambanksand
channels,anddamage lakeshores(Kennedy
1977, Blackburn 1984,Kauffman andKrueger
1984,Skovlin 1984,Clary andWebster1989).
The combinationof these changes tothe biotic
andphysicallandscapesalso affectsplant com-
munity composition,structure,andvigor. If
such changesoccurin or nearareasusedby
spottedowls, thengrazingcaninfluencetheowl.
Thoseinfluences can bemanifestedby altering
(1) prey availability, (2) susceptibilityof spotted
owl habitatto fire, (3) the healthandcondition
of ripariancommunities;and (4) developmentof
habitat.We summarizebelowthe majorsus-
pectedinfluencesof grazingon Mexicanspotted
owls.

1. For theMexicanspottedowl, prey
availability is determinedby thedistribu-
tion, abundance, anddiversity of prey
andby the owl’s ability to captureit.

Grazingmayinfluencepreyavailability
in dissimilarways. For example,grazing
that reduces densegrasscovercancreate
favorablehabitat conditionsfor deer
mice whilecreatingunfavorablecondi-
tions for voles,meadowjumpingmice,
andshrews(Medin andClary 1990,
Schultz andLeininger 1991).This
changemight decrease prey diversity
(Medin andClary 1990,Hobbsand
Huenneke1992). A diverse preybasecan
providea more predictablefood resource
for the owls over time, becausepopula-
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tionsof manysmallmammals fluctuate
asynchronouslyConversely,short-term
removalof grassandshrubcovermay
improveconditionsfor the owl to detect
andcaptureprey. Long-termloss of
grasses,forbs,andshrubsmaypromote
treegrowth andcoverthat could decrease
preyabundance.Thus,grazingcan pose
ecologicaltradeoffs.

2. Grazingthat significantly reducesherba-
ceousgroundcoverandincreasesshrubs
andsmall trees can decrease thepotential
for beneficiallow-intensity groundfires
while increasing thepotential for
destructivehigh-intensityvertical fires
(ZimmermanandNeuenschwander
1984). Low-intensitygroundfires
preventfuel accumulation,stimulate
nutrientcycling, promotegrassesand
forbs,discourageshrubsandtrees,and
perpetuatethe patchinessthatsupports
smallmammaldiversity. Catastrophic
fire reduces or eliminates foraging,
wintering, dispersal,roosting,and
nesting habitatcomponents.

3. Excessivegrazingin riparianareascan
reduce oreliminateimportantshrub,
tree, forb,andgrasscover,all of which in
somecapacitysupportthe owl or its
prey. Excessivegrazingcan also physically
damagestreamchannelsandbanks
(Ames 1977,Kennedy1977, Kauffman
et al. 1983,Blackburn 1984,Sloykin
1984, ClaryandWebster1989,Plarts
1990.) Deteriorationof riparianvegeta-
tion structurecan allowchannelwiden-
ing. This event, inturn, elevateswater
andsoil temperaturesand thusevapora-
tion andlowering of watertables,plus it

significantlyincreasesthe potentialfor
acceleratedflood damage (Plaits 1990).
Theseprocessesalterthe microclimate
andvegetativedevelopmentof riparian
areas,potentially impairingits use by
spottedowls.

ability to produceor eventuallymature
into habitatfor the owl or itsprey. This
will probablyprove to be aninevitable
consequenceof the eventsandprocesses
describedabove.

The potentialfor grazing toinfluence
variouscomponentsof spottedowl habitat
cannotbe ignored.However, currentpredictions
of grazingeffectson plant communitiesas they
relate tothe owl are inexact.Thus,the integra-
tion of spottedowl needsandgrazingmanage-
mentwill requirecoordination,andan interac-
tive andadaptiveapproachbetweenprotection,
restoration,andmanagement.

RECREATION

Recreationalactivitiesmayaffect Mexican
spottedowls directly by disturbingnests, roosts,
or foragingsites.Disturbancemayoccurindi-
rectly throughalteredhabitatcaused bytram-
pling of vegetation,soil damage,or both.Devel-
oping new recreationfacilities or expanding
existingfacilities, suchas campgroundsand
trails, mayalter spottedowl habitat and habitat
useand perpetuatedisturbanceimpacts caused
by recreation.

If agiven recreationalactivity doesnot cause
habitatalteration,theTeam assumesthat that
activity generally has relatively lowimpact
potential withrespect tospottedowls. However,
exceptionsmayexist in local situationsor certain
RUs wherethe level of recreationalactivitiesis
high. Essentially,thedeterminingfactorof an
activity’s impacton spottedowls is a combina-
tion of its location, intensity, frequency,and
durationratherthansimply its character.

Types of Recreation

Recreationalactivitiesfall into severalcatego-
ries; the number,size,andintensityof such
activitieswill vary with location.The following
general categoriesinclude mostwidespread
recreationalactivitiesthatmightaffect spotted
owls and their habitat.

4. Excessivegrazing,sustainedfor long
periods, caninhibit or retardan area?s
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Camping

Although theeffectsof campingon spotted
owls havenor beenstudied,disruptionof nest-
ing, roosring,andforaging activitiesis a distinct
possibility.The characterof campingvaries
dramatically,however.Onepersonmaycamp
alonein asmall rent,whereasothersmaycamp
in groupswith mororhomes.The disparity in
characterdoesnor necessarily translate todistur-
bancepotential,however.Onepersoncamping
in anestgrove could be moredisruptive than12
peoplecampingin a foragingarea.Therefore,
blanketgeneralizationsaboutthe impactsof
campingactivitiesare inappropriate.These
activitiesshouldbeassessedon acase-by-case
basis,consideringfactors suchas thelocationof
theactivity relative to the owls, thenumberof
individualsinvolved, thetypeof group involved,
andthe frequencyanddurationof the activity.

Hiking

Hiking is typically ashort-termactivity, and
maybring a personinto andour of an owl’s
presencerelatively quickly. Most spottedowls
appearto be relativelyundisturbedby small
groups(=12people)passing nearby.Larger
groupsare probablymoredisruptive,but the
moreseriousthreatof disturbanceprobably
ariseswherethereis steadyhiking traffic. Popular
trails through spottedowl habitatmayattract
enoughhikersto disturbowls. Certainkindsof
hiking activitiesmaydegradeportionsof spotted
owl habitat, disruptcrucialbehaviors,increase
susceptibilityof owls to predation,or cause
abandonmentof a nestareaor key roostgrove.
The potentialfor hikers todisturbowls is
probablygreatestwherehiking is concentratedin
narrow canyonbottoms occupiedby nestingor
roosringowls.Again, we arguethatblanket
statements aboutthe effectsof hikerson owls are
inappropriate,andrecommendevaluationon a
case-by-casebasis as describedabove.

Off-road Vehicles

Both motorizedandnonmotorizedvehicles
maydegradeor destroyspottedowl habitat,
particularlymeadowandshrubhabitatsvital to

theowl’s prey. Noiseproducedby vehiclesand
thevehicleriders maydisturbspottedowls at
importantnesting androosringsites.

Rock-climbing

In someportionsof its range,thespotted
owl nestsandroosts in shallowrecessesandcaves
associatedwith canyonwalls andcliffs. Rock-
climbing activities inthe vicinity of cliff-dwell-
ing spottedowlscould disturb theowls, particu-
larly during thenestingseason.This problem
could be partially alleviatedby invoking seasonal
closuresin areasof conflict. Again, case-by-case
evaluationsof activitiesandtheir potentialfor
disturbanceseemmostappropriate.

Wildlife Viewing and Photographing

Becausebirdersandwildlife photographers
activelyseekspottedowls, theirencountersmay
be moredisruptivethanthe accidentalencoun-
ters associatedwith otherrecreationalactivities.
Suchrecrearionistsoften makerepeatedvisits
andmayfollow birds that flush.They ofren
employhootingor mousingtechniquesto attract
theowls, andthese behaviors,practicedto
excess,maydisruptowls’ territorial, mating,and
nestingactivities.

Recreation Summary

Incidentalencountersbetweenspottedowls
andpeoplepursuingsomerecreationalactivity
are relatively insignificant in mostcases.In other
cases,there maybe significanteffects.Theseare
relativelyuncommon,and are typically localized.
Consequently,thesesituationswill usually
impact oneor atmosta few pairsof owls, and
are not likely to impactlargeportionsof theowl
population.We believethat thesesituationsare
bestevaluated on acase-by-case basis.

In a broadersense,the constructionof
recreationfacilities, theloss of habitatto make
room for recreationfacilities, the collectiveeffect
of recreationtraffic, andthe compounding
effectsof recreationin concertwith othersire-
specificdisturbancefactorsmakerecreation
managementan importantconsiderationfor
delisring.
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SUMMARY

Parr III of this RecoveryPlanoutlines
managementguidelines toalleviatethreatsto the
spottedowl. Theserecommendationsarebased
largely upon theTeam’sevaluationof the biology
of theowl asdetailedin Volume II. Fromthese
analyses,theTeamhasdrawnthe following
conclusions.

Mexicanspottedowls generallyoccupy
remnantsof thelandscapethathaveexperienced
minimalhumandisturbance.We acknowledge
thatexceptions tothisgeneralizationoccur.
Theseremnantsincludeinaccessiblecanyons,
steepslopes,wilderness,andotherenvironments
nor heavily modifiedby humans.Persistenceof
owls dependspartly on theseremnantpatches,
but theseenvironmentsalonemaybe insuffi-
cientto ensurelong-term conservationof the
Mexicanspottedowl. A key point hereis that
nor all humanactiviesaredetrimentalto spotted
owls. In fact, if directedappropriately,some
humanactivities can be used totheowl’s benefit.
Consequently,managementmust focus on

creatingnew habitatto replaceremnantsthat
become no longerappropriatefor theowl.
Creationof replacementhabitathinges on
understanding patternsof naturalvariation and
modifying humanactivitiesthat mightconflict
with the developmentof habitat.Naturalvaria-
tion acrossthelandscaperesultsfrom unique
biophysicalconditionsat eachlocation on the
land.Further, effectsof humanactivitiesare
equally variableacrossthelandscape.Although
we cannotascribestrict cause-effectrelationships
of naturalprocessesandhumanactivities on
Mexicanspottedowls, we candraw certain
inferencesabouttheir probableimpacts.The
previoussectiondetailingthe conceptualframe-
work underlyingthe recovery measuresprovides
the rationalefor those inferences.Thus,the
managementrecommendations(PartIII) were
based on twointerrelatedsetsof information: (1)
basic knowledgeof Mexicanspottedbiology;
and (2) understandinghow variousnatural
processesandhumanactivitiesmodify the
environmentto maintain,develop,andalter
sportedowl habitat.
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A. DELISTING

Removinga speciesor subspeciesfrom
threatenedstatus becomes aprimarymanage-
ment objectivethemomentlisting is finalized.
Listing aspeciesas threatenedaffordsmore
protectionto the speciesthanit would normally
receivethroughotherlaws governingwildlife.
Specifically,“threatened”status impliesthat
humanactivitiesand/ornaturaldisturbances
pose greaterthannormal risks to the entire
speciesor subspeciesratherthanjust to individu-
als. Greaterprotectioncanmanifestitself as
moreexplicit andcarefulregulationof human
activities. In some measure, aRecoveryPlan
reconcileshumanneedsanddesireswith the
survival needsof the threatenedspeciesor
subspecies.If successful,the reconciliation
process leads to anarrangementto accommodate
bothpeopleand thethreatenedspecies.Ulti-
mately, carefulregulationof humanactivities
combineswitb careful managementof natural
resources to allow removingthespeciesfrom
threatenedstatus,or “delisring.” Just as listing a
speciesrequires a processof informationgather-
ing andassessment,delisringrequires asimilar
process.

THE DELISTING PROCESS

Section 4of theAct governs the listing,
delisring,andreclassificationof species,the
designationof critical habitat, andrecovery
planning. Regulationsimplementinglisting,
delisring,reclassification,andcritical habitat
designationare codifiedat 50 CFR424.

The processof delisringa speciesor subspe-
ciesis essentially the sameas thatof listing: a
proposedrule describingthe justification for the
actionis publishedin the FederalRegister;a
public commentperiod is opened,including
public hearingsif requested;and,within one
yearof the proposal,eithera final rule delisring
the speciesor anoticewithdrawingthe proposed
rule is publishedin the FederalRegister.

In consideringwhetherto delista species,
the samefive factorsconsideredin the listing
process(seePartI) are evaluated.While empha-
sis maybe given to those factorsleadingto the

species’listing, all of the factorsmustbe evalu-
ated inmakinga delisringdetermination.

Section4(c)(2) of the Act directsthe FWS to
conduct,atleast onceevery five years,a review
of all listedspeciesanddeterminefor each
specieswhetherit shouldberemovedfrom the
list, reclassifiedfrom endangeredto threatened,
threatenedto endangered,or remainin its
currentstatus.This RecoveryPlan lists criteria
only for delisring theMexicanspottedowl. Any
decisionto reclassifythe subspeciesto endan-
gered statuswill be madeby theFWS either as a
resultof the aforementionedmandatoryreview
or atanyothertime informationbecomes
availableindicating that reclassificationis appro-
priate.

Section4(g) of theAct directstheFWS to
implementa system incooperationwith the
Staresto monitoreffectively for nor less thanfive
yearsthe statusof aspeciesor subspeciesthat has
beendelisreddueto recovery.The provisionsof
theAct do nor apply to the delisredspecies
duringthis monitoringperiod.However, the
EWS could relist a species,throughthe standard
listing process,shouldmonitoring indicatethat
the specieswill declinewithout theAct’s protec-
non.

DELISTING CRITERIA

We recognizethatwe lack dataandauthority
to prescribeand implementmonitoringstrate-
giesfor Mexico. Thus,our recommendations
below applyonly to theU.S. rangeof the
Mexicanspottedowl. We recommend that
Mexicanauthoritiesdevelop similar delisring
criteria andmonitoringschemesfor delisring in
Mexico.

Fivespecific criteria mustbemet before the
Mexicanspottedowl can be delisred inthe U.S.
Thefirst threecriteria,which operateata
multiple-RU level, must be satisfiedbefore the
last twocriteria,which operateatthe RU level,
apply. Theseare the threeoverridingcriteria:

1. The populationsin the UpperGila
Mountains,Basin andRange- East,and
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Basin andRange- WestRUs mustbe
shownto be stable or increasing after10
yearsof monitoring,usinga studydesign
with apowerof 90% to detecta 200/o

declinewith aType I error rate (cL) of
0.05.

2. Scientifically-validhabitatmonitoring
protocolsare designedandimplemented
to verify that (a) grosschanges in
macrohabirarquantity acrosstheU.S.

rangeof the Mexicanspottedowl are
stable orincreasing,and (b) microhabitat
modificationsandtrajectorieswithin
treatedstandsmeetthe intentof the
RecoveryPlan.

3. A long-term,U.S.-rangewidemanage-
mentplanis in place toensureappropri-
atemanagementof the subspeciesand
adequate regulationof humanactivity
over time.

Once thesethreecriteria are satisfactorily
achieved, delisringmayoccurin anyU.S. RU
that meetsthe final two criteria:

4. Threatsto theMexicanspottedowl
within the RU are sufficiently moderated
and/orregulated.

5. Habitatof aquality to sustainpersistent
Mexicanspottedowl populationsis
stable or increasingwithin the RU.

Thesecriteriaare, by design,redundantand
dependent.Meetingonecriterion, to some
degree,requiresmeetingall or someportionof
the othercriteria.Integratingthe criteria is
unavoidablebut nevertheless desirable.Progress
on onetranslatesto progresson all.

Monitoring Population Trends

For a statisticallyvalid monitoringdesign, we
suggestthe quadrarsamplingschemedescribed
in III.C. The threeRUswherepopulation
monitoringis requiredfor delisringrepresentthe
bulk of theknownMexicanspottedowl popula-
tion in theU.S. No populationdelisring criteria

areappliedto theremainingU.S. RUsbecause
theywouldbe difficult to monitorbecauseof
the small, fragmented natureof the populations.

A premisefor our populationmonitoring
approachis that the existingMexicanspottedowl
populationin the U.S. is adequate.This premise
will be testedby monitoringpopulationtrends.
If the resultsof monitoringindicatethat the
U.S. populationis stable or increasingover the
next 10 to 15 years(assuming10 yearsprior to
delisring followed bythe required5 yearsafter
delisring), theTeamis willing to acceptthat the
current populationwill remainviable in the
foreseeablefuture andto assumethat thepopula-
tion is recovered.That is, theTeambelievesthat
if the current populationis able to maintain
itself, or to increase,thenthepopulationhas
exhibitedevidencethat it is of amplesize to
persist.

Our basis for the parametersincludedin the
delisring criteriaareas follows. The annualrate
of changeof the populationwithin a RU can be

A A A

estimatedasX = N~
1 /N~.A populationis stableif

= 1, decreasingif X < 1, andincreasingif
~> 1. A 20% reductionover a 10-yearperiod
implies a valueofX = 0.978; i.e., A)

0 = 0.80.

To concludethat a populationis stable,we
fail to rejectthenull hypothesisthat ?. = 1, or
alternatively,thatthe 95% confidenceinterval
on A includes1. If we fail to rejectthis null
hypothesis,we wantto ensurethatthe possible
rateof declineis very small.Thus,we suggesta
Type II errorrateof 0.10,andfor a 15-year
period, the annualestimateof A is
0.98523 = 0.8(1/15).

For this statistical restof trend, continued
persistenceof the Mexicanspottedowl popula-
non meanstheType II error rateis moreimpor-
tant thanthe Type Ierror rate.That is, a Type I
error meansthatwe mistakenlyconcludethat
the populationis decliningwhenit is nor.

Althoughcostly measuresmight betakento
reverseour incorrectperceptionof the trendin
the owl population,thepersistenceof the
populationis nor threatened.In contrast,a Type
II error meansthat we concludethe population
is stable or increasingwhen it is really declining.
Thus,persistenceof the populationcould be in
jeopardybecause measureswould not betakento
correctthe decline.Therefore,we emphasize
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thata low Type II error rateof f3 = 0.10 (power
is 1 - f3 = 0.90) mustbe met to delistthe species.

Severalbiological reasons lead us toselecta
time spanof 10-15yearsfor monitoring. The
meanlife span (MLS)of Mexicanspottedowls
that reachadulthoodfalls within thisrange.
MLS is calculatedas 1/(-logGS)),with Srepre-
sentingthe adultsurvival rate. Using S = 0.8889
(SE = 0.0269),survival ratescalculatedfrom the
demographicstudyareas,the MLS is about8.5
years.Calculatingconfidenceintervals for MLS
yields 16.6yearsas an upperagelimit. Popula-
tion turnoverratesprovideanotherbiological
argumentfor the time span (x) requiredfor
delisring. Forexample,we canestimatethe time
thatit rakes90% of the youngest membersof
theadult populationto completelyturn over, or
for 90% of the existingyoungadult birds todie.
Giventheadult S of 0.8889,solving for x in
0.8889x= 1 - 0.90givesx = 19.6yearsfor 90%
of a givencohortof youngbirds to turnover.A
50% turnoverwould be 5.9years,which would
correspondto themedianlife span.For xequals
10 years,70% of the youngadult population
will haveturnedover.

The time duration forthe monitoringand
magnitudeof changerequiredto detecta popu-
lation declineare related.Thomas(1990) argued
that the minimumviable populationsizede-
pendedon thetemporalvariation expected ina
population.Specieswith muchtemporalvaria-
tion in theirpopulationsize might normally
exhibit a 20% decline over ashort period.We do
norexpectMexicanspottedowl populationsto
display muchtemporal variation.Themost
variable aspectof their populationbiology is
probablyrecruitment,andyearsof little or no
recruitmentmayoccur.However,becauseof the
highadult survival rare, thedeclinein the
populationduringa yearof no recruitment
would still only be 11%.Thus,two consecutive
yearsof no recruitmentwould result in a21%
decline.But the fecundityestimates presentedby
White er al. (1995) suggestthatno recruitment
is unlikely. Thus,we concludethat a20%
decline over a 10-yearperiod indicatesthe
populationis truly decliningandis nor theresult
of normal temporal variation.

The choiceof aType II error rateof 0.10 is
somewhatarbitrary.However, this valueinteracts

with the choiceof a 20% declineover the 10-
yearperiod.Figure III.A.1 depicts ahypothetical
curvefor poweras a functionof the size of the
effectbeingdetected(labeledDetectableEffect
Sizein the graph).We could specifythata 15%
changeis detectablewith a 67% power, orthata
25% changeis detectablewith a 94% power.
These statementsareall equivalentin termsof
the effort requiredfor themonitoringprotocol
(asshownby thegraph).This is becausethe
relationshipbetweenthedetectabledifference
andthe powerto detectthis differenceis fixed
by themonitoringeffort (normally consideredas
the samplesize of the statisticalprocedure).
Thus,we have suggestedthata 90% power to
detecta 20% declineover 10 yearsis a reason-
ablepoint to fix the functionthat relates power
and magnitudeof thedetectableeffect.

In summary, webelieve 10 yearsis a reason-
abletime span formonitoringbecausemore
thanhalf of the adult populationhasturned
over. Further, we expectthat the population
would havebeensubjectedto adequateenviron-
mentalvariationduringthis 10-yearperiod.
Once thespeciesis delisted,theadditionalfive
yearsof monitoringas requiredundertheAct
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Figure III.A. 1. Hypotheticalcurveof the
statisticalpowerto detecta trendin a popula-
tion.
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shouldprovidefurtherassurancethat thepopu-
lation is nor declining.

We believethat thedelisring criterion
proposedhereprovidespositiveincentives to
land-managementorganizationsto vigorously
pursuethe proposedpopulationmonitoring
system.Delisringof the speciesdependson
providingclearly specified evidencethatthe
populationis stable or increasing.The sooner
the responsibleland-managementorganizations
begin thepopulation monitoring,the soonerthe
owl can be delisred.

Other Considerationsof Population
Monitoring

The proposedprocedurefor population
monitoringonly monitorsthe territorial popula-
nonof owls. Becausenonrerrirorialowls (“float-
ers”) do not respondto the usualmethodsof
locatingthem (i.e., calling), the only methodof
monitoringnonrerrirorialbirds is via radio-
tracking.However, radio-trackingnonrerrirorial
birds would require large samplesof juveniles to
bemarkedwith radios,andtheseradiosreplaced
on thebirds as necessary tomaintain thebatter-
ies as long as the individual remainedin the
nonrerrirorialpopulation.Placingradioson
spottedowls mayalter their behaviorand/or
survival (Paron eral. 1991, Fosteren al. 1992),
makingsuch anapproachof questionablevalue.
Thus,the Teamconcludesthatno viablemethod
of monitoringnonrerrirorialbirds is available.

An alternativeapproachto monitoring
populationswas considered,thatof usingdemo-
graphicstudyareas.Wedecidedagainstusing

demographic studiesfor threereasons.
First, demographicstudyareassuffer from a

deficiencythat is not inherentin the quadrat
placeproceduredescribed inIII.C. Demo-
graphicstudyareasarechosenatthe beginning
of themonitoringperiodandmustremainin
place to provideappropriatedata tomeet their
objectives.Becausethesestudyareasmustbe
permanentlydelimited, managementpractices
on themmaynorreflect thoseoccurringon
otherlands. Incontrast,quadrarscan beran-
domly replaced in the sample toensurethat
habitatchangesandmanagementpractices
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adequatelyreflect thoseoccurringon lands
outsideof the quadrats.

Second, thecostof demographicstudyareas
probablyexceedsthecostof our proposed
quadrarmonitoringapproach.The costof
conductingfive demographicstudiesfor the
Californiaspottedowl is roughly equivalentto
theestimatedcost of quadranmonitoring(J.
Verner, FS, PSW, Fresno,pers.comm).More
thanfive demographicstudyareaswould be
neededfor a valid populationmonitoring
scheme,thusputting the costof demographic
studyareaswell abovethe costsof the proposed
quadratsampling procedure.

Finally, the two existing demographicstudy
areaswerenot randomlyselectedfrom all pos-
sibledemographicareas(thusnorproviding a
defendablesample).Thus,resultsfrom the
existingdemographystudiesapply only to the
placewherethese studieswere done. Further,
evenif a demographicstudyapproachwas used,
theseexistingstudyareasmaynor be includedin
the randomsampleneededfor a statistically-
defensiblemonitoringscheme.

The problems outlinedabovewith respect to
usingdemographicstudies formonitoringdo
nor negatethe usefulnessof such studies.Demo-
graphicstudies were designed tounderstand
aspectsof spottedowl populationbiologyand
providea wealthof informationon populations,
habitatcharacteristics,andparametersof owl
fitness.Theywerenot designed tomonitor
large-scalepopulationtrends.

Monitoring Habitat Trends

GaneyandDick (1995)demonstratethat
the Mexican sportedowl usesspecifichabitat
characteristics.Thesefeatures varygeographi-
cally, but within pine-oakandmixed-conifer
forestsspottedowls useareasthat containlarge
trees,snags,high log volume,mulnisroriedstand
structure,andotherspecificattributes.Presently,
habitattrendsfor the Mexicanspottedowl are
unknown,and the subjectof conflictingspecula-
tion (II.D). Clearly, adequatehabitatof suffi-
cientquality mustexist into thefuture to ensure
populationviability. Consequently,habitat
monitoringis an essentialpart of the recovery
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processand thebird shouldnor be delisreduntil
monitoringcanensureunequivocallythat
sufficienthabitatexists to supporta viable
populationof spottedowls.

Habitatmonitoringshouldaddress two
aspects:persistenceof foresttypes thatowls
prefer (macrohabirar)andspecifichabitatat-
tributeswithin those types(microhabitat).This
roughly correspondsto the coarseandfine filters
describedin II.D.

The first task,then, is to quantify large-scale
changesin macrohabiraracrosstherangeof the
bird. Givenexistinghigh fire risksand the
currentstateof southwesternforests,we expect
thatnet macrohabirarchangeover the next 10
yearswill benegative.Althoughsomeareaswill
developinto habitatas theresultof succession
and pastmanagementactivities, the Team
assumesthat (1) mostacreagecurrentlyon a
trajectoryto becomehabitatwill nor do so
duringthe life of theplan,and (2) somehabitat
will belost to fire duringthe next 10-15years
(II.D). Thus,theTeamanticipatesa slight
declinein the totalacreageofspottedowl
macrohabirarduring theshort term.Unfortu-
nately,we cannotspecifyapriori a threshold
levelof habitatloss that the spottedowl popula-
tion cansafelyendure.That relationshipcan
only be evaluatedby combiningthe resultsof
populationand habitat monitoring.

The secondtask forhabitatmonitoringis to
evaluatewhetheror nor managementprescrip-
rions wereimplementedeffectively, andwhether
treatedstandswill remainor become owlhabitat
in thenearfuture. Prescriptionspertain prima-
rily to the useof prescribedfire andvarious
silvicultural tools. Monitoring to meetthis
objectivewould entailpre-trearmentsamplingto
measureexistinghabitatattributes,andpost-
treatmentsamplingto verify that the prescrip-
tion metthe intentof the treatment. Attributes
to besampled includeboth those typically
measuredduringstandexaminationsandalso
additionalvariablesnortypically measuredbut
that arestrongcorrelatesof owl presence(e.g.,
canopycover,log volume).The generaldesign
for measuringowl habitatcan bemodified to
monitor otherecosystemattributesas well. That
is, additionalvariables can bemeasuredbesides
thoseneededfor spottedowls asrequiredfor

otherecosystemmanagementobjectives.These
typesof coordinatedeffortswill be crucial to
meetingthe monitoringneedsinherentto both
ecosystemandadaptivemanagement.

Long-term ManagementPlan

As described inPart I, this RecoveryPlanis
intendedto guidemanagementfor Mexican
sportedowls over thenext 10-15years. If imple-
mentedas recommended,significantresearch
will be conductedduringthis periodand impor-
tant newinformationwill becomeavailable,
specifically data on owlbiology, population
structure,andeffectsof certainmanagement
practices on owlhabitat.Further, theguidelines
thatwe proposefor managing restrictedareas
(III.B) will providea foundationupon which
long-termmanagementmight be based.Evalua-
tion of this approachandthe information
providedthroughresearchandmonitoringwill
be integralto developingandrefining a long-
term planfor managingthe Mexicanspotted
owl. Such aplanwill be requiredbefore delisring
can beconsidered.

Delisting at the RU Level

TheTeamrecommendsthat oncethepopu-
larion and habitatareshownto be stable or
increasing,delisring shouldbeconsideredat the
RU level. Whendelisringis considered,atten-
tion must focus on theresolutionof known
threatsandthe identificationof emergingthreats
thatcould potentially compromise population
viability. Similarly, spottedowl habitatmustbe
monitoredin eachRU to determinetrends.
Monitoring will revealhabitatdecline, improve-
ment,or relativestability.The reasoningis thatif
the threats areremovedor adequately regulated
and if habitattrendsarestable or showing
improvement,protection underthe Act will no
longer be necessary.Conversely, ahabitatdecline
or a lackof adequate regulatory mechanisms
(otherthanprovidedby theAct) would warrant
continuedprotection undertheAct.

The reasoningbehindmonitoringpopula-
nonlevelswithin threeRUs and habitatin all
RUs is as follows. A viable corepopulationwill
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exist in thethreeRUs if the populationis shown
no be stable or increasing. Therefore,if habitat
rangewideis also stable orincreasing,thecore
populationis providedthe opportunityof
expandingits areaandgreatly increasingthe
persistenceprobability of the subspecies.As
discussedby Keirn et al. (1995),some key
unoccupiedhabitatpatchesarepotentially
significantin theexpansionof the corepopula-
non.

Moderating and Regulating Threats

Threatsno be moderatedincludethosethat
needsite-specifictreatmentno alleviate them.
The primarythreatthroughoutthe forestedU.S.

rangeof the Mexicanspottedowl is the threatof
widescale,stand-replacingfire. For threatsno be
consideredas moderated,reasonableprogress
musthavebeenmadein removingthethreats
andadequateassurance, inthe form of the long-
term managementplan describedabove,must
exist that thoseprogramswill continueas neces-
sary.

Threatsto beregulatedincludethoseresult-
ing from agencymanagementprogramsor other
anthropogenicactivitiesthatare eitherongoing

or reasonablycertainno occur.A partial listing of
threatsbesidesfire include:

1. Timber or fuelwoodharvestthat either
directlyaffects habitatwithin a territory
or indirectly affectsthe owl by collateral
activity adjoiningowl territories;

2. urban andrural landdevelopment;

3. livestockandwildlife grazing;

4. recreationinvolving both consumptive
andnonconsumpriveactivities.

Habitat Trends Within Recovery Units

For thespottedowl to bedelisred withinany
RU, thefollowing conditionsmustbe met. First,
threatsto the continuedlossof habitat andkey
habitatcomponents mustbemoderated and
regulatedas detailedin the previoussection.
Second,habitattrendsmustbe monitoredno
assessgrosschanges inhabitatquantitywithin
each RU.Third, effectsof modifying activities
within existingandpotentialspottedowl habitat
mustbe monitoredno ensurethatexisting
habitatis maintained andpotentialhabitatis
progressingtowardsbecoming replacement
habitat.
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B. GENERAL APPROACH

The RecoveryPlanrecommendationsarea
combinationof (1) protectionof bothoccupied
habitatsand unoccupiedareasapproaching
characteristicsof nestinghabitat, and(2) imple-
mentationof ecosystemmanagement within
unoccupiedbut potentialhabitat. Thegoal is no
protectconditionsandstructuresusedby spot-
ted owls wheretheyexistandto setotherstands
on atrajectoryto grow into replacementnest
habitator no provideconditionsfor foragingand
dispersal.By necessitythis Planis a hybrid
approachbecausethestatusof theMexican
sportedowl as a threatenedspeciesrequires some
level of protectionuntil the subspeciesis
delisred.These constraintsmodify waysand
opportunitiesno manageecosystemswithin
landscapeswhereowlsoccuror mightoccurin
the future. We areapplyingecosystemmanage-
ment in two slightly differentways.Within
unoccupiedmixed-coniferandpine-oakforest
on <40% slope, weprovidebothgeneral(coarse
filter) andspecific (fine filter) guidelinesno
provide asustainablequantityof replacement
nest habitatacrossthe landscape.Within other
unoccupiedforest andwoodlandtypes (e.g.,
ponderosapine,spruce-fir, aspen,andpinyon-
juniper),generalguidanceis providedfor man-
aging thelandscapeno meet multipleecosystem
managementobjectivesincludingspottedowl
foraginganddispersalhabitat.

Managementpriority shouldfocus on
actionsno alleviatethreatsno Mexicanspotted
owls; thereafter, or incoordination withalleviat-
ing threats,othermanagementpriorities (e.g.,
creatingreplacementowl habitat) shouldbe
pursued.Two primary threatsthat managers
shouldfocus onare catastrophicwildfire and the
widespreaduseof even-agedsilviculnure.

Heavy accumulationsof ground andladder
fuels haverenderedmanySouthwesternforests
vulnerableno stand-replacingfires. Such fires
representreal and immediatethreatsno the
existenceof spottedowl habitat.The manage-
mentguidelinesthat follow are intendedto
providelandmanagerswith flexibility no reduce
thesefuel levelsandabatefire risks.Fire manage-
mentshouldbe given thehighestpriority.

Even-agedsilviculnurewithin potentialowl
habitatis regardedas a threatbecausein tendsto
simplify standstructureandmove standsaway
from containingstructuresused byowls. We
recognize, however,thatsuchregenerationcuts
mayprovideuseful tools incertaincircumstances
no manage forspottedowls andotherecosystem
objectives.Any useof even-agedmanagement
should bedonesparinglyandonly afrercareful
deliberationto ensurethatin representsthebest
approachno meet managementobjectives.

Underproposeddelisningcriteria the owl
could be delisredwithin 10 years,renderingthe
protectionmeasuresin thisRecoveryPlan
obsolete. Arthat rime, weanticipatehaving
sufficient knowledgeno design astrategyfor
long-termconservationof the Mexicanspotted
owl. Many of the ecosystemmanagement
guidelinesprovidedin this Planwill providea
foundationfor developmentof the long-term
strategy.In formulatingour recommendations,
we assumethatpopulation and habitatstatus
will be monitoredin conjunctionwith imple-
mentationof thesemanagementguidelines.This
RecoveryPlan is analogousno a three-legged
stool (FigureIII.B.l); therefore, themanage-
ment guidelinesare nor meantto standalone.
Monitoring provides objective criteriano assess
the efficaciesof the managementguidelines.
Without bothhabitat andpopulationmonitor-
ing, the statusof the owl cannotbeassessedand
in shouldnor be delisred. Wefurtherassumethat
existingmanagementconstraintson vegetative
manipulations(suchas size of openingsand
maintenanceofhiding and thermalcover for
otherspecies) will remainin place.This assump-
non is especiallycritical for vegetationtypes--
ponderosapine,pinyon-juniper,aspen,and
spruce-fir--forwhich we provideno specific
managementrecommendations.

ASSUMPTIONS AND GUIDING
PRINCIPLES

The recommendationsproposed hereare
based onseveralkey assumptions abouthabitat
requirementsof the Mexicanspottedowl, anda
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Figure III.B.1. Conceptualizationof theRecovetyPlanandneeds fordelisningof the Mexican
sportedowl depictingthe interdependencyof population monitoring,habitatmonitoring, andman-
agementrecommendations.

numberof guidingprinciples.Theseare enumer-
aredbelow.

Assumptions

1. Spottedowl distributionis limited
primarily by theavailability of habitat
types used fornestingand/orroosning.

2. Habitatsusedfor nesning/roostingalso
provideadequateconditionsfor foraging

anddispersalactivities.Thus,providing
nesning/roosninghabitatpartially meets
othersurvival requirementsaswell. In
turn, somestandstructuresnonused for
nesning/roosningmayprovideadequate
conditionsfor otheractivities suchas
foraginganddispersal.Theseinclude
some stands inyoungerseralstagesthan
typical nesning/roosninghabitat.

3. Nesning/roosninghabitatin forestenvi-
ronmentsis typified by certainstructural
features,including large treesandlate
seral characteristics,which arecommon
in, bun nor restrictedno, old-growth
forests.

Population
Monitoring

Forestednesting/roosninghabitat is
typically found in mixed-conifer,pine-
oak, andniparian forests.Otherhabitat
types are usedprimarily for foraging,
dispersal, orwintering.Thus,thedistri-
bution of nesning/roosninghabitatis
naturally discontinuous.Further, the
potentialdistributionof suchhabitat is
quite limited in someareas.

5. The presenceof shade-intolerantspecies
in manyspottedowl nest/rooststands
suggeststhat theseareasaredynamicand
have developed over time,often from
moreopenstands.Disturbanceevents
leadingno forest canopygapsmay be
importantin maintainingshade-intoler-
ant species,particularly in mixed-conifer
stands.

6. Existingstandstructuresusedby Mexi-
canspottedowls for nesning/roosting
generallyhavenot beena targetof
plannedsilviculnural treatments.Where
suchconditionsexist in managedstands,
theyaremorethanlikely an unplanned

Owl Delisting

Management
Recommendations

Habitat
Monitoring

4.
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ratherthanpurposefulresult.The
existence0f Mexicanspottedowl nest-
ing/roostinghabitatusually resultsfrom
the lackof recentalterationof forest
structuresin certainlandscapes.

Guiding Principles

1. Silviculnural applicationsmustbe evalu-
ared overtime by rigorousmonitoring
proceduresno assesstheir effectivenessin
managingor creatingowl habitat.

2. Obtaininglargetreesis a functionof
both rime andsite productivity.Simi-
larly, manylateseralcharacteristics
typical of owl habitat,suchas broken-
toppedtrees, snags,largedownedlogs
andthe sharingof growingspaceamong
multiple shade-tolerantand intolerant
species,areattainedprimarily through
rime.

3. AlthoughthisRecoveryPlanrepresentsa
shorn-termstrategy,managementactions
recommendedhereinwill have long-
term consequences.Therefore,care
shouldbe takento preservefuture
optionswhile evaluatingthe effectiveness
of proposedtreatments.

GENERAL RECOMMENDATIONS

Generalmanagement recommendationsfor
usethroughouttherangeof the Mexicanspotted
owl aregiven here.Thesegeneralrecommenda-

apply primarily no forestedareas,and
aspectsof therecommendationsare moreappli-
cableno somelocationsthanothers.Becausethe
severityof potentialthreatsvariesamongRUs,
thegeneral guidelinesshouldbe prioritizedand
appliedaccordingly.Specific management
priorities are emphasizedin sections onindi-
vidualRUs, aswarrantedby the differences
amongRUs.

Threelevelsof habitatmanagementare
given in this RecoveryPlan: protectedareas,
restrictedareas,andotherforest andwoodland
types (Figure III.B.2). Protectedareasreceivethe
highestlevel of protectionunderthis plan,other
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forest andwoodlandtypesthe lowest. Guidelines
proposedin this RecoveryPlan rakeprecedence
over otheragencymanagementguidelines in
protectedareas.Guidelinesfor restrictedareas
are less specificandoperatein conjunctionwith
ecosystemmanagementandexistingmanage-
mentguidelines.We proposeno owl-specific
guidelines for landsnor includedin protected
andrestrictedareas;theseareaswill continueno
be managedunderexistingguidelines, assuming
thanthe emphasisis towardsecosystemmanage-
ment.

Oneguidelinethatappliesno all areaswith
anypotentialfor owl useis no inventoryfor
sportedowls beforeimplementinganymanage-
ment actionthat will alter habitatstructure.If
resultsof pastinventoryefforts candemonstrate
unequivocallythat no spottedowls havebeen
detected withina given areaor habitat and that
theprobabilityof detectinga bird thereis small,
thenfuture surveysmaynon beneeded.Under
such circumstances,concurrencemust be
grantedby theRecoveryTeamthroughthe
appropriateRU working ream.

ProtectedAreas

Protectall Mexicansportedowl sitesknown
from 1989 through the life of the RecoveryPlan
(ProtectedActivity Centers),all areasin mixed-
conifer andpine-oaktypes(definedin IL.C) with
slope>40% wheretimberharvesthasnon oc-
curredin thepast20 years,andall legally and
administrativelyreservedlands.Specific guide-
linesandthe rationalefor these guidelinesare
providedbelow.

Protected Activity Center (PAC)

Guidelines.—Eighnspecificguidelinespertain no
the designationandimplementationof PACs.
Theseguidelines supersede steep slopeguide-
lines; that is, steep slopesoccurringwithin PACs
shouldbe managedunderPAC guidelines.

1. EstablishPACsan all Mexicanspotted
owl sitesknownfrom 1989 throughthe
life of the RecoveryPlan,includingnew
sireslocatedduringsurveys.PACsshould
alsobe establishedananyhistoricalsires
within the ColoradoPlateau,Southern
RockyMountains- Colorado,and
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Figure IIL.B.2. Generalizationof protection strategies byforest/vegetationtype.Proportionsarenon
no scale.
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SouthernRockyMountains- New
Mexico RUs. Identify the activity center
within each PAC.“Activity center” is
definedas thenestsine,a roostgrove
commonlyusedduring thebreeding
seasonin absenceof averified nestsite,
or thebestroosning/nesninghabitatif
both nesting androosninginformation
are lacking. Site identification shouldbe
based onthe bestjudgementof a biolo-
gist familiarwith the area.Delineatean
area noless than243ha (600ac) around
this activity center using boundariesof
knownhabitatpolygonsand/ortopo-
graphicboundaries,suchas nidgelines,as
appropriate(FigureIII.B.3). The bound-
ary should enclosethebestpossibleowl
habitat,configuredinto ascompacta
unit as possible,with the nestor activity
centerlocatednearthe center.This
should includeas much roost/nest
habitatas is reasonable,supplementedby
foraginghabitatwhere appropriate.For
example,in a canyoncontainingmixed-
conifer onnorth-facingslopesand
ponderosapineon south-facingslopes,in
maybe moredesirableno includesome
of the south-facingslopesas foraging
habitatthanno attemptno include243
ha (600ac) of north-slopehabitat.In
manycanyonsituations,oval PACsmay
make moresensethan,for example,

circularPACs; but oval PACs couldstill
includeopposingcanyonslopesas
describedabove. All PACsshould be
retainedfor thelife of this Recovery
Plan, evenif spottedowls arenor located
therein subsequentyears.A potential
exceptionno this rule is described in #8
below. Feedback on PACdelineation
shouldbe providedno managersthrough
RU working groups(seePartIV). PAC
boundariesmaynon overlap.

2. No harvestof trees >22.4 cm(9 in) dbh
is allowed in PACs.Harvestof anytrees
is only permittedas in pertainsno 5
below.

3. Fuelwoodharvest withinPACsshould be
managedin such a wayas no minimize

effectson the owl, insprey, and their
habitats.The mosteffectivemanagement
no meetthese objectivesmaybeno
prohibit such harvest.However,we
recognizethat in maybe virtually impos-
sible no enforcesuchaprohibitionand
restrictaccessno all PACs for fuelwood
harvest.Whenfuelwoodharvestin PACs
is unavoidable,we advocatetheuseof
variousformsof managementthancan
regulateaccessno PACs andno the types
of fuels harvested. Potentialformsof
fuelwoodmanagementinclude road
closures,prohibitingharvestof impor-
tanttreespeciessuchas oaks,prohibiting
harvestof key habitatcomponentssuch
assnagsandlargedownedlogs (>30 cm
[12 inch] midpoint diameter),and
encouragingtheharvestof smalldiam-
eter conifers in accordwith Scbelow.
Prohibitingfuelwoodharvestof key
habitatcomponentssuchas oaks,snags,
andlargelogs shouldbe appliedboth
insideandoutsideof PACs no ensurethat
these specialcomponentsremainon the
landscape.

4. Road ortrail building in PACs should
generallybeavoidedbun maybe allowed
on a case-specificbasisif pressingman-
agementreasons can bedemonstrated.

5. Implementaprogramconsistingof
appropriatetreatmentsto abatefire risk.
The intentof this programis no assess
thecombinedeffectsof thinningandfire
on spottedowls and theirhabitat.The
program shouldbe structuredas follows:

a) Select up to 10%of thePACswithin
each RUthatexhibit high fire risk
conditions.Nestsitesmustbe known
within thesePACs. Ideally, a paired
sampleof PACsshouldbe selected to
serveas control areas.

b) Within each selectedPAC,
designate40 ha (100acres)
centeredaroundthe nestsire.
This nestareashould include
habitatthatresemblesthe structural
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andflorisnic characteristicsof the
nestsite. These40 ha (100acres)will
bedeferredfrom the treatments
describedbelow.

c) Within the remaining203 ha (500
acres),combinationsof thinning
trees<22.4cm (9 inches)dbh,
treatmentof fuels, andprescribedfire
can be usedno reducefire hazardand
no improvehabitat conditionsfor
owl prey. Habitatcomponentsthat
shouldbe retainedor enhanced
includelargelogs (>30 cm [12
inches]midpoint diameter),grasses
andforbs, andshrubs.Thesehabitat
componentsare strongcorrelatesof
the presenceof manykey prey
speciesof the owl. Emphasisof the
spatialconfigurationof treatments
should be no mimic naturalmosaic
patterns.

d) Treatmentscanoccuronly during
the nonbreedingseason(1 Septem-
ber-28February)no minimize any
potentialdeleteriouseffectson the
owl during the breedingseason.

e) Following treatmentsno 10% of the
PACs,effectson theowl, prey
species,andtheir habitats shouldbe
assessed.If sucheffects are non-
negative,an additionalsampleof
PACs maybe treated.If negative
effects aredetected,theseeffects
must becarefully evaluated.If they
can beamelioratedby modifying
treatments,thosemodifications
shouldoccur prior no treatmentof
additionalPACs. If not, no addi-
nional treatmentsshouldbe permit-
red.

6. Within the remainingPACs, light
burningof groundfuels maybe allowed
within the SOO acressurroundingthe
100-acre PAC centers(Sb above),follow-
ing carefulreviewby biologistsandfuels
managementspecialistson a case-specific
basis.Burnsshouldbe designedand

implementedno meetthe objectives
notedin Sc above.Burns shouldbedone

only during the nonbreedingseason
(1 September-28February).

7. Within PACStreatedno reducefire risk,
either by the useof prescribedfire alone
or in conjunctionwith mechanical
removalof stemsand groundfuels, pre-
and post-treatmentassessments(i.e.,
monitoring) of habitat conditions and

owl occupancymustbe done.Specific
habitatcharacteristicsthat shouldbe
monitoredinclude fuel levels,canopy
cover,snag basalarea,volumeof large
logs (>30 cm [12 inch] midpointdiam-
ener), andlive tree basalarea.

8. If astand-replacingfire occurswithin a
PAC, timbersalvageplansmust be
evaluated on acase-specificbasis.In all
cases,the PAC anda buffer extending
400m from the PAC boundarymustbe
surveyed forowls following the fire. A
minimumof four visits, spacedan least
oneweekapart,mustbe conducted
before non-occupancycan beinferred.If
the PACis still occupiedby owls or if
owls arenearby(i.e., within 400m of the
PACboundary),thenthe extentand
severityof the fire shouldbe assessedand
reconfigurationof the PACboundaries
might beconsideredthroughsection7

consultation.If no owlsaredetected,
thensection7 consultationshouldbe
usedno evaluatethe proposedsalvage
plans.If informal consultationcannon
resolvetheissuewithin 30 days,the
appropriateRU working teamshouldbe
brought intothe negotiations.

Salvageloggingwithin PACsshould
be the exceptionratherthanthe rule.
The RecoveryTeam advocatesthe
generalphilosophyof Beschnaet al.
(199S) forthe useof salvagelogging. In
particular: (1) no managementactivities
shouldbe undertaken thatdo non
protectsoil integrity; (2) actionsshould
nonbe donethat impedenaturalrecovery
of disturbedsystems;and (3) salvage
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activitiesshouldmaintainandenhance
nativespeciesand naturalrecovery
processes.Further,anysalvageshould
leaveresidualsnagsandlogs an levelsand
size distributionsthatemulatethose
following pre-sentlement,stand-replacing
fires. Scientificinformationapplicableno
local conditionsshouldbethe basisfor
determiningthoselevels.

Rationale.—Thepnimaty objectiveno be
achieved by theseguidelinesis no protectthe best
availablehabitatfor the Mexicanspottedowl,
while maintainingsufficientflexibility for land
managersno abatehigh fire risksandno improve
habitat conditionsfor the owland insprey.We
assume thanthe bestavailableowl habitatis that
which is currentlyoccupiedby owls, or that
occupiedby owls in the recentpast(since 1989).
The mediansize of the adaptivekernel contour
enclosing 7S%of the foraging locationsfor 14
pairsof radio-markedowls was 241 ha (59Sac).
Therefore,a 243ha (600 ac) PAC should
providea reasonableamountof protected
habitat andshouldprovide forthe nestsine,
severalroost sines,andthe mostproximal and
highly used foragingareas.We assumethat
existing managementguidelinesand those
discussedbelowfor areasoutsideof PACs will
ensurethe existenceof additionalhabitatappro-
priate for foraging.

The intent of these guidelinesis nor no
preservethese PACsforever,bun ratherno
protectthemuntil in can bedemonstratedthat
we can createreplacementhabitat throughactive
management.We describebelowin the section
coveringrestrictedareasthe approachfor manag-
ing no createreplacementhabitat.Onceland
managersdemonstratethat theycan create
replacementhabitat,andwhen monitoring
indicatesthatpopulations andhabitatsarestable
or increasing,PACscould be abolishedin
conjunctionwith delisningthe owl.

TheTeamrecognizesthatprotectionstatus
carriessome riskwith respectno probabilitiesof
catastrophicfire. The reasonfor theproposed
managementwithin PACsis no encouragea
proactiveapproachno reducefuel risksand
simultaneously enhancepreyhabitat.If these
objectivesare achieved,existingowl habitatwill

bemaintainedandin somecasesenhanced,

while identified risksof catastrophicfire will be
lessened.

Salvagelogging in PACs shouldbe allowed
only if soundecologicaljustification is provided
and if the proposedactionsmeetthe intent of
this RecoveryPlan, specificallyno protectexist-
ing habitat andaccelerate thedevelopmentof
replacementhabitat.Fires within PACsare nor
necessarily bad. Inmanycases,patchyfireswill
result inhabitatheterogeneityandmaybenefit
the owl andins prey. In suchcases,adjustments
no PAC boundariesare probably unnecessaryand
salvageshouldnon be done.Salvageshould be

consideredin PACsonly whenthe fire is exten-
sive in size andresults inthemortality of a
substantialproportionof trees.

Steep Slopes (outsideof PACs)

Guidelines. Within mixed-coniferandpine-
oaktypes, allow noharvestof trees>22.4 cm (9
inches) onanyslopes>40% wheretimber
harvesthasnon occurredin the past20 years.
(Mixed-coniferandpine-oaktypesfoundon
steepslopesthat have beentreatedwithin the
past20 yearsaremanagedunderrestrictedarea
guidelines below).Theseguidelinesalso apply no
the bottomsof steepcanyons.Thinningof trees
<22.4 cm (9 inches)dbh, treatmentof fuels, and
fire are allowed,as discussed inSc above.No
seasonalrestrictionsapply, however.Prescribed
naturalfire is also permittedas is the creationof
fire breaks on acase-specificbasis.

On steepslopes treated no reduce fire risk,
eitherby the useof prescribedfire aloneor in
conjunctionwith removalof stemsand ground
fuels, pre-and post-treatmentmonitoringof
habitatconditionsshouldbe done.Specific
habitatcharacteristicsno bemeasuredinclude
fuel levels,snag basalarea,volumeof largelogs
(>30 cmmidpointdiameter),andlive tree basal
area.

Rationale.—Theobjectiveof prohibitingtimber
harvestbun allowingtreatmentof fuels and
burningis no retainadditionalhabitatwith
existingconditionssimilarno owl nesning/
roosringhabitatwhile reducingfire risks.These
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conditionsappearno be foundcommonlyin
manure/old-growthstands,andsuchstandsare
now foundmostcommonlyon steepslopes
becausepastmanagementpractices havelargely
occurredon slopes<40%. We haverestricted
these guidelinesonly no the mixed-coniferand
pine-oaktypes becauseexistinginformation
indicatesthat the owl favors these types for
nesting androosring (GaneyandDick 199S).

Theseguidelinesdepartsomewhatfrom
recentmanagementfor steepslopeson south-
westernFS lands.R. Fletcher(FS Southwestern
Region,Albuquerque,NM, comment submitted
on drafrRecoveryPlan)notedthatonly about
1,21Sha (3,000acres)of steepslopeshavebeen
treatedsince 1987.Our guidelines emphasize
that greateracreageshouldbe treated through
thinningandfire if threatsof catastrophicfire
are no be decreased on steepslopes.We have
excepted steep slopesthatbeenharvestedin the
recentpastbecausemanyof theseareasmaynon
currentlyexhibit the forest structurespottedowls
use fornestingor roosring.Guidelinesfor
restrictedareasapplyno these lands.

ReservedLands

Guidelines. Encouragethe useof prescribed
naturalfire where appropriatein Wilderness,
ResearchNaturalAreas,andotherreserved
lands.

Rationale. Prescribednaturalfire maybe
beneficialno owl habitatin severalways.First, in
can aid inreducingfuel loadsand risk of cata-
strophicwildfire resulting in loss of habitatover
largeareas.Second,in can create a diverseland-
scapewith considerablehorizontal heterogene-
ity. This seemsno be relativelycharacteristicof
manyareasoccupiedby spottedowlsand also
providesfor a diversepreybase.Third, in can
createconditionsthatmaintainshade-intolerant
speciessuchas ponderosapineor Gambel oakin
the landscape.Prescribedfires shouldbe used
carefully in sportedowl habitat,however;and
the resultsshouldbe monitoredno evaluatethe
effectson habitatcomponentssuspectedto be
importantno thespottedowl andins prey, such
as largesnagsand logs.

Restricted Areas

Non all lands can orshouldreceiveequal
protection.We providedguidelinesaboveno
protectall occupiednesting androosninghabitat,
as well asunoccupiedsteepslopesandreserved
lands. Potentialexists,however,for theowl no
use other,unoccupiedareas.Thus,we provide
additionalguidelinesno maintainanddevelop
potentialnestingandroosninghabitatnow and
into the future. The guidelinesthatwe present
arestratified by broadvegetativecover types:
mixed-coniferforest,pine-oakforest,andnipar-
ian areas.Definitions for pine-oakandmixed-
conifer forestsas applicableno these recovery
measures aregiven in II.C.

For themost part,these guidelinesapply no
planningareas.Planningareascan be diversity
units, saleplanningareas,or ecologicalareas,all
placeswheremanagementactivities areconsid-
eredandevaluated.The intent is no spread
activities over the landscaperatherthanconcen-
matingthem in particularareas.Management
within restricted mixed-coniferandpine-oak
forestsis derivedfrom conceptsof ecosystem
management.Ecosystemmanagement,however,
requiresecological assessmentsan hierarchiesof
spatialscales(Kaufmannen al. 1994:6).Thus,
although managementis appliedno planning
areas,in is crucial thatthe impactsare assessedan
larger spatialscales(e.g., landscape, subregional,
and regionalscales).

The underlyingobjectiveof thefollowing
guidelinesis no managethelandscapeno main-
rain andcreatereplacementowl habitatwhere
appropriate,while providinga diversityof stand
conditions andstandsizesacrossthe landscape.
As notedpreviously,we assumethatthe primary
limiting factorfor Mexicanspottedowlsis the
amountof nestinghabitat.A logical conclusion
from this premiseis that the landscapeshouldbe
managedno sustainowl nesting habitatwell
distributedspatially. Becausevariousnatural
processesleadno the development,maturation,
andsenescenceof such standsthroughtime,
managementshouldallocatestandsin such a
way as no mimic the naturallandscape. Wealso
assumethatprovidinga continuoussupplyof
nesting androostinghabitatrequires thanre-
mainingstands be in variousstagesof ecological
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succession.The landscapemosaicresultingfrom
such anallocationshouldensureadequate
nesting,roosning,andforaginghabitatfor the
owl, andhabitatsfor ins variety ofprey.

Existing Conditions

Ideally, assessmentsof existingconditions
shouldfollow the spatialhierarchy presentedby
Kaufmannen al. (1994:6).An the very least,
existingdistributionsof seralstagesshould be
assessedan the planninglevel, landscape,subre-
gional, andregionalscales(sensuKaufmannen al.
1994). We recognizethat informationmaybe
inadequateno conductassessmentsan larger
spatialscales,bun this constraintshouldbe
amelioratedas resource agenciescontinueno
acquireappropriatedata.Existingvegetative
conditionswithin mature-oldstandsmustalso
be assessedno determine the treatmentpotentials
within those stands.However,giventhe high
frequencyof recentstand-alteringdisturbances,
manyareasare likely deficientin matureno old-
growth forests.Thus,anytreatmentsno these
standsshouldbe appliedjudiciously, if at all.

Reference Conditions

Nestingand roosting target/threshold
conditions.—Forestedstandsusedby spotted
owls havecertainstructuralfeatures incommon.
Theseconditionsdo not, norcan they,occur
everywhere.For example,manysouth-facing
slopesmayneverattainthis typeof forest struc-
ture. In is impossiblefor us no imagineevery
possiblemanagementscenario,and thislimits
our ability no formulatespecificguidelinesthat
would be appropriateno all situations.Our
intent hereis no protectappropriatenesting
habitatstructurewherein existsandmanage
otherstandsno developtheneededstructure.

Althoughour knowledgeof spottedowl
habitat is incomplete,nesning/roosningstands
exhibit certainidentifiable features,including
hightree basal area,large trees,multi-storied
canopy,high canopycover, anddecadencein the
form of downedlogsand snags(GaneyandDick
199S). Further,these standsoftencontaina
considerablehardwoodcomponentgenerally
providedby Gambeloakin ponderosapine-
Gambel oakforestsandby variousspecies(e.g.,

oaks, maples, boxelder, aspen) inmixed-conifer
forests.

We used tree basalarea,large tree (>4S.7 cm
[18 in] dbh) density,and treesize-classdistribu-
non as the variablesno define target/threshold
conditions(TableIII.B. 1). Othervariables such
as snagsand downedlogsareimportantas well.
We assumethat if the basalareaandtreedensity
levelsgiven in Table III.B. 1 exist, adequate
amountsof snagsand downedlogs (andother
habitatelements)shouldbe present.

The valuesprovidedin Table III.B. 1 repre-
senttargets inthat theydefine the desired
conditionsno be achievedwith time andman-
agement.Theyalso representthresholdcondi-
nionsin that theydefine minimal levelsthat
mustbe maintained.Thanis, activities canoccur
within standsthatexceedtheseconditions,bun
the outcomeof such activities cannonlower the
stands belowthe thresholdlevelsunless large-
scaleecosystemassessmentsdemonstratethat
suchconditionsoccurin a surplusacrossthe
landscape(seebelow). Notethat all valuesmust
be mensimultaneouslyfor a standno meetnargen/
thresholdconditions.

We used twoprimarytypesof information
no definetarget/threshold conditions.First, we
usedquantitativedescriptionsof site-andstand-
level habitatconditions.Second, weestimated
theproportionof thelandscapethat could
sustainthoseconditions throughrime.A similar
approachwas providedfor managingnorthern
goshawkhabitatin the southwest(Reynoldsen
al. 1992).Thus,our approachis non without
precedence.

Despite repeatedattemptsby the Recovery
Teamno obtaindatafrom land-management
agenciesand researchers,only limited dana were
availablefor ouranalyses.We usednest-sitedata
collected bySWCA (1992) which includedplot
measurements centered(1) aneachnestlocation,
(2) a randomlocation withineachneststand,
and (3) arandomlocation withinastandadja-
cent no the neststand(seeGaneyandDick
[199S] formorederailedinformation). We also
usedFS standinventorydanaprovidedby the
Coconino,Apache-Singreaves,andLincoln
National Forests.Thesedataconsistedof stand-
level danastratified by nest, core,andterritory
stands. Coreandterritory delineationswere
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Table III.B. 1. Target/thresholdconditionsfor mixed-coniferandpine-oakforestswithin restrictedareas.Foresttypes aredefinedin IJ.C.

% stand % stand % stand

RecoveryUnits density oftrees densityof trees
30.5-45.7cm dbh 45.7-61 cmdbh

Forest type % of area1 (1218in) (1824in)

densityof trees
>61 cm dbh

(>24 in)
Treebasal

area2
Densityof large

trees3

Basin andRange- East RU

Mixed-conifer 20 10 10 10 32 (150) 49 (20)

Mixed-conifer 10 10 10 10 39 (170) 49 (20)

All RUs, exceptBasin andRange - EastRU

Mixed-conifer 25 10 10 10 32 (150) 49 (20)

Mixed-conifer 10 10 10 10 39 (170) 49 (20)

ColoradoPlateau, UpperGila Mountains, Basin andRange- WestRUs

Pine-oak4 10 15 15 15 32 (150) 49 (20)

% of areapertainsto thepeteentof the planningarea, landscape,subregion,andregionthat must meettarget/thresholdconditions.For mixed-coniferforestswithin

Basin andRange- Eastandthenfor all otherRUs, the percentagefigure onthe secondline is a subsetof the percentagefigure givenimmediatelyabove.
2 Basalareais m2/ha (ft’/acre).

Trees>45.7cm(18 inches)dbh. Densityis trees/ha(trees/acre).

‘~ For pine-oak,4.6 m2/ha(20 fr2/acre)of oakmustbe providedasa threshold/targetcondition.
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basedon FS managementguidelinesfor the
Mexicansportedowl providedby ID No. 2 (see
Parr I). Wehadno wayno assessthe accuracyof
the dana.Different methodswere usedno collect
the SWCA datafrom those usedno collect the
FS dana,thusdirect comparisonsaretenuous.
Neitherdatasenwas collectedspecificallyno
addressour objectives;thus, thedata were less
thanoptimal for our purposes.Further,numer-
ous peoplecollected dataandwe cannonassess
inner-observervariation (Block en al. 1987).As

obviousas thesepointsmaybe, theygreatly
limited theinferencesthatwe could makebased
on our analyses.Thus,we relied on our best
professionaljudgementno evaluatethe analyses
andformulateour recommendations.

We exploredseveralanalysesno derivenargen/
thresholdconditionsincludingempirical
univarianeand mulnivariareanalyses,andmodel-
ing. Most analysesconvergedon asen avalues
thanwerevalidatedby existingdataon spotted
owl nestinghabitat.

We usedthe following approach.First, we
used theSWCA (1992)danano characterizenest
stands onthebasis of tree basalarea,densityof
largetrees,andthe distributionof standdensity
by size classes.Next, we usedthe availableFS
standdatano identify the percentageof the
contemporarylandscapethat simultaneously
meets thesevalues.Third, we modeledforest
stands undervariouspost-disturbance/stand
initiation conditionsusingthe Forest Vegetation
Simulator (Wykoff en al. 1982, Dixon 1991,
Edminsteren al. 1991). This modelallowed usno
predictthe amountof time thata standwould
be in each successionalstage,including the
amountof time thestand wouldretain orexceed
the characteristicsrequiredfor nestingand
roosning.Knowledgeof how long astandmeets
or exceedstargetconditionswas usedno estimate
the proportionof the landscapethat shouldmeet
or exceedthesestandconditionsan a given time.

Analyseswereconductedseparately for
mixed-coniferandpine-oakforests.We also
providetwo setsof values for mixed-conifer
forest thanreflect different target/threshold
valueswhich areappliedno differentproportions
of the landscape(Table III.B.1). We reiterate
thanall target/thresholdvaluesmustbe men
simultaneously. Forexample,within mixed-

conifer forestsin all RUs exceptBasin andRange
- East,23% of the landscapeshould consistof
standsthat have >32 m2/ha (130fn2/acre)of tree
basal area,and include >49 trees/ha(20 nrees/
acre)that are >4S.7 cm (18 inches)dbh.Man-
agementshouldstrivefor an evendistributionof
standdensityacrossall sizesclasseswith no less
than10% of the distributionof standdensityin
eachof the upperthreesize classes:30.S-4S.7cm
(12-18 inches),4S.7-61.0cm (18-24 inches),
and>61.0 cm(24 inches).Also, 10% of the total
landscape(a subsetcontainedwithin the 2S%

discussedabove),shouldhave >39 m2/ha(170

fn2/acre)of basal area inaddition no thelarge
treesand distributionof treesby size class.
Target/thresholdconditionsfor mixed-conifer
forestsin the Basin andRange- EastRU differ
slightly in that landscape percentagesare20%
and 10%.The arealpercentagefor Basin and
Range- East RUis lower (20% comparedno
2S%) becauseof thehigh densityof owls in the
SacramentoMountainswhich effectively placesa
largeproportionof the landscape inprotected
status.Target/thresholdconditionsapply no only
10% of the pine-oakforest (TableIII.B.1).
Target/thresholdconditionsfor pine-oakforests
alsorequirethat >4.6m2/ha(20 fr2/acre)of oak
basal area bepresent,andthat all oaks >13 cm [5
inchesj dbhberetained(TableIII.B.1).

CoarseFilter

We recognizethatmostprojectplanning
occursan limited spatialscalessuchas4,OSO ha
(10,000acre)blocks.This limited spatial scale
precludesecological assessmentsan largerscales.
Because

0f this limitation, the arealpercentages
providedin Table III.B.1 should beregardedas
minimumlevelsfor a givenplanningarea.If a
deficit occurswithin the planningarea,addi-
nional standsshouldbe identified that (1) have
the sine potential no reach targetconditions and
(2) whosecurrent conditionsmostclosely
approachthoseconditions.Thosestandsshould
thenbe managedno achieve targetconditionsas
rapidly aspossible.However,if the proportionof
the planningareathat meets targetconditionsis
greaterthanthe percentagesin Table III.B.1,
noneof thosestandscan be lowered below
thresholdconditionsuntil ecosystemassessments
an larger spatialscales(landscape, subregion,
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region) demonstratethan targetconditions
exceedthe requiredarealpercentages(Table
III.B.1) an these largerscales.This doesnor
precludeuseof treatmentsno reducefire risks or
lesseninsector diseaseproblemsnor doesin
precludemanagementno meetotherecosystem
objectivesas long as stand-levelconditions
remainan or abovethethresholdvaluesgiven in
Table III.B.1.

Fine Filter

Overriding Guidelines. Managementactivities
than influencethe owl andins habitatshouldbe
conductedaccordingno the following overriding
guidelines:

1. Managemixed-coniferandpine-oak
forest typesno providecontinuous
replacementnest habitatover space
and time. Treatmentof a particular
standdependson ins capabilityno attain
the desiredstand conditions.Target
standstructurewould be thedescribed
conditionsfor nestingand roosning
habitat(TableIII.B.1) bun only the
portionof the landscapethancan be
sustainedthrough timeshouldbe in
thancondition.

2. Incorporatenaturalvariation, suchas
irregulartree spacingandvarioussrand/
parchsizes, into managementprescrip-
nionsand attemptno mimic natural
disturbancepatterns.

3. Maintainall speciesof nativevegetation
in the landscape,includingearlyseral
species.To allow for variation in existing
standstructuresandprovidespecies
diversity, bothuneven-agedandeven-
agedsystemsmaybe usedas appropriate.

4. Allow naturalcanopygapprocessesno
occur, thusproducinghorizontalvaria-
nonin standstructure.

SpecificGuidelines The following guidelines
areintendedno minimizethreatsno theMexican
sportedowl, retainandenhanceimportantbun
difficult-no-replacehabitatelements,andprovide
managementflexibility.

1. Emphasisshouldbe placedon uneven-
agedmanagementsystems.Existing
stand conditionswill determine which
silviculnural systemis appropriate.

2. Extend rotationagesfor even-aged
standsno >200years. Silviculnuralpre-
scniprionsshouldexplicitly statewhen
vegetativemanipulationwill ceaseuntil
rotationageis reached.This agemay
dependon sine quality, bun ceasing
activity an 140yearsandallowing 60
yearsfor unalteredstandmaturationand
senescenceseemsreasonable.

3. Within pine-oaktypes,emphasisshould
be placedon managementthan retains
existinglarge oaksandpromotesthe
growth of additionallarge oaks.

4. Retainall trees>61 cm [24 in] dbh.

5. Retainhardwoods,largedown logs,large
trees,andsnags.

6. Managementpriority shouldbe placed
on reducingidentified risks no spotted
owl habitat. Theprimaryexisting threat
is catastrophicwildfire. Thus,we
strongly encouragethe useof prescribed
andprescribednaturalfire no reduce
hazardousfuel accumulations.Thinning
from belowmay be desirable or necessary
beforeburningno reduceladderfuels and
therisk of crown fire. Suchthinning
mustemphasizeirregulartree spacing.

7. No standthat meetsthresholdcondi-
nionscan betreatedin such a wayas no
lower that stand below thoseconditions
until ecosystemassessmentscandocu-
ment that asurplusof these stands exist
an larger landscapelevels(e.g., no less
thanthesize of a FS District). Thisdoes
non precludeuseof treatmentsno reduce
fire risks or lesseninsect ordisease
problems,nor doesin precludemanage-
ment no meetotherecosystem objectives
as long as stand-levelconditionsremain
an or abovethethresholdvaluesgiven in
Table III.B.l.
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Rationale.—Thecollective goalof these general
andspecificguidelinesis no providespottedowl
habitatthat is well distributedover spaceand
rime.To accomplishthisgoal requiresmaintain-
ing or creatingstandstructurestypical of nesting
androosninghabitatsandsustaining themin
sufficient amountsand distributionno supporta
healthypopulationof Mexicanspottedowls. A
few guidelinesmerit furthercomment.

Retaininglarge treesis desirable becausethey
are impossibleno replace quicklyandbecause
theyare commonfeaturesof nesting androost-
ing habitatsfor the owl. Fire, viewedas a natural
formativeprocessratherthanas a destructive
anthropogenicprocess, can be usedadvanta-
geouslyno maintainor improvespottedowl
habitat.

Theguidelines presentedaboveshould nor
be misconstruedas onetime managementevents.
For example,large treesand snagsare required
by the spottedowl andwill continueno be
neededby theowl in the future. Further,the
approachoutlined aboveprovides afoundation
for the developmentof a long-term management
strategy.Oncetheowl is delisred, we expectthat
this generaltemplatecan be evaluated, fine-
tuned,andpossiblyappliedno PACsandsteep
slopes.

Riparian Communities

Guidelines.—Thegoals of these guidelines are
no maintainhealthy riparianecosystemswhere
theyexistandinitiate restorationmeasuresno
returndegradedareasno healthyconditions.

1. Maintain ripanianbroad-leavedforestsin
a healthyconditionwheretheyoccur,
especiallyin canyon-bottomsituations.
Where suchforestsarenon regenerating
adequately,activemanagement maybe
necessary.Possibleactionsno restore
theseforestsmayinclude reducing
grazingpressure,establishingriparian
exclosuresno manageforageuse better,
andshifting no winter grazingseasons.

2. Restorelowland niparianareas.Sported
owls once nested inripariangallery
forests.Conceivably,restorednipanian
forestscould contributeadditional

nestinghabitatin thefuture andcould
alsocreate a landscapethat is more
effectively connectedfor dispersingowls.

3. Emphasize a mixof size andage classes
of trees.The mix should includelarge
manuretrees,verticaldiversity, andother
structuralandflorisnic characteristicsthat
typify naturalnipanianconditions.

Rationale.—Weassume thanniparian forests
provideimportanthabitatfor spottedowls.
Many ripariansystemswithin the rangeof the
Mexicanspottedowl areextremely degradedas
the resultof pastmanagementpractices.Because
manyof these systemsare degradedandlittle
documentationof recentowl useexists,we have
little empirical informationupon whichno
providespecificguidelines.Thus,our underlying
premiseis that if nipariansystems arerestoredno
morenaturalconditions,the needsof theowl
(andnumerousotherspecies) willbe satisfied.
This is particularlytrue in canyon-bottom
situationsan middle andlower elevationswhere
little othertypical nestingor roosninghabitat
maybeavailable.We know thatcanyonbottoms
areusedextensivelyby the owl, thus in is impor-
rant no preserveandincreasethe quality of such
habitat.Weanticipatethat PACswill include
someof the bestof this typeof habitatthat still
exists,bun increasing thequantityanddistribu-
nonof healthynipanianhabitats providesthe
potentialfor increasingsportedowl habitat.
Furthermore, maintenanceof existing healthy
nipaniansystemsandrestorationof thosethat are
degradedwill benefitnumerousniparian-depen-
dentflora andfauna,andecosystemhealth
acrossthe landscape.

Other Forest and Woodland Types

Weproposeno specificguidelines forseveral
forest andwoodlandcommunitytypeswhere
theyoccuroutsidePACs.Theseincludeponde-
rosapine,spruce-fir,pinyon-juniper,andaspen
as definedin II.C. We emphasize,however,that
the lackof specificmanagementguidelines
within this plandoesnor imply thatwe regard
thesetypes asunimportantno the Mexican
spottedowl.
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The Team’srationalefor theserecommenda-
nions is based onextantinformationon the
natural historyof theMexicanspottedowl as
summarizedin PartII.A anddetailedin Volume
II. Theseforestsandwoodlandsare nor typically
used fornesting androosning.However,they
may providehabitatfor foragingandpossibly for
both dispersingandwintering sportedowls. Our
graspof the owl’s naturalhistory regarding these
behaviorsis incomplete,so wedo non fully
understandthe structuralfeatures the owl
requires forpursuingthese activities in these
forest andwoodlandtypes.Furthermore,some
of thebestforaginghabitatshouldbe protected
in PACs.All of thesecircumstancesallow usno
be less restrictive in thesecommunitytypes
without harmingthe owl or compromisingins
primaryhabitat.

With the exceptionof the acreageof these
typescontainedwithin PACs,we assumethatthe
remaininglands are usedprimarily for
foraging, wintering, migration,anddispersal.
Thus,we contendthan existingand planned
managementfor thesetypeswill maintainor
improvehabitatfor these needsof theowl. This
contentionis basedlargely on the assumption
thanexistingold-growthareaswill be maintained
acrossthe landscape,silviculnural practiceswill
favor selection overregenerationcurs, and
managementwill be guidedby ecosystem
approachesthat striveno providesustainable
conditionsacrossthe landscapethat fall within
the natural rangeof variation.

Guidelines developedfor protectedand
restrictedareasmayhave usefulapplications
when judiciouslyadministeredin theseother
forest andwoodlandtypes. Such guidelines
includemanagingfor landscapediversity, mim-
icking naturaldisturbancepatterns,incorporat-
ing naturalvariation in stand conditions,retain-
ing specialfeatures suchas snagsandlargetrees,
andutilizing firesas appropriate.We alsoem-
phasizethe needfor proactivefuels management
where appropriate.Decreasingfire riskswithin
thesetypes,particularlyponderosapineforests,
will also decreasefire risks no adjoining protected
and restrictedareasby minimizing the probabil-
ity of large landscape-level crownfires that could
impingeupon occupiedor potentialnesting
habitat.

GRAZING RECOMMENDATIONS

The explicit goalsof managinggrazingin
spottedowl habitatreflect the four manifested
influencesof grazingdiscussedin II.D. Those
influenceswere (1) alteredprey availability, (2)
alteredsusceptibilityno fire, (3) degenerationof
niparianplant communities,and (4) impaired
ability of plant communitiesno developinto
sportedowl habitat. Thegoalsthenbecome (1)
no maintainor enhanceprey availability, (2) no
maintain potentialfor beneficialgroundfires
while inhibiting potentialfor destructivestand-
replacingfire, (3) no promotenaturaland
healthynipanianplant communities,and (4) no
preservethe processesthatultimately develop
sportedowl habitat.

The Teamstronglyadvocates fieldmonitor-
ing andexperimentalresearchrelatedno the
impactsof grazingon the Mexicanspottedowl.
Only throughmonitoringand researchcan we
(1) develop acomprehensiveunderstandingof
how grazingaffectsthe habitatof the owl andins
prey; (2) determine theeffectivenessof current
grazingstandardsandguidelinesas theyrelateno
the owl’s needs;and (3) devisegrazingstrategies
thancanbenefittheowl andins prey.

Grazing Guidelines

The following guidelinesshouldbe applied
no all protectedandrestrictedareas:

1. Monitor grazinguseby livestockand
wildlife in “key grazingareas.” Key

grazingareasareprimarily niparianareas,
meadows,and oaktypes.Monitoring
shouldbegin bydeterminingcurrent
levels of use pluscurrentcomposition,
density,andvigor of the plants.Ulti-
inanely,monitoringshoulddetectany
change in the relativecompositionof
herbaceousand woodyplants.The intent
is no maintaingood no excellent range
conditionsin key areaswhile accommo-
daringthe needsof theowl andins prey.
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2. Implement andenforce grazingutiliza-
tion standardsthanwould attain good no

excellent rangeconditionswithin the key
grazingareas.Use standards(e.g.,FS
Region 3,RangeAnalysis Handbook)

than have been developedfor local
geographicareasandhabitat types--

particularlyin key habitatssuchas
niparianareas,meadows,and oaktypes--
than incorporateallowableuselevels

basedon currentrangecondition, key
species,andthe type of grazingsystem.

Establishmaximumallowable uselevels
thanareconservativeandthanwill
expediteattainingandmaintaininggood
no excellent rangeconditions.The
purposeof establishingthese uselevels is
no ensureallowable useof plant species
no maintainplantdiversity, density,
vigor, and regenerationover time.
Additionally, aprimarypurposeis no
maintainor restoreadequatelevelsof
residualplant cover, fruits, seeds,and
regenerationno providefor the needsof
preyspeciesanddevelopmentof future

owl foraging anddispersalhabitat.

3. Implementmanagementstrategiesthat
will restore goodconditionsno degraded
nipaniancommunitiesas soonas possible.
Strategiesmayincludereductionsin
grazinglevelsandincreasednumbersof
exclosures(i.e., fencing) toprotect
nipanianplant coverandregeneration,
andno preventdamageno streambanks
andchannels(Clary andWebster1989,
Plants1990). Inmanycases,degraded

nipanian areasmayrequirecompleterest
for periodsfrom a few yearsno 15 years
for the areano recover(Kennedy1977,
RickardandCushing1982, Claryand
Webster 1989).Additional strategiesmay
includethe useof riparian pastures,
limited winner use,doublerest-rotation,
andothermethodsthatemphasize
riparianvegetationandstreambank/
channelrecovery(Plants1990). Riparian
restorationprojectsthat includethe use
of exclosuresneednon requireexclosures
alongtheentire drainagecoursean one

time. Rather, systematic useof exclosures
thanprotect themostsensitiveportions
of riparian habitatsis encouraged.
Ripanianareascanalsobenefitfrom
protectionof adjacentuplandareas
(Bryant 1982).Placementof exclosures
(controls)and areasopenno grazing
(treatments)shouldbe designedno
permitdeterminationof effectson
severalecologicalresponses(e.g.,vegeta-

tion, erosion,water quality, preyavail-

ability).

Rationale for Grazing Guidelines

Someeffectsof excessivegrazingon vegeta-
nonand habitatfeaturesarepredictably nega-
nive, particularly in ripaniancommunities.

However, thecollective effectsof grazingare
neitheralwayspredictablenor alwaysnegative.
Effects dependon site-specificfactors suchasthe
grazing system,conditionof theplant commu-

nity prior no livestockgrazing,soil types,climate,

communitycompositionof plant species,and
the presence or absenceof aggressiveexotic plant
species.Succinctly,predictability is inexact;and
without predictabilitytheTeamcannongive
detailedandspecific recommendations.

We suggestthan,whenimplementedand
enforced, generalguidelinesand the standards
theyprescribewill promoteandmaintaingood
no excellent rangeconditionsover timeand
acrosscommunitiesusedby theowl. Despiteour

imprecise knowledgeof how grazingaffects
spottedowl habitat,the collective body of
ceeneralknowledge regardingthe impactsof
b

grazingon wildlife mandatesprudence.The
Teambelievesthat understandinghow grazing

affectsthe owl is paramount,andwe strongly
urge thanspecificgrazingpracticesandlevels of
grazinguse be carefully evaluatedthroughan
experimental approach(Bocken al. 1993).

Habitatsin protectedandrestrictedareas
shouldreceivehigh-priority managementatten-

tion relativeno grazing.Any nipaniancommuni-

ties of potential importancefor spottedowl
dispersalandwintering habitat shouldalso

receivehigh-priority attention.Suchattention

will non only benefit sportedowls bun many
other speciesin the Southwestaswell (Hubbard
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1977). Fundamentalno theguidelines for
grazingis the assumptionthat individual actions
havecollectiveeffects. For example,the shorn-
term goalof exclusionby fencingis no protect
nipanianplantsandno preventphysical damage
no streambanksandchannels(Clary and
Webster1989,Plants 1990).The long-termgoal
is that suchshort-term protectionultimately
allows spottedowl habitatno develop.Implicit in
this rationaleis that excessivegrazingsustained
for long periodsnon only deterioratespotential
or actualspottedowl habitatbun in alsoinevita-
bly leadsno a deteriorationof the very qualities
thanmakean areaattractivefor grazingin the
first place.

We alsoassertthatattainment andmainte-
ofgood no excellentconditionsin key

grazingareaswill translateno better conditionsin
the uplands.Most native andexotic ungulanes
preferentiallygrazewithin key areassuchas
meadowsandniparianareas.We assumethan if
these keyareasexhibit ecologically goodcondi-
tions, uplandforestsandwoodlandsshouldalso
be in goodcondition.Thus,negativeeffectsof
grazingthat leadno theestablishmentof ladder
fuels and“dog-hair” thicketsmaybe amelio-
rated.

RECREATION
RECOMMENDATIONS

Guidelines

The following guidelinesshould beapplied
no all protectedandrestrictedareas:

1. No construction,either of new facilities
or for expandingexistingfacilities,
shouldtakeplacewithin PACsduring
the breedingseason,1 March through
31 August.Any constructionwithin
PACs duringthe nonbreedingseason
shouldbe consideredon acase-specific
basis.Modifications no existingfacilities
pertainingno public safetyand routine
maintenanceare excepted.

2. Managersshould,on acase-specificbasis,
assessthe presenceandintensityof
allowablerecreationalactivitieswithin

PACs. Spatialand temporal restrictions

shouldbe consideredfor new activities.

3. Seasonalclosuresof specificallydesig-
natedrecreationalactivities shouldbe
considered where appropriate.

RECOVERY UNIT
CONSIDERATIONS

We review belowprimary threatswithin each

recoveryunit. Somethreatsare ubiquitous across

the rangeof the spottedowl, whereasothersare
limited no oneor few RUs.To place thesethreats
in perspective, we review below relevantinfor-
marion from Parr II.B for each RU.Manage-
mentpriorities within each RUshouldfocus on
the threatsidentified below.

Onemanagementconsiderationthan applies
no all RUsis the potentialfor migrationand
dispersalof spottedowls within and amongRUs.
Admittedly,we knowvery little of the prevalence
of such movements,nor do weknow muchof
the habitatsused. We suspect,however,that
movementsof birds maybe importantno gene
flow andthe maintenanceof a merapopularion
structure(Keirn en al. 199S).Thus,effortsshould
be madeno preserveoptionsby maintainingand
enhancingpotentialavenuesfor migrationand
dispersal.This could be particularlyimportantin
specificcanyons,nipanianareas,andmountain
rangesthanmight provide linkswithin, between,
and amongRUs.

Colorado Plateau

The ColoradoPlateauis thelargestof all
U.S. RUs. In encompasses thesouthernhalf of
Utah,muchof northernArizona, mostof
northwesternNew Mexico, anda smallportion
of southwesternColorado.In the northwestern
portionof thisRU, owls havebeenlocatedin
steep-walledcanyonswith apparentconcentra-
tions in the areasof Zion N.P., Capitol Reef
N.P., western AbajoMountains, and
CanyonlandsN.P Historicalrecords areavailable
from forestedhabitatson the Kaibab Plateauof
northernArizona. In the southeasternportionof
this RU, owls occurin bothsteep-sloped,mixed-
conifer forested canyonsandsteep-walled
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canyons onthe Navajo Indian Reservation;
knownconcentrations occurin the Black Mesa
areaandthe ChuskaMountains.Owls havealso
beenlocatedin mixed-coniferhabitatsin the
Zuni Mountains andon Mount Taylor (Figure
1I.B.3).

Owl distribution in this RU appearsno be
highly fragmented.This distributionalpattern
maybe naturalor the resultof inadequatesurvey
effort in somepartsof the RU. Extensivesurveys
have,however,beencompletedin thesouthern
Utahportionof this RU. Here,breedingowls
havebeenfoundonly in canyonswherethey
nestand roost incavesandon ledges.In south-
em Utah, nobreedingowls havebeenlocatedin
hundredsof thousandsof hecrares surveyed in
mixed-coniferor otherforest types inareaswith
lessthan40% slope.Therefore,we recommend
thansurveysin southernUtah emphasize steep
slopesandrocky canyons.

Potential Threats

Levelsof recreationalactivity are high and
increasing in someareasof thisRU, suchas
southernUtah. Some activitiesmaypotentially
leadno habitatalterationor direct disturbanceof
owls. Furthermore,owls in southernUtahnest
and roost incanyons,andthe physicalstructure
ofcanyonstendno magnifydisturbancesand
limit escape/avoidanceroutesfor owls. Potential
threatslisted in orderof severityfor the north-
westernportionof this RU includerecreation,
overgrazing,and road developmentwithin
canyons,andcatastrophicfire and timberharvest
within uplandforestspotentiallyused forforag-
ing, dispersal,andwintering.For thesoutheast-
em portion, threats includetimber harvest,
overgrazing,catastrophicfire, oil, gas,and
mining development,andrecreation(Utah
MexicanSpottedOwl TechnicalTeam 1994).

Southern Rocky Mountains - Colorado

Lying completelywithin the Snareof Colo-
rado, theSouthernRockyMountains- Colorado
representsthenortheasternextremeof the
Mexicanspottedowl’s range.Fewowls havebeen
detectedin this portionof ins range,andins
naturalhistory in Coloradois poorly under-
stood.However,the conditionof a speciesbeing

scarcean the peripheryof ins rangeis non un-
usual.Nestingandroosninghabitatmaybe
primaryconcerns,bun wintering habitatmaybe
an importantfactor in this RU. Althoughvery
little is knownaboutwintering habitat,some
datasuggestthatbirds maywinter an lower
elevationsthat includea wider rangeof condi-
tions thanfound in breeding habitats.

Potential Threats

In orderof severity,potential threatsfor the
SouthernRockyMountains- ColoradoRU are
catastrophicfire, recreation,urbanization,timber
harvest,androadconstruction.Lesssevere
threats includelandexchange, oiland gas
leasing,mineral development,andgrazing.
Singly, these factorsmayhave lowimpact, bun
high synergistic consequences. Forexample,
muchof the urbandevelopmentin Southern
RockyMountains- Colorado currentlyoccursan
elevations lowerthanthoseoccupiedby breed-
ing owls; bun developmentincreasesrecreational
accessno public lands.Roadconstructionor
expansioncausesinitial disturbance, recreation
facilities extendthe disturbance,andthe
improvedaccessincreasesthe contactbetween
peopleandspottedowls. The initial activity
maydirectlyaffect winteringhabitat. The
developmentthreatis consideredno be of low
no moderateseverityand is highestalong the
Front Range.

Southern Rocky Mountains -

New Mexico

Rankingas the smallest U.S. RU, theSouth-
ern RockyMountains- NewMexico supports
oneof the smallestknownpopulationsof
Mexicansportedowls aswell. Existingdata are
too incompleteno cite even acrudeestimateof
the RU’s spottedowl populationor ins density.

The inability no providecrudepopulation
estimatesmaybe partially relatedno theinad-
equacyof existingsurveyprotocols.Owl survey
crews, following the FS Region3 surveyproto-
col, havespeculatedthanspottedowls in the area
maynon respondno calling surveysaspredictably
as theydo in otherRUs. Theybase thisopinion
on thelack of responseno nighttimecalling in
areaswhereowls or younghavebeenobserved
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during subsequentdaytimevisits. Given that

surveysarean importantstep in designating

PACsandthe typesof managementpermissible,
in is critical that surveyshave ahigh probability
of detectingowls. Further, anineffective,or
partially effective, surveyprotocol leavesthe FS

andotheragenciesill-equippedno manage

potentialthreatsno the Mexicanspottedowl in
the RU.

Recentsurveyefforts on the SantaFe Na-

tional Forestsuggestthat someareasformerly

occupiedby owlsappear vacantnow despitethe
factthat the habitathasnor beenalteredappre-

ciably (T Johnson,Las Alamos,NM, pers.
comm.).This perceived,bun unconfirmed,

populationdeclineindicatestheimportanceof
protectingunoccupied habitat.

Potential Threats

The mostseriousthreatno spottedowls in
SouthernRocky Mountains- New Mexico RU is

wildfire and,in localizedareas,timberharvest.
Fire may nonbe as seriousin canyonsystemsas in
is in otherareasbecausetheopen structureof
steep-slopewoodlandsassociatedwith canyons
are nonconduciveno conflagration.However,

densemixed-coniferandponderosapine forests

outsideof canyonsmaypresentthe greatestfire
hazards.Although theseareasmay non contain

owls, fires initiated in theseforestsmay continue

into theforestedcanyonhabitats.Personnelan
SantaFe NationalForest haveinstitutedan
aggressiveprescribedfire programin theJemez

Mountainsas awayno reducetherisk of exten-

sive fire. Though useful,prescribedfire should

be used conservatively inspottedowl habitat.
Timber harvestlevelsappeargreatest onthe

CarsonNational Forestwherefew sportedowls

havebeenconfirmed.Timber harvestlevelson
SantaFe National Forest havebeenreducedin
areaswherespottedowlsare known no occur.

Isolation of spottedowl pairsandsmallpopula-

tions distributedover largeareasof fragmented

landscapeprompt concernbecauseif they are

lost, thespeciesdisappearsfrom entire land-

scapesin onceinhabited.Sincethe sportedowl
waslisted, plannedtimber saleshave mostly

avoidedthe owl’s habitat.However, in the
VallecirosFederalSustainedYield Unit in Carson

National Forest,salesarestill beingplannedin
potentialspottedowl habitatdespiteuncon-
firmed sightingsof sportedowls in 1993.

Lesserthreatsno the spottedowl include

humanactivitiesthatproduceextremelylocal-
ized effects, bun thanmayultimately prove no
have a large collectiveimpact.Amongthem are
unregulatedfuelwood harvesting,grazing(par-
ticularly in ripanian areas),andrecreationdevel-

opmentsan ski areas.All of these activities have
the potential no degradespottedowl habitat

including habitatfor the owl’s prey.

Upper Gila Mountains

The UpperGila MountainsRU containsthe

largestknown numberof Mexicanspottedowls

with approximatelySS%of known sportedowl

territories(Ward en al. 199S).The owl also
appearsno be morecontinuouslydistributed
acrossthis RU than anyother (II.B). The appar-

ent gap in owl distributionin the centerof
Figure II.B.6 reflectsincompleteinformation

from Tribal landsratherthanan actualdisconti-
nuity within theowl’s range.

Potential Threats

Sportedowls throughoutthe RU are found
primarily in mixed-coniferandpine-oakforests
(Ganey andDick 199S),often in conjunction

with canyon terrain.The primary threatsno

spottedowls andtheir habitatare timber harvest

andcatastrophicfire, non necessarilyin that

order.Both threatscould destroyforest habitat
with the structuralfeaturesusedby spottedowls,

andbothcould operateover large spatialscales.
Other threatswithin this RU includeindis-

criminatefuelwood cunningandovergrazingby
both wildlife and livestock.Thesethreatsare non

as widespreador severeas the threatsdiscussed
above,bun theycan besignificant in someareas.

Fuelwoodcunningis a problemin someareas
primarilybecausepeopleremove (usuallyille-
gally) largeoaks.Thesetreesappearno be critical

no owls in someareasor habitats,particularlythe
pine-oaktype (Ganeyenal. 1992). Fuelwood

harvest canalso result inloss of large snagsand
down logs. Both of thesehabitatcomponentsare
also apparentlyimportantno the owl, either

directly or indirectly througheffectson the prey
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base(GaneyandDick 1995, WardandBlock
1995).

Overgrazingis suspectedno be detrimentalin
someareasandcanaffect bothhabitatstructure
andthe prey base.Effectson theprey baseare
difficult no quantify, bun removal of herbaceous
vegetationcan reduceboth food andcover
availableno smallmammals(Wardand Block
1995).This maybe especially truewith respect
no voles,which areoftenassociatedwith dense
grasscover.Direct effectson habitatareobvious
in someplaces,particularlywith respectno
browsingon youngGambeloak. In someareas,
oakis regeneratingwell bun unableno grow
beyondthe saplingstagebecauseof this brows-
ing. Coupled withloss of largeoaks no fuelwood
harvest,maintenanceof mostoakstems in a
sapling stagesuggestsa veryreal possibility than
largeoaktreeswill nor be replaced over large
areas,resultingin the loss of an important
habitat component.Grazingeffectson habitat
arealso potentiallysignificant in canyon-bottom
riparianareas.We do non attributetheseeffects
solely no livestock. Forageresourcesare sharedby
livestockandwild ungulanes,and reducing
numbersof bothwill likely be necessaryno bring
forage useno reasonablelevels.

Basin and Range - West

Sprawling acrosssouthernArizona and
extremesouthwesternNew Mexico, theBasin
and Range- West RUranksas the secondlargest
RU in the UnitedStates.Thoughin probably
doesnon supportaslarge aspottedowl popula-
tion asthe Upper Gila MountainsRU, the
knownpopulationranksthird highestin the
UnitedStaresdespite limitedsurvey efforts in
manyareas.Therefore,theTeamregardsthe
Basin andRange- West RUas an importantunit
for the recoveryeffort.

Potential Threats

The Team perceiveslimited threatsoverall no
spottedowls in theBasin andRange- West RU
as the resultof humanactivities.Very little
timberharvest occurs inthis RU, thoughsome
timber is cut in the BradshawMountainsof the
PrescottNationalForestandon theSan Carlos

\.‘olome i/PactIII

Apache Reservation.The primarythreatsno

spottedovAs winh~n nh~s RU arecatastrophic
wildfire, recreation,andgrazing. We detailbelow
the natureandextentof theseandotherpoten-
tial threats.

Historicalefforts no suppressfire have
allowedfuel loadsno accumulateto dangerous
levelswithin mostof thewooded andforested
vegetationtypes in thisRU. For example, the
1983 fire in the AnimasMountainsremovedthe
coniferousforest from the higherelevations.
Recentwildfires in the Pinaleno,Rincon,
Chinicahua,andFluachucaMountainsalsoattest
no the volatile situationin this region. We view
thepotentialfor catastrophicwildfire as the
primarythreatno spottedowls in the Basin and
Range- West RU.

Many mountainranges inthe Coronado,
Prescott,andTonnoNationalForestsare used
heavily for recreation.This is partly becauseof
their proximity no largeurbanareas(Tucsonand
Phoenix)andpartlybecauseof their interna-
nional reputationfor exceptionalbirding. Effects
of recreationincludedevelopmentof roads,
campgrounds,andtrails, andalsoextraordinary
useof thosefacilities. For example,a numberof
areaswithin the Coronado NationalForest(e.g.,
Madera Canyonin the SantaRinas,Gardenand
RamseyCanyonsin theHuachucas,andthe
SouthFork of CaveCreekin the Chiricahuas)
areworld renownedfor birding andreceive
thousandsof visitors peryear. ScheelineCanyon
on the Fort HuachucaArmy Baseis visited often
by bindersspecificallyno view thepairof sported
owls thatoccurthere.The Mexican spottedowl,
in fact, is oneof themorepopularspeciessought
by bindersin thisregion.

Cattlegrazingoccursthroughoutthe RU.
Impactsare greatest inthehigh desertgrasslands,
desert scrub,and nipanianhabitatsfoundbe-
tweenmountainranges.Moderategrazing
pressuresoccurwithin mid-elevanionalencinal
and pinyon-juniperwoodlands;andgrazing
pressuresareevident within higherelevanional
canyon stringersof pine-oak,mixed-conifer,and
nipanianforests.Perhapsthe primarythreatof
grazingis to thelow-elevationniparian forests.
Theseforestsmayrepresentcritical linkages
amongthe mountainranges.Modifiedand
degradednipanianforestsmayinhibit dispersal
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amongmountainrangesandgene flowamong
owl subpopularions.

Landownershipwithin theBasin and Range
- Westis a mosaicof public andprivate lands
(II.B). Most majormountainrangesfall under
Federaljurisdiction, with someprivate
inholdingsandotherlandsadministeredby the
SanCarlosApacheandWhiteMountainApache
tribes. Much of the shrublandsandgrasslands
betweenmountainrangesareadministeredby
the FS or BLM, bun a fairportion is privately
owned.Manyof theseprivatelandsare used for
cattle,whichgrazeboth in uplandandadjoining
ripaniancommunities.Grazingin ripanian
communitiesis a concern becauseof thepoten-
tial for negativeimpactson areasthat canpro-
vide dispersalhabitat amongmountainranges.
This mosaicpatternof jurisdiction by multiple
landholdersmayimpedecoordinatedmanage-
ment efforts for the owl.

Most land developmentwithin the RU is
relatedno enhancingrecreationopportunities.
Theseinclude developingor expandingcamp-
grounds(e.g.,Twilight Campgroundin the
PinalenoMountains,the loopturn anJohn
HandLake in theChiricahuas)or enlarging
roadsfor safety(e.g.,wideningof Mount
Lemmonhighwayin theSantaCatalinaMoun-
tains). Developmentssuchas theseoften require
removing trees,potentiallyalteringowl habitat.
Further, a rapidly increasinghumanpopulation
in thesouthwestportendsincreasingurban
developmentwhich canpotentiallyencroach
upon owl habitat andalso impactgroundwater
regimes,potentially impactingripariansystems.

Evergreenoak and pinyon-juniperwood-
lands receivethe mostpressurefrom fuelwood
harvest.Historical harvestof maturemesquite
standswithin the shrublandandgrasslandareas
may havecontributedno the demiseof the
nipanianforest,thuscontinuedharvestof manure
mesquitein theseareasmaybe aconcern.

Basin and Range - East

The Basin and Range- EastRU lies mostly
within NewMexico andsupportsthe second
largestknownnumberof Mexicanspottedowls
in the United Stares.In adjoinsfour U.S. and
oneMexicanRUs. Mexicanspottedowls occur-

ring in theSacramento Mountainshavebeen
exposedno variousdisturbancesfor morethana
century.Naturaldisturbancesincludeforest fires
plus insectanddiseaseoutbreaks.Human
disturbancesincludetimberandfuelwood
harvest, grazing,landdevelopment,andrecre-
ation.The cumulativeeffectsof thesenatural
and anthropogenicdisturbanceshaveresultedin
a landscapethat differs from than existingprior
no Europeansettlement.The threatof these
disturbancesno the owl’s persistencecannon be
quantifiedan this rime, buncertain incongruities
are detectable.For example, owldensityis
relativelyhigh on FS lands,bun fecundityis
quite variable overtime andannualsurvival is
unknown.Thus,eventhoughthe current
populationdensitymay be high, weknow
nothingof populationtrends.Further, given
existingforest conditionsin this RU, threatsof
widescalehabitatloss are real and immediate.
Consequently,activemanagementis neededno
alleviatethesethreatswhile ensuringthanad-
equatehabitatwill exist well into the future.

Potential Threats

TheTeamcategorizedpotentialthreatsno
spottedowl recoveryaccordingno magnitude.
Major threatsposeimmediatepotentialfor
causingdeclinesin spottedowl populations,and
minor threatspresentno suchimmediacy.Major
threats, inorderof potentialeffects,include (1)
catastrophic,stand-replacementfires, (2) some
forms of timberharvest, (3)fuelwoodharvest,
(4) grazing, (5)agricultureor developmentfor
human habitation, and(6) forest insectsand
disease.Minor threatsare activitiesnon currently
extensivein time or spacebun thanhavebeen
consideredpotentialthreatsno the owl. These
include(1) certainmilitary operations,(2) other
habitatalterations(e.g.power lineandroad
construction, noxiousweedcontrol), (3) mining,
and (4) recreation.

Existing dense forestconditionsmakesmuch
of the Basin andRange- EastRU vulnerableno
catastrophicfire. Suchstand-replacingfireshave
beendocumentedin the SacramentoMountains
sincethe 1950sandcontinueno thepresent
(e.g., the BurgentandBridgefires in 1993and
1994, respectively).Similar fires occurredin the
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Smokey BearRanger District(FlanksandDick-
Peddie 1974)andothermountainrangesin the
BasinandRange- East RU(Plummerand
Gowsell 1904,Moody en al. 1992). Failure no
addressthis potentialfor fire by reducingfuel
levelsand fuel continuitywill inevitably leadno
moreand largerfires resultingin the continued
loss of owl habitat.

Pasttimberharvestpractices have left afew
remnantold-growthstandsandresidual pockets
of pre-harvesttrees intheSacramentoMoun-
tains.Treesolder than200ybh (yearsan breast
height) can befound in theseremnantstands
andpockets.Manyof these stands,however,are
small (<4 ha [10ac]) andexistas smallergroves
amid theyoungerconiferousforests.Our obser-
vationsindicatethat theseremnantpatchesare
critical no the Mexicanspottedowl, particularly
for nesting androosning.This situationis similar
no spottedowl useof second-growth redwoodin
northernCalifornia. Both casesshouldbe
viewedas exceptionaland regionallydependent
processes.Regardless,manyof theseolder
patchesareon the vergeof senescenceand
decline. Fewpatchesare on atrajectoryno
replaceremnantpatchesastheyare lostin the
short term.Thus, timberharvest intheimmedi-
atefuture mustavoid alteringtheseremnant
patchesin such a wayas no acceleratetheir
decline. Rather,forest management muststrive
no createreplacementpatchesas quickly as
conditionsallow no ensurethat theseunique
habitatpatchesare sustainedthroughrime.

Insects,plant panhogens,anddwarfmistletoe
comprisea third importantagentof forest
disturbancein the Sacramento Mountains
(PlummetandGowsell 1904,StevensandFlake
1974,HessburgandBearry 1986,Hawksworrh
andConklin 1990,Archambaulten al. 1994).
Principalorganisms are westernsprucebud-
worm, round-headedbeetle,whinepine blister
rust, dwarfmistletoe,Phel/inusschweinitzii,and
otherfungi.These organismsoperatean scales
rangingfrom single treesno landscapes. Nononly
are insectsandtreediseasesfundamentaldeter-
minantsof foreststructureandfunction
(Anniwell 1993,HaackandByler 1993),bun
foreststructureandcompositioninfluence
populationlevelsof theseorganisms.As a result,
the denseforestconditionsexistingin the

SacramentoMountainshave allowed some
insectsand diseasesno increasefrom endemicno
epidemiclevels. Clearly, forestmanagementthan
decreasesforestdensity,primarily by thinning
from below,will help no control populationsof
someof theseorganisms.

Grazingby domesticlivestockandelk in this
RU hasalteredbotanicalcover,specificallyplant
compositionandstructure.Rangemanagement
hasbeen orientedtowarddomesticlivestockand
otherwildlife goals,bun nor for the owl. Regard-
lessof ins past orientation,grazingcanaffect owl
habitat andprey populationsin conflicting and
poorly understoodways (II.D). Effectsof grazing
are largely manifestedin meadowandniparian
areas,bun effectswithin forestscannon beeasily
discounted.Implementationof thegrazing
recommendations(providedabove)are needed
no understand andaddresspotentialeffectsof
grazingon thespottedowl.

Agriculture andconcentratedhumandevel-
opmenns occur inthe RioGrandeValley andno a
lesserextentin the SacramentoMountains.Both
mayaffect dispersingor winteringowls by
reducingthe spatialextentof habitat.Manage-
ment that emphasizesthe restorationof ripanian
forestsmaybenefitboth residentbirds in the
Sacramento Mountainsandbirds migrating
betweenmountainranges.

An present,the Team considersthe impacts
of recreationno be of minor importanceno the
RU’s sportedowls; bun we have nostudiesor
documentationno substantiateour position.
Recreationnoisefrom motorcyclesandsnowmo-
biles hasbeenimplicatedasa potentialthreat.
Indirect habitat disturbancefrom recreationmay
occuron alocal scalebun is alsoundocumented.
Otheractivitiesincludecamping,hiking,
birding, hunting,off-roadvehicleuse,
snowinobiling,andskiing. Manyprivate land
inholdingsaresummerhomesor campsandare
alsoa sourceof recreationin sportedowl habitat.

Mexico

Presently,limited informationon the biology
of the Mexicanspottedowl andon landmanage-
mentactivitieswithin MexicanRUs precludes
the provisionof extensivemanagementrecom-
mendanions.However, the informationavailable
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indicatesthat spottedowls useforest typesnon
typically found in the UnitedStatesand that
land-managementpractices differsubstantially
in Mexico from those in the U.S.TheTeam
proposesthat the generalrecommendationsbe
applied within theMexican RUs where appro-
priate.The Teamstrongly recommendsthat RU
xvorking reams(seePart IV) developmanage-
ment recommendationsfor Mexico morefully.

The Mexicanspottedowl is typically found
in monnanehabitatswherethevegetationis
dominatedby pinesandoaks.Althoughspotted
owls in theU.S. also usepine-oakforests,they
vary somewhatin compositionandstructure
from similar forestsin Mexico. However,within
Mexican pine-oakforests,spottedowls appearno
favor canyons,as theydo in manyof the areas
used inthe U.S.

Becausesocial andeconomicsystemsin
Mexico differ from thosein the U.S., activities
that takeplacewithin potentialspottedowl
habitatdiffer somewhatbetweenthe twocoun-
tries.Whereasgrazing,fire, timberharvest,and
fuelwoodharvestare threatscommonno both
countries,otherthreatsareuniqueno Mexico
andsomeno specificRUs.

Potential Threats

Sierra Madre Occidental- Norte.—The pri-
maty threatis landconversionfor subsistence
agriculture.Impactsof thisthreat includethe
loss of spottedowl habitat,soil loss,anderosion.
A relatedthreatis overgrazing bylivestock.
Historically and throughthepresent,forest
lands havebeenclearedno create pastures for
cattle; thecumulativeeffectsof these practices
havemodifiedsportedowl habitat.Although
extensivetimberharvest occurswithin this RU,
mostharvest occurs inthe uplandsandis non a
direct threatno spottedowls found in canyons.
Whetheror non timberharvestindirectly affects
theowl is unknown,bun could be aconcern
worth addressingthroughresearch.

MexicanSpottedOwl RecoveryPlan

Sierra Madre Occidental- Sur.—Primaty
threatswithin this RUare fuelwoodharvest,
timberharvest, charcoalproduction,grazing,
andagriculturaldevelopment.Fuelwoodharvest
oftenentailscunningsnagsandthe harvestof
riparianplant species,both ofwhich are critical
componentsof spottedowl habitat.Timber
harvest in itselfis non a directthreatno spotted
owl habitat.However,harvestmethodsthat
entail rolling logs from higher no lower sines
result in soilloss anderosion,therebyaffecting
the habitatof theowl andins prey. Fire is con-
sideredonly a moderatethreatbecauseof the
disjunct distributionof owls in canyonsand
becauselimited efforts towardsfire suppression
haveallowednaturalfire regimesno persist.Fire,
however, can possiblydestroyspottedowl
habitatunderthe right conditions.Livestock
grazethroughoutthe yearwithin spottedowl
habitat,andthe cumulativeeffect of this grazing
affectspreyhabitat and spottedowl habitat
structure.Typeconversionof forestsfor agricul-
nure alsooccurswithin this RU.

Sierra Madre Oriental - Sur.—Thepotential
threats inthis RUparallel thosewithin Sierra
MadreOccidental- Norne RU. The primaty
differenceis that this RUprobablycontainsthe
bestandmostextensivehabitatwithin anyof the
MexicanRUs, thusthreats canoccurover a
muchgreaterarea.

EjeNeovolcanico.—Thepnimaty threatsin this
RU are those associatedwith populationexpan-
sion andindustrialdevelopment.Specifically,
industrialdevelopmentcan leadno loss of habitat
andan increasein pollution. Other threats
includemanagementno control insectsand
disease,fire suppression,grazing,and agricul-
tural development.

Sierra Madre Oriental - Norte.—Timber
harvestandgrazingare the primaty threats
within this RU. The main effectsof thesethreats
is no further fragmentan alreadydisjunctpopu-
lation.
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C. MONITORING PROCEDURES
The Team has assimilated,reviewed,and

analyzed datageneratedby the MexicanSpotted
Owl Monitoring Programof FS Region3. We
have alsocompiledandrevieweddatafrom the
BLM andthe FS Region4 in Utah, andFS
Region 2 inColorado.Here, we offer analterna-
nive design formonitoringthe Mexicanspotted
owl populationwithin the threecoreRUs. We
alsoproviderecommendationsfor monitoring
habitatthroughoutthe owl’s range.This pro-

posedmonitoringprogramwill evaluatepopula-
tion andhabitattrendsas requiredby thecriteria
for delisning the species(III.A). The philosophy
of ourproposedmonitoringschemeis no mea-
surethe critical variables--changes in owlnum-
bersandchanges inhabitat--neededfor delisring
thespecies.

For thepurposesof recoveryand under-
standingeffectsof land managementactivities
on the Mexicanspottedowl, monitoringshould
determinewith adequatereliability temporal
changes inthe owl populationandins habitat
whenin fact such changes areoccurring.An
effectivemonitoringprogramrequiresmeasuring

changes inhabitatquantity,estimatingpopula-
tion size of territorial owls, anddeterminingkey
demographicparametersincludingsurvival,
recruitment,andreproduction,all of which
influencepopulationsize.

Habitatmonitoringwill rely heavily on both
remote-sensingof habitatacrossthe rangeof the
bird andfield measurementsof habitatvariables
beforeandafter treatments. Populationmonitor-
ing is based onmark-recapture theoryand
Cormack-Jolly-Sebermodelingapproaches,
similar no Pollock’s robustdesignapproach
(Lefebreen al. 1982, Pollock 1982,Kendalland
Pollock 1992).To our knowledge, a systematic
habitatmonitoringapproachas extensiveand
intensiveas the onewe proposehas neverbeen
implemented.In contrast,a prototypedesign for

populationmonitoringwas implementedin
OlympicNational Park,Washington(Noon en
al. 1993,E. Seamenpers. comm.)no monitora
northernspottedowl population.

Accurateandefficientprotocolsfor both
habitat and populationmonitoringrequirepilot
studiesno estimaterecaptureprobabilities,andno
estimatevariances associatedwith eachof the
populationparametersandeachof the habitat
variables.For population monitoring,these
estimatescanthenbe usedno determineoptimal
quadrarsize andnumbersof quadransrequired
within predefinedstrataandRUs. Fundingwas
allocatedin 1994 no further refine theproposed

populationdesignwith a smallfield trial involv-
ing four quadrans.Resultsof this field trial
validatedthe studydesignprovidedqualified
personnelconductthe work (May en al., in
press).A largerpilot studyis neededno refine

parameterestimatesfor actual implementation
ofthe proposeddesign. Forhabitat monitoring,
separate pilot studieswill be neededno establish
samplingdesigns,includingsamplesize require-
ments.

HABITAT MONITORING

The habitatdelisningcriterion snaresthat
habitatmonitoringmustbe implemented(1) no
trackchanges inthe quantityof macrohabinar
and (2) no verify thanmicrohabitatchanges
within treatedstandsmeetthe intent of the
RecoveryPlan.Thus little,if any, owl habitatcan

be lostif this goal is no be men. Further,habitat
quality cannon declinesignificantly.A concernof
the Teamis thathabitatquality cannotbe
adequatelyassessed,particularlywith remote-
sensingdana.To alleviatethisconcern,our
recommendationsalso includefield measure-
mentsof microhabitatcharacteristicswithin
treatedstands.However,we reiteratethat
macrohabinanquantity shouldalsobe monitored
on arangewidebasis.

Macrohabitat

The purposeof rangewidemonitoringis no
trackgrosschanges inhabitatas the resultof

disturbance,from bothnatural (e.g., fire) and
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anthropogenic(e.g., timberharvest,prescribed
fire) causes.Giventhe extentof the areano be

monitored,remote-sensingtechnologywill be
required.An imagerybaselineshouldbe estab-
lishedwithin six monthsof RecoveryPlan
approvalusingLANDSAT ThematicMapper
imagery(currentlyavailablein theFS Region 3
GeomerronicsRemote-SensingLaboratory).The
imagery forpotentialowl habitatandsurround-
ing areasshouldbe aggregated,georeferenced,
andmergedwith vector mapdanano provide
image maps.Theseimage mapsmaybe used
both as generalplanningtoolsand as a baseline

for detectingchange.The 30-in (98-fr) spatial
resolutionof theLANDSAT ThematicMapper
imageryis adequateno detectbothanthropo-
genic andnaturalchangeacrosslargelandareas.
Changesthatcan bedetectedinclude wildfire

scars,timberharvests,grosschanges inforest
health,andpossibly theaddition or removalof
roads, largedevelopmentsandothercultural
features,andfluctuationsin grazingpractices.

In a standardchange-detectionanalysis,two
imagedanasetsareco-registeredand thensub-
tracredfrom eachother.The resultingdifference
imagehighlights changesacrossthearea covered
by the imagedatasets.An additional imagedana
senwill needno be purchasedin thefuture no
performchangedetection.The additionaldata
senmay be eitherLANDSAT ThematicMapper
(TM) dataor LANDSAT MulnispectralScanner
(MSS) dana.A TM datasenwould be preferred,

bun MSS datacould be substituted andwould
provideadequatespectralandspatial resolution
no perform useful changedetection.

The baselineTM datasen canalso be usedno
develop a generalized regionalvegetationcover
map,usingstandardsupervisedandunsuper-
vised imageclassificationtechniqueswith TM
bands4, 3, and 2. The literatureindicatesthat
the 4,3,2bandcombinationis mostuseful for
vegetationanalysis.Developinga vegetationmap
would alsorequirethe integrationof 1:2S0,000
digital elevation datano accountfor the effectsof
varying slopeaspectsandelevation onvegetation
patterns.

Texture analysistechniquesmaybe usedno

assessvegetationstructureanddensityacross

largeareasusing eitherthe LANDSAT TM or
MSS data.While textureanalysisapplicationsin
vegetationanalysishaveappeared frequentlyin
the literature,the methodologiesarenon as
widely acceptedas imageclassificationtech-
niques, sothey mustbe considered experimental.

Giventhe resolutionpossiblewith the tools
andinformationavailable,remotesensing
monitoringtechniqueswill providean estimate
of macrohabinantrend.Within five yearsof
creatingthe imagery baseline,participating
agenciesshould producea reportassessing
changes invegetationcomposition,structure,
anddensity.This will providean interim check-
point no determineif thedelisningcriteria can be
menan the endof 10 years.

Microhabitat

Microhabitatmonitoringis requiredbecause
remotesensingis largelyinsensitiveno subtle
intra-snand changesthatmayenhanceor degrade

owl habitat.Microhabitatmonitoringwill entail
measuringhabitatvariablesbeforeandafter
silviculnural or prescribedfire treatmentsde-
signedno maintain, improve, orcreateowl
habitat.This monitoringis no verify thantreat-
ments(silviculnure,fire) are meeting theirstated

objectives.We acknowledge thanmanytreated
standswill non meetthedesiredfuturecondition
in 10 years,bun the trajectoryon which a stand
is placedcan bemodeledno evaluateif in is
moving towardsowl habitat.This knowledgeis

neededno demonstratethatany short-termlosses
in macrohabinanwill be partially offset asstands
manureinto owl habitat.If adequateacreageof
vegetationis moving towardsowl habitat,our
confidencein long-termhabitatstabilitywill
be enhanced.

Samplingunitswill betreatedstands.Within
these stands, anadequatenumberof vegetation

samplingpointsmustbe established.The exact
numberof samplingpointsneededwill be
dictatedby the mostvariablecharacteristic
(likely snag density; Bullen al. 1990). Points
shouldbe sampledprior no initiating a treat-
ment, resampledfollowing the treatmentafter
allowing adequatetime for the areano equilibrate

Volume i/Parr III 106



froni temporarydisturbanceeffects, andthen at

five-year intervals.The variablesmeasuredcan

then be input into a vegetationmodel to esti-

matestandcharacteristicsat different pointsin

time.

At a minimum the following variables

shouldbe measuredandassessed:(1) treediam-

etersby species,(2) treebasalareaby species,(3)

size-classdistributionsof trees, (4) log volume by

sizeclass,(5) canopycover, (6) snagdiameter,
and(7) snagbasal area.We stronglyadvocate

that additional variablesbe includedthat might

be relevantto monitoring otherecosystem

attributes.The return in critical monitoring

information derivedby expandingthe variables

measuredwould far outweigh anyadditional

costs,assuming thatthe nexv variablesare not

highly correlatedwith the variablessuggested

above.

POPULATION MONITORING

Monitoring habitatas a singulareffort will
nor adequatelyreveal the true statusof the owl
population.Relatively long-lived birdswith a
high (-0.89) adult survival, Mexicanspotted
ow’s maylive 16 yearsor moreonce theyreach
adulthood.However,an intenseperiodof
mortality during the first yearcould produce

populationconsequencesthat habitatmonitor-
ing would not detect.Habitatquality could
declinefrom variousnaturalprocessesor anthro-

pogenicactivities,yet the territorial population
would remainunchangedbecauseof site fidelity

amongexisting birdsand recruitmentof floaters.
Youngmight still be produced,but would not
survive to berecruitedinto the territorial popu-
lation becauseof poor habitatquality, limited

habitatavailability, or becausetheir inexperience
would not allow them to survive anddisperse

duringtheir first year.
A limitation of this proposedmonitoring

scheme(andall known approaches)is thatonly
territorial birds are monitored. Thetotal or
proportionalnumberof floaters (sensu Franklin

1 992) remainsundeterminedandunmonitored
relative to the targetpopulation.

Mexican Sported Owl RecoveryPlan

Becausenonterrirorialbirds arenor directly
monitored,we want to guard against anunde-

tected decline inthetotal populationof spotted
owls whenthe territorial populationremains
stable.We suggestthe following procedures to
evaluatetrendsin the nonrerritorialpopulation.
First, theageof birds that establishterritories
will indicatethe size of thenonterritorial popu-
lation. If new territorial birds areonly oneyear
old, then theyhave neverexistedas floaters in
the population.Thus,a decline in theageof
territorial birdssuggeststhat the nonterrirorial
population is low or declining(Franklin 1992).
Second,the presenceof unfilled territorieswould

suggestthat an inadequatefloaterpopulation
exists,andhencethata decline inthe population
is taking place.

In thefollowing, we outline a suitable
framework andstatisticalestimationapproach

for monitoringowl populationsin 3 RUs.

However,critical designandsamplingdetails,
such assamplesizesanddelineationof strata,
havebeen omitted,andmustbe developedby an
implementation teamasdatabecomeavailable
to makethose decisions.

Target Population

The targetpopulation for the abundance

estimateis territorial Mexican spottedowls
(exclusiveof floaters) in the UpperGila Moun-
tains, Basin andRange- West, and Basin and
Range- EastRUs.Thus,all potentialowl habitat
in these3 RUs mustbe includedin the sampling
frame.All land managementjurisdictionsare
encouragedto cooperatein providingaccessand
resourcesto monitorthe entire oxvl population.

Sampling Units

Samplingunits will consistof 50 to 75 km2
(1 9 to 29 my) quadratsrandomlyallocated to
habitatstrata.Quadratswill be definedbasedon

ecologicalboundariessuchas ridge linesand
watershedsto reduce edgeeffects. Selectionof
quadratboundariesmustemphasizeedgesthat
are unlikely totraverseowl territories,so that the
errorsof includinga territory in multiple quad-
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rats or in no quadran donor occur.The exact
numberofquadransandtheir size will depend

on thespecificsof implementingthemonitoring
schemeandresultsof pilot studies.

In general,the populationmonitoring
schemewill require: (1) determiningstratathat
representdifferentowl densities orhabitattypes
occupiedby owls within each RU;(2) determin-
ing quadransize which shouldbe sufficiently
large to reduce edgeeffectsandsmallenoughno

allow aminimumof four surveysper quadran in
the surveyseasonlimited no 1 April no 30 August
(initial approximationof quadransize is SO no
7S km2 [19 no 29 mi2] [May en al., in press]);
(3) defining the samplingframeof quadrans in
eachstratumsuch thanquadrarsare relatively
equal insize andhaveboundariesselectedno
minimize edgeeffect; (4) selecting arandom
sampleof quadrars fromeachstratumthe first
year, and thenrandomlyreplacing20% of the
sampledquadranseach yearwith quadrans
randomlyselectedfrom the currentlyunsampled
quadrans(with quadransin the initial sample
potentiallyremoved,andthenpossiblyincluded
in the sample againan a later time);and (5)
developingprotocolsfor conductingfield
surveys(likely different frompastFS protocols
becauseof the differentgoalof the proposed
procedurefrom pastgoals).

Sampling Procedures

Stratification

LANDSAT mulnispectralscannerimagery
with 30-in spatialresolutionwould be suitable

for defininghabitatstratawithin each RU,and
thusthe samplingframeof quadransfor each
stratum.Approximate densityof territorialowls
within stratacanthenbe usedno allocate survey
effort (numberof quadrars)no strata.The
optimumallocationof survey effortis onethat
would minimize erroneousestimationof spotted
owl abundance.Optimal allocationof quadrars
no stratawill probablynon be inproportionno
stratasize.More likely, optimalallocationwill
meanthat a higherpercentageof quadrarsin
stratawith highowl densitieswill be sampled.

Optimal allocationmight alsotakeinto account
thecost perquadranbecauseof potentialdiffer-
encesin the costof measuringquadranswithin
differentstrata. Stratashouldbecomputedboth
as projected(ignoring topography)andas
surface(incorporatingtopography)areasbecause
differences intopographyaffect vegetationtype.

Selection of Quadrats

Within strata,quadranswill be randomly
selected forinclusion in the sample. Wesuggest
than80% (randomlyselected)of the previous
year’squadrarsbe revisitedthe following year.
The other20% of thepreviousyear’squadrars

shouldbe removedfrom the sample,anda
replacementsampleof quadransnon sampledthe
previous yearshould besubstituted.Quadrans
removedoneyear canincludedin thesample in
following yearsprovidedthat in is randomly
selectedand thatan leastoneyear haselapsed
sincein was lastsampled.This proceduremeans
than theaveragenumberofyearsthata particular
quadranremainsin the sampleis 4.5 years.
Inclusionof new quadransinto the sample each
year guards againstmanagementpracticeswithin
the sampledquadransnonbeingrepresentativeof
those practicesoccurringelsewhere.This rota-

nonof quadrarsincludedin the samplewill
provide a smaller variance becauseobservations
arecorrelatedacrosstime andmanyquadranswill
besampledrepeatedly,bun still providesa
representativesampleof the availablequadrars.

SamplingWithin Quadrats

Samplingprocedureswithin a quadranwill
include (1) assigning surveystationsno ensure
adequatecoverageanda standardizeddensityof
suchstationsamongquadrans;(2) allowing for a
minimumof four complete(i.e., all call points
sampled)surveysthrougheachquadran;(3)
conductingnighttimesurveysfrom survey
stationsno mapgenerallocationsof spottedowls
and no estimate per-visitdetectionprobabilities;
and (4) conductingdaytime(auxiliary) surveys

andmousingno find roosningand nesting
sportedowls, determineif a matenon detected
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during nighttimesurveyis present,determine
numberof youngpresent,andcaptureand
colon-markall spottedowls found.For e~irh
sportedowl found, the centerof ins activity area
mustbe determinedaseither in or our of the
quadrar.

Propertiming of surveysmaximizeseffi-
ciency inlocating sportedowls. We recommend
thatnighttimesurveysbe conductedwithin 3
hoursfollowing sunset. Owlsdetectedan dusk
areneardiurnal roostsand thusprovidean
optimalstartingpoint for confirmingpairs and
reproductionduringdaytimesurveys.Similarly,
daytimesurveysshould beginan or nearsunrise
(preferablyjust before)as owlsare returningno
their roosts.

Banding Birds

Marking individual birds with FWSleg
bandsandcolor bandsfor visual identification
providesgreater validityin theestimationof the
owl populationsize on the quadran becausethe
assumptionsof the mark-recapturemethodscan
be nested.Conceivably, owlpopulationsize on
quadranswith highdensitiesof owls might be
underestimatedwithout bandingbecause two
differentbirds might becountedas only one.
Conversely,on quadranswith low densities, a
singlebird might becountedas 2 birds,biasing
the populationestimatehigh. Individually
markingbirdswill eliminatesomeof this poten-
tial bias. Second,bandingbirds is necessaryno
estimate annualsurvival onquadratsthat are
sampledfor two consecutiveyears.Third,
capturingbirdsallows morecareful agingof
individuals;hence,theresultingagestructure
danaaremoreuseful inassessingthe impactof
floaters in the population.Finally, minimum
estimatesof dispersalandemigrationfrom the
quadran can beassessedwith bandedbirds than
are locatedoff the quadran.Althoughthe costof
the populationestimation proceduremaybe
increasedby up no 40% by individually marking
birds (May en al., in press),theTeamfeelsthe
additionalinformation andrigor providedby
markingbirds is justified.

Statistical Analysis

statistical discussion.

Estimation of Capture Probability

The describedspottedowl surveyswill
providedanaregardingthe numberof territorial
owls detectedand determinedno havetheir
activity centerswithin the survey plots.In is
unlikely that all owls with activity foci lying
within these plotswill be detected,andcapture
probabilitieswill thereforebe lessthan 1. Cap-
rune is definedaseitherphysicallycapturingand
uniquely markingan individual or resightingins
uniquecolor band combinationwithout physi-
cally recapturingin. Thus, the per-visit capture
probabilitiesmustbe estimatedno “correct” the
countstatisticsandreflect thetrue numberof
territorial birdswith activity centerswithin
quadranboundaries.

Per-visit captureprobabilitiescan beesti-
matedusingdanaon thecapturehistoriesof
individual owls on thequadrans.The four
surveyswill be conductedduringa relatively
shornperiod,so in is appropriateno usecapture-
recapturemodelsfor closedpopulations(e.g.,
Otis en al. 1978,Whine enal. 1982,Pollock en al.
1990). Per-visitcaptureprobabilitiesmayvary by
visits, strata,RUs, andyears.However,substan-
nial gains in theprecisionof captureprobability
estimateswould be achievedif theycould be
estimatedusingdanapooledover visits,strata,
RUs, oryears.Standardizedsurveyprotocol
within and amongquadrarsusingfield crews
with communaltraining shoulddecreasethe
variation in per-visit capture probabilities.

Heterogeneityof per-visit captureprobabili-
ties acrossindividualsshouldbe examined.If
heterogeneityis found, estimators developed
under modelMb of Onis en al. (1978),suchas
the jackknife (BurnhamandOvernon 1978,

1979) andChao’s (1987, 1988, 1989)estimator
areappropriate.If heterogeneityis non serious,
modelswith datapooledovervisits, strata,RUs,
andyears shouldbe considered.

Captureprobability estimatesresultingfrom
thesemodelingeffortswill pertain no theprob-
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ability of detectingandcapturingan individual
spottedowl duringa singlesurvey visit.Capture
history data,andhencethe captureprobability
estimates,will berestrictedto thosespottedowls
with a nestor focusof activity within the area
beingsampled.The densityestimation proce-
dure(seebelow) actuallyrequires anestimateof
the probability of detectingandcapturinga
spottedowl at leastonceduringan entireseason.
Givenowl presence, theestimatedprobabilityof
detectingandcapturingan owl duringthe
seasonusingsurveysis given by

1 -(1 .p)k,

wherepkis the probability of detectingand
capturinga spottedowl at leastonceduring
k visits, andp is the single-visitcaptureprobabil-
ity.

The aboveschemefor estimatingcapture
probability shouldwork well with owls initially
detected fromsurveypointswithin the quadrat.
However, thesecaptureprobabilitiesarenot
applicable,by themselves,to otherpair members
found duringdaytimevisits or to spottedowls
locatedotherthanby callingfrom surveypoints.
To includedata frompair memberslocated
duringdaytimevisits, we considertheir capture
probabilityas theproductof the probability of
capturinga pairmemberfrom surveypoints
timestheprobability of capturingthe otherpair
memberduringa daytimevisit given captureof
onematefrom survey points.Thefirst probabil-
ity in this productis obtainedusingcapture
histories (i.e.,captureprobabilities)of birds
detectedfrom surveypoints as previouslyde-
scribed.The second,conditionalprobability
must beobtainedusingdatafrom daytimevisits
andcapturesonly.

Auxiliary or daytimevisits can be viewed in
the contextof removalmodeling(e.g., Zippin
1956, 1958;Otis et al. 1978;Ward et al. 1991).
The primary purposeof daytimevisits is to
determinepair andbreedingstatusof birds
detected fromsurveypoints.Auxiliary visitsmay
or maynot be terminatedafter captureof the
mare,dependingon whetherdata onreproduc-
rive successis adequatelyobtained.

Estimation of Density Per Quadrat

Eachquadrarrequires twopartsto the
estimationprocess. First,estimationof apparent
densityby

A fl. fl.+fl.
ff11a.

which is thetotal numberof spottedowls
detectedandhavingactivity centers inquadrati
(n/), based onbothsurvey(~) and auxiliaty (~)
visits divided by the areaof thequadrat(a1).

Next, apparentdensityis adjustedfor those
sportedowls thatmaintainan activity center
within the quadratbut werenot detectedduring
a survey visit.The adjustmentfor the surveyvisit
is the reciprocalof~k, theprobability of a
sportedowl beingcapturedat leastonce on a
given survey based onkvisits to quadrari. Note
that~bk pertainsonly to the ~,animalsdetected
duringthe surveypoint visitsof quadrari, nor to

birds detectedon auxiliaryvisits. If auxiliary
visits aremadeto determinepair or reproductive
status,anyadditionalpair membersthatare
detectedcontributeto thedensity estimatefor
quadrari. As discussedpreviously, their capture
is conditionaluponan initial capturefrom a
survey point. To adjustthe countof the ?iowls
detectedon quadrari duringauxiliary visits, we
divide thecountby the probabilityof detectinga
pairmemberduringkauxiliary visits Q~k)~ given
detectionandcaptureof its mate fromsurvey
points.Thus,we would estimate densityon
quadrari as

5,
a.

Estimation of Density Per Stratum

Oncewe havedensityestimatesfor each
quadrarwithin a stratum, theycan be combined
into an overall meanestimateof densityfor the
stratum.Becausequadrarsare not the samesize,
weightingof the quadrardensityestimatesby
areais essential, sothat

m

J m
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wherern. is thenumberof quadransin strarumj.
To obtainpopulationsize estimatesfor each
stratum (I), multiply by the areaof the stratum
(A.) so thatN = D. A. None thanA1 maychange

j j I I

throughtime as habitatchangesandquadransare
movedfrom one stratumno another.

An estimate0f overall abundancefor RU u is
07

then4 = X N, wherern//is the numberof
/4 j=] J

stratain RU u.

Variance Estimators

With stratified-random sampling, we usually
have simple varianceequationsbecausethe
stratummeansof totalsare independentbetween
strata. Here,this is non thecasebecausecorrec-
tions for spottedowls non seenarecommon
acrossstrataand inducethe needfor covaniance
terms.Thesevarianceequationswill needno be
developed.Specific closed-formedsolutionsmay
non bepossiblefor thevariance estimates.Thus,
estimatingthe variancecomponentsby boot-
strapmethods maybemorefeasible.

Cormack-Jolly-SeberModels

Corinack-Jolly-Seber (CJS) models
(Lebrenonen al. 1992) can be usedno estimate
age-specificapparentsurvival (~) andrecruit-
ment no the territorial population (B). We
suggestusingCJSmodelingproceduresas
outlined by Lebrenonenal. (1992),Burnham
andAnderson(1992), Pollock eta1.(1990),and
Burnhainen al. (1987).This approachis demon-
stratedby Whineen al. (1993) for theanalysisof
danafrom the demographicstudyareas.We
suggestthat datafrom all quadranswithin a
stratum(or even largerarea)can bepooledno
estimateapparentsurvival andrecruitment.

Both the apparentsurvival (~) andrecruit-
ment (B) are biasedestimatesof truesurvival (45)

and truerecruitmentrates becausethe quadrans
do non havegeographicclosure.For survival,

= S - F, whereF is the emigrationrateoff the
quadrans.For recruitment,B = R + I, whereR is
true recruitment andI is immigration ontothe
quadrans.If theareaof the combinedquadrars
were used in asingledemographicstudyarea,
the biasof ~ andB would be smaller becausethe

probability of birds emigratingoff of andimmi-
gratingontoa largesingleareawould be smaller
thanfor a collectionof smallquadrarsrepresent-
ing the samearea.However,if we assumethat
thisbiasis somewhatconstantacrossrime, then
nestsfor changes in ~andB acrosstime with
modelssuchas as demonstratedby Burnham
en al. (1994) provide apotent tool no assess
changes in thesepopulationparametersthrough
time. The optimalsize of quadransis dictatedby
keepingthem largeenoughthat reasonable
estimatesof the numberof territorial birds
presentcan be accomplished,while small
enoughsothat an adequatelylarge sampleof
quadransis possibleno estimateprecisely the
among-quadrarvariation.

We wouldnon suggestthan~ andB be used
no computeX in a Lesliematrix modelas was
done withthe demographicstudyareasby
Whineen al. (199S).Biasescaused byemigration
and immigration makeanyestimateof %. com-
punedfrom theseparametersbiasedas well.
Furthermore,themain objectiveof the quadran
surveysis no providean unbiasedestimateof the
tonal numberof territorial owls so that an
unbiasedestimateof X can beobtainedas
AAA

Estimatesofjuvenileapparentsurvival
obtained fromthe CJSmodelwith banding data
from juvenilespottedowls will probablynorbe
usefulfrom thepooledquadran surveydata
because theemigrationrateof this population
segmentwill be quitehigh astheydisperseaway
from their natalterritories.

Personnel

Quality work cannotbe completedwithout
capable peoplewho desireno performwell. Owl
surveysaredifficult no conduct.To achieve
accuratesurveyresultsrequires acertaincombi-
nationof physicaland mentaltrains.The ideal
candidatefor spottedowl surveywork mustbe
physicallycapableof negotiatingdifficult terrain
anddoingso after dark.The mentaldemands
includethe intellectualcapacityno understand
the nuancesof thework, the perseveranceno
succeedunderadverseconditions,the ability no
follow directions,and thedisciplineno be
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patient.Rigoroustraining no certify peopleno
conduct monitoringis a critical stepno ensure
thanqualified peopleimplementthe procedures.

Restrictionson durationof work day, night
rime work, andcamping nearsurveysitescan
leadno inefficiency. Effective inventoryand
monitoringmayoften requirepersonnelno
surveybetweenduskand2300hrs andprior no
sunrisethenext morningif an owl is detected
the previousnight. Non permittingcampingan
sinesor non allowingmorethan8-hourwork
daysis an ineffectivesurveystrategy.Thus,cost
andeffort for determiningoccupancyor repro-
duction in agiven territory maybedoubledor
tripled. Non allowingpersonnelno survey along
markedridge linesan night (i.e., off roads)may
result ininadequatesurveyofan area.Compe-
tent, qualified,eagerpersonnelcan conductsuch
activitiessafelyandwith desiredresultsas dem-
onstratedby May en al. (in press).

Training

Training is the most important mechanism
for ensuring quality data and standardization.
The current certification program employedby
the FS should continue, bun in a more intense
fashion. High-quality photographic media,
includingvideo tapesof properprocedures,
shouldbe incorporated.Use of a map,compass,
andGPS system,and recordingspatialinforma-
tion with UniversalTransverseMercator (UTM)
coordinates(Grubb andEakle 1988) arecritical.
Additional training for recordinginformationon
danaforms,maps,andin an electronicdatabase
is required(seebelow). Certified owl biologists
shouldbe nestedroutinelyon their ability no
completedataforms and plotlocationscorrectly.
A standardized procedurefor snoringall informa-
tion also needsno be developedandenforced.

All training mustbe reinforcedwith ad-
equate (4-dayminimum) field exercisesfollowed
by periodic reinforcementof learnedskills.
Although initial skills maybe providedwith the
certification process,reinforcementthrough
feedbackon proceduresand resultsis required.
An electronicdanaentryprogramwill helpno
standardizeinputsand reinforceproperdocu-
mentationprocedures.Such a routinewill also
indicateprogressof the monitoringprogramand

identify personnelor administrative unitsthat
needadditionaltraining. Further,additional
training should include periodicvisits by pro-
gramsupervisorsno reviewfield procedures.
Incorrectobservationsmaynon necessarily be
detectedon dataforms.

We alsosuggesta greateremphasison
identificationof spottedowl age classes(juvenile,
subadult,andadult) as describedby Forsman
(1981) andMoen enal. (1991).This valuable
informationmaybe obtainedif observerstake
binocularson surveys.Informationon age
structure mayprove useful for identifying
changes indemographic trends.

All surveyroutesand resultsneedno be
summarizedin a standardizedmanneron media
than can beenteredinto a GeographicInforma-
non System(GIS). Thus, field personnelwill
requiretraining on useof map,compass,and
GPS.In addition,a standardizedmapsystem
andsymbolsen isparamount.We recommenda
7.S” USGStopographicmap.This map typeis
readily availablein paperanddigital form. We
also insistthat field personnelrecordUTM
coordinates.This will allow rapidupdatingof
digital mapsof owl locations.

Computerized Data Entry and
Summarization

A majorweaknessof pastinventoryand
monitoringprogramshasbeenthe lackof
accessibilityno data;as a result, few summaries
and analyseswere prepared.This scarcityof data
examinationappearsno bedueno the lackof a
central,accessible,computerizeddatabasewhere
field forms are regularlyenteredfor computer
analysis.Field workerssubmittingdata formsbun
nor receivingfeedbackfrom their effortsnor a
copyof the masterdatabasefor them no review
leadsno errorsthat are difficult no rectify retroac-
nively. We suggestthanfield workerswho collect
the datashouldalso be responsiblefor dataentry
into astandardizedcomputerform. The benefits
wouldbe twofold.

First, acomputerized dataentry form would
guaranteethatonly admissiblecodesare used
because invalidcodeswould non beacceptedby
the computer,andcorrectentrieswould be
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needed inall datafields beforethe usercould
proceed.Quality control would be facilitatedvia
an interactivecomputerdataentry interface.
With such adanaentryprogram,danafrom
differentjurisdictionsof all involved landman-
agemententitieswould be compatible.

Second,oncethe datahavebeenentered,
summariescan beproducedwith standard
summaryprograms.An a minimum, field work-
ensshouldbe ableno producesummariesof dana
theyentered,andmake comparisonswith past
yearsandmaybeothergeographicareas.The
main reasonfor this instantfeedbackis no
encouragefield personnelno examinetheir own
danaplus getatemporalandspatial perspective
of existingdana.Field workerswould have a
much betterpictureof how their datafir into the
overall effort andwouldhaveaccessno datain
the masterdatabase. Simple graphsandtabular
summariesshouldbe availablevia a menu
system.This feedbackwouldalso promote
greatercooperationin future surveysand makes
the fieldworker feel a part of the complete
process.

Creationof a masterdatabase on anacces-
siblecomputernetwork (suchas theWorld Wide
Web [‘~‘X~] on Internet)hasanother,less
apparent,benefitfor theprogram.Fromthis
masterdatabase,region-widesummariescould
be generated.Annual summarieswould help
detect trendsin the dana.Sophisticatedstatistical
analysescould beprogrammedno implement
nestsfor trendsin the dana.Safeguardswould be
necessaryno limit accessno the dana,particularly
sensitivesine locations,no only authorized
persons.Finally, scrutinyby outsidereviewers
would improvethe integrity of the database.

To implementtheabovescheme, twopieces
of softwareneedno be written. Thefirst is the
dataentrysystem,for which extensiveerror
checkingshouldbe codedinto thesoftware.
Dataenteredby a field workerwould beap-
pendedno the masterdata file only afterpassing
a stringentseriesof integrity checks.The second
is adatasummaryprogramthatwould bemenu
driven andallow the userno summarizehis/her
own dataplus other dataof interest. Wepresume
thanmodernPC computersoftware systemsand
accessno acomputernetworkshouldmakethis
softwaredevelopmentfairly easy.Oncethe field

seasonis completed,eachland management
entity and their respectivesubunitsshouldbe
able toobtaingraphical summariesaswell as
statisticalsummariesin tabularform.

Costs

The cost forimplementingthe population
monitoringscheme should includehiring a
principal investigatorno designthis surveyand
coordinate samplingefforts. Field crewleaders
will be necessary forsupervisingstudy logistics
andfield technicianswill be requiredno conduct
surveys.In addition,while modelsexist for
estimatingtotal populationsize throughrime,
modelsof multiplecaptureprobabilitiesrequire
someindependentwork. All field personnel
hired no conductthe pilot study andsubsequent
monitoringprogrammustbe qualifiedand
trained.

Our initial estimateof the costsno fully
implement theproposedmonitoringschemeis
approximately$ 1.2-1.5 million per year. Based
on thedelisningcriteria, monitoringmust
continuefor a minimumof 15 years.

Costs forimplementingmacrohabinan
monitoringare unknown.However,muchof the
neededremote-sensingcoverageexistsor is being
obtainedas a tool for implementingecosystem
management.Thus,additionalcosts attributable
no the spottedowl should beminimal. Costsof
implementing microhabitatsamplingare diffi-
cult no estimatewithoutknowledgeof the
numberof plots no be sampled.We assume,
however,thatsamplingan area pre-andpost-
treatmentis alreadyrequiredas a standardpart
of activity implementation;consequently,the
costattributableno owl monitoringwould entail
those associatedwith measuringadditional
variablesspecific no the owl. Thus, the total costs
of habitatmonitoringshould be relatively
minimal beyondthat alreadyrequiredor in the
processof beingdevelopedindependentof the
sportedowl.

Potential Experiments

Many habitatvariablesimportantno Mexi-
canspottedowls cannon bemonitoredby remote
sensing.Further,in is importantno ensurethat
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adequatehabitat is providedfor key preyas well.
Thus,we proposesomepotentialexperimentsno
relatehabitat conditionsno owl population
dynamicswherekey habitatcharacteristicswould
bemeasuredon the ground.On-the-ground
monitoringof relevanthabitatcharacteristics
would quantify theirchangean alocal (i.e.,
within quadran)scaleandrelatethem no owl
populationdynamics.

Populationmonitoringbasedon randomly
selectedquadransprovidesthe opportunityno
conductexperimentsno extendour knowledgeof
the impactof habitatmanipulationon Mexican
sportedowl populationdynamics.We propose
theseexperimentsno producecredible,defen-
sible, andreliable results(sensuMurphyand
Noon 1991). Quadrarswithin themonitoring
designmayserveas experimentalunits for
examiningthe effectsof future management
suchas fires, grazing,timberharvest,andrecre-
ation.

Giventhat a treatmentis identified prior no
ins occurrence,vegetationmeasurementscan rake
place on the sineof the expectedtreatmentanda
second,control quadranthat is selected based on
ins similarity no the expectedtreatmentquadran.
This experimental designis non a trueexperi-
ment,becausethe treatmentis nonrandomly
allocatedno oneof the pair of quadrars.How-
ever, this quasi-experimentis still morepowerful
in developingcause-and-effectrelationships
betweenhabitatmanipulationsandowl popula-
tion dynamicsthanthe morecommoncorrela-
tive designsusedby pastresearchers(seeIII.D
for further details onexperimentaldesign).
Further, the capabilityno replicatethe treatment
existsbecauseof theextensivenumberofquad-
rats thanwill be requiredfor measuringchanges
in populationsize.

Areaswhereplannedtreatmentsresult in
someform of habitatalterationprovideexcellent
opportunitiesfor quasi-experiments.Vegetation
measuresshould betaken immediatelybefore
andafterthe habitat-modifyingevent,and
thereafteran S-yearintervals. Vegetationmea-
surementsthat seemespeciallyimportantno
examineare treesize-classdistribution,log size-
classdistribution,canopycover,andshrubcover.
Resultsfrom theseexperiments,coupledwith
resultsof population monitoring,will provide

the basisfor a predictivemodelof spottedowl
habitatquality (assuming than owldensity
reflectshabitatquality). Dataon apparentowl
survival andreproductionwill also be available,
which mayrelateno habitatqualitymoredirectly
thanowl density.

Alternative Designsfor Population
Monitoring

Drawing New SampleofQuadrats Each Year

Insteadof drawingan initial sampleof
quadransfrom thesamplingframeandmonitor-
ing these samequadransthroughrime, an alter-
nativeapproachwould be no drawa completely
new randomsampleof quadrans eachyear. For
repeatedsamplingof asenof quadransno be
legitimate,normalactivitiesthatoccurin spot-
nedowl habitatshouldcontinue during the
monitoringprogram, providedthese activities
meettherequirementsof section 7(a)(2)of the
Act by non likely jeopardizingthe continued
existenceof the Mexicanspottedowl. The main
advantageof a new sample each yearis thanin
guards against thepotentialfor landmanagersno
manageareaswithin the quadransdifferently
thanthe remainderof the landscape.Theprice
of this protectionis relatively greatas illustrated
by these fourpoints: (1) thelogistics of conduct-
ing the surveyseach yearwould increasebecause
of the new quadrans;(2) age-specificapparent
survival ratesandrecruitmentno the territorial
population couldnon be estimatedwith theCJS
analysisbecause birdswould nonbe markedon
the same area each year; (3)quasi-experimentsno
detectthe relationshipbetweenhabitatmanipu-
lanionsandowl populationdynamicswould nor
be possible;and (4) highersampling intensities
would be requiredbecausethisdesignis less
efficientfor estimatingchange.Our proposed
designis intermediatebetweensamplingthe
samesenof quadranseach yearanda completely
new sample eachyear.Weobtain the benefits
from bothalternatives inthat thecorrelationof
measurementsfor a specificquadranacross years
is usedno lower theoverall varianceof our
populationestimate,making thedesignmore
efficient thancompletereplacementeach year,
yenwe are guardingagainstthepotentialfor
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sampledquadransno bemanageddifferently than
otherareas.

Conducting Surveys Less Often Than Yearly

Insteadof surveyingquadratseachyear,
effort andcostcould be savedby conductingthe
surveysan longer intervals, suchas every5 years.
An advantageof this approachis that costswill
be lowered, andpossiblymorepreciseestimates
of populationsize could be obtainedby pooling
moneyno conducta few very goodsurveys
insteadof morefrequentsurveyswith lower
effort per survey.The main disadvantageof this
approachis thatage-specificapparentsurvival
ratesand recruitmentno the territorial popula-
noncould nonbe estimated withthe CJSanaly-
sis because birdswould nor be markedfrequently
enoughno obtainthese estimates. Forexample,
given anestimateof 0.89 for adultsurvival, only
S6%of the initial populationwould still be alive
after5 years,resultingin small samplesizesof
recapturedbirds,andhencepoorerprecisionof
the survival estimates. Further,reproductiveand
annualsurvival ratesandtheir variation across
yearsareneededno realisticallyevaluatepopula-
nonviability. Finally, our ability no detect
relationshipsbetweenhabitatmanipulationsand
populationdynamicswould be greatly decreased
becausethisapproachis moresensitiveno vari-
ability introducedby the yearschosenfor sam-
pling.

Adaptive Sampling

Thompson(1992) hasdevelopedan adaptive
samplingschemeno improvethe efficiencyof
sampling clusteredpopulations,suchas is
probablythe case for Mexicanspottedowls.
Thompson’sschemeis theoreticallyappealing
becausemoreeffort is appliedno areaswhere
owls are located.Underthis approach,quadrans
adjoininga quadranthatcontainssomethreshold
numberof spottedowls wouldalsobe sampled.
Unfortunately,wecannotenvision how no
handlethelogisticsof addingsomeunknown
numberof quadransno the samplewhensurvey
crewsmustbe hired,trained, andoutfitted with
equipment andvehiclesprior no sampling.We
suspectthelogistical overheadof this approach
maymakein impracticalfor monitoringowls on
quadrans. However,as thetheoryandapplication
of the adaptivesamplingschemeis developed
further,an innovativeapplicationof the tech-
niquemaybepossiblewith our proposedquad-
ran monitoringscheme.

CONCLUSION

The technologyandexpertise areavailableno
monitor trendsin Mexicanspottedowl habitat
andpopulationsize.Clearly, the objectivesand
designof themonitoringprogrammustbe
definedexplicitly andthey mustbe attainable.
To implement the process,knowledgeable,
dedicatedpeoplemustbe assigned the task.
Adequatetraining andconstantfeedbackmecha-
nismsarecritical aspectsno a successfulmonitor-
ing programas tenableconclusionscan be based
only on reliabledana.
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D. ACTIVITY-SPECIFIC
RESEARCH

Theprimaryobjectivesof our proposed
researchprogramare no (1) enhanceunderstand-
ing of Mexican sportedowl biology and(2)
assesshow land managementpracticesaffect the
owl population’sviability. Thesetypesof infor-
marionare necessary tocomplementrecovery
effortsoutlined in this plan.The researchpro-
gramdescribedhereis different from themoni-
toring programoutlined in III.C. Whereasboth
programsarenecessary,specific researchneeds
mayor maynonbe relatedno monitoring.In
developingthischapter, we realizedthat readers
of this planhave a varietyof backgrounds.Thus,
no establish acommonframeworkfor thediscus-
sion of a researchprogramfor the Mexican
sportedowl, we first outline the role of the
scientific process in researchandsomeimportant
aspectsof studydesign. Wethendiscuss some
limitationswith previousresearch,andsuggest
future researchquestionsandprocessesthat
shouldbe examined.

ROLE OF THE SCIENTIFIC
PROCESS

Researchandthe reliabilityof knowledge
gainedfrom researchdependon appropriate
applicationof the scientificmethod.Reliable
knowledge can bedefinedas “the senof ideas
that agreeor areconsistentwith the factsof
nature,”whereas“unreliable knowledgeis thesen
of falseideasmistakenfor knowledge”
(Romesburg1981).Threeprimaryscientific
methodshavebeenused in scientific research
(Romesbung 1981):(1) induction thaninvolves
the useof repeatedobservationsno discoverlaws
of association;(2) retroductionwherea “best-
guess”hypothesisis developedno explain a lawof
associationor somesenof observations;and (3)
hypothetico-deductive(HD) whereapriori hy-
pothesesaredevelopedandrested,anda decision
madeaboutwhetherno reject thehypotheses.In
is generallyacceptedin sciencethatapplication
of theHD methodprovidesthe bestavenue for
gaining reliableknowledge(Plant 1964, Popper
196S,Romesburg1981, 1991).Stepsused in

the HD methodcan bereiteratedas follows
from Nichols (1991):“(1) suggesta hypothesis
no explain somephenomenonof interest, (2)
deducea testablepredictionfrom that hypoth-
esis, (3) deviseandcarry our a suitablenest, and
(4) useobservationsfrom the nestno decide
whetherthe prediction is men.” Whenobserva-
tionsandpredictionsmatch,the hypothesisis
corroborated;whentheydo non march, the
hypothesishasbeenfalsified andcan bedis-
carded. Rejectionof hypothesesis keyno theHD
method.Corroborationof hypothesescan result
from poor experimentaldesigns(e.g., low
power).Therefore, knowledgein theHD
methodis gainedmorethroughfalsificationof
hypothesesthanthroughcorroboration.

Most researchrelatedno naturalresource
managementandconservationhas reliedprima-
rily on inductionand rerroducnion (Romesburg
1981,1991). Induction can provide us with
reliable knowledgeaboutassociations suchas the
association0f Mexicanspottedowls with forests
having certainstructuralcharacteristics.How-
ever,this methoddoesnon providethemecha-
nism for understandingthe processesthat
underliethisassociationnor doesin provide
reliableknowledgeaboutcauseand effect.
Whereaswe can describethe structureof forests
used byspottedowls, we cannotascertainwhich
structuralcharacteristicsare“impornant,” or why,
withoutapplicationof theHD method.In
shorn,we can describepatterns throughinduc-
non bun needtheHD methodno understand
why thosepatternsoccurandwhich components
of thosepatternsare“important.” In termsof
management,understandingwhy a patternhas
occurredandwhat causedin are importantfor
predictingeffects whenobservedpatternsare
changed.

Romesbung(1981) arguedthanrenroducnion
doesnon provide reliableknowledgebecauseof
the inability of this methodno falsify hypotheses
and the large number of alternative hypotheses
thancould equally explainthe sameconclusions.
However,both inductionand renroducnionare
useful fordescribing relationshipsanddevelop-
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ing hypothesesno befurther testedusingthe HD
method.Unreliability of renroducnioncan be
exacerbatedwhenuntestedhypothesesare
integratedinto our knowledge baseas dogmain
theform of scientific “rules.”

While inductionandthe HD method
providea generalframeworkfor gaining reliable
knowledge, designof appropriatestudiesis
crucialno theapplicationof this methodin
specificsituations.This appliesno bothdescrib-
ing andunderstandingpatternsin nature.Any
managementplan, includingthe Mexican
SportedOwl RecoveryPlan,is a complexhy-
pothesis whoserejectionor corroborationis
determinedby the successor failureof the plan
over the long term.

IMPORTANT ASPECTS OF
EXPERIMENTAL DESIGN

The ability no confidently infer results from a
sampleno a populationof interestand the
strengthof thatinferenceare entirelydependent
on studydesign. Reliabilityof knowledgeand
the ability no makecorrectinferencesare directly
proportional;the strongerthe inferenceonecan
make,the morereliablethe knowledge stem-
ming from that inference.The strongestinfer-
ence in understanding patternsis achieved
throughcontrolledexperiments,with the
strengthof inferencediminishingthe furthera
given studydesigndepartsfrom the experimen-
tal (HD) approach.However,inferences can be
weakenedeven inexperimentalstudiesif the
designis norvalid. With Mexicanspottedowls,
we would like no extendinferencesno a larger
populationthanthe onefrom which we
sampled.This largerpopulationmaybe across
the rangeof the owl, within a certainrecovery
unit, or on aRanger District withina National
Forest.The ability no extendconclusionsfrom a
studyno a larger area or a longer rimeperiod
depends directlyon how thestudywas designed
andimplemented.

Forour purposes,studydesignscan be
characterizedas either descriptive orexperimen-
tal (following EberhardnandThomas1991).
Descriptivestudies employ survey sampling,
whereasexperimentalstudies usetreatmentand
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control groups.Necessarycomponentsof the
design inbothcasesinclude: (1) randomization
wheresamplesare randomlyselected in ade-
scnipnivestudy, or treatments andcontrolsare
randomlyassigned in anexperiment;and (2)
replication of experimentalunits throughboth
spaceandrime. Randomizationremovessubjec-
nive biasesthan maybe found in descriptive
studiesandguards against systematic differences
otherthantreatmenteffectsin experiments.
Randomizationalsoallows for strongerinference
no a largerpopulation andis thetheoreticalbasis
for employingstatisticalrests.Replicationallows
for estimationof experimentalerror, a prerequi-
sine for employingstatisticalnests.If either
randomizationor replicationareomittedfrom
an experimentaldesign, inferenceswill be greatly
weakened.Truereplicationshouldnon be con-
fusedwith “pseudoreplicanion”where
subsamplingofexperimentalunits is confused
with replicationof experimentalunits (Hurlbern
1984).For example,a habitatstudythan mea-
sures100 vegetationplots within eachof four
owl homeranges represents a sampleof four, non
400. Frequently,researchersareguilty of
pseudoreplicanion byreportinga samplesize of
400. Inferencesfrom such astudy applyonly no
the4 owlsstudied andnon no a largerpopula-
non.Thus,adequate replicationmustoccur an
the level of the experimentalunit (in this case,
numberofhomeranges)no apply no a larger
population.

A majordifficulty in doing field experiments
is that theyare performedin an uncontrolled,
“noisy” environment(EberhardrandThomas
1991).Therefore,pre- and post-treatment
measurementperiods inbothcontrol and
treatmentgroupsareneededno reducethe effects
of externalvariationand no ensurethan atreat-
ment effect can beadequatelymeasured.Addi-

tional importantdesign features necessary in
field experimentsincludethe choiceof experi-
mentalunits (e.g.,owls, owl sines),local control
(amountof balancingandblocking of experi-
mentalunits), and the choiceof thedesign(e.g.,
completeblock, incompleteblock, factorial).

An importantconsiderationwhendesigning
andimplementingstudiesthat involve resting
statisticalhypothesesis the powerof thestatisti-
cal test used (theprobability of rejectingthe null
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hypothesiswhenin is false). Failure no reject a
null hypothesisis dueno either (1) the null
hypothesiswas indeed“true” or (2) therewas
insufficient powerno rejectin. Thus,power
shouldbe as high as possible(>90%) no corrobo-
rare thatan unfalsified nullhypothesiswas
actuallynor false. Power is dependenton a
combinationof theseverityof the treatment
applied,samplesize,andexperimentalerror. If a
treatmentis subtle, thena larger samplewill be
necessaryno achievethesame poweras if a severe
treatmentwas used.This is importantbecause
biological questionsoften involve chronic
(subtle)effectsratherthanacute(severe) effects.
For example, theeffectsof a given landmanage-
mentpracticemayhave a slighteffect on adult
survival rateswhich mayin turn havestrong
effectson populationviability. If an experiment
restingsuch aneffect haslow power, thenin may
be temptingno starethat the practicedoesnon
significantly affect survival rateswhenin fact in
does. Repercussionsfrom an experimentlacking
sufficient powerwould thenbemisleadingand
result in falseconfidencein the healthof the
population.

LIMITATIONS IN PAST
RESEARCH ON THE MEXICAN

SPOTTED OWL

Previousresearch onMexicanspottedowls
hasbeenlargely descriptiveandhasrelied on
inductionandrenroducrion;our currentknowl-
edgeconcerning underlyingecological processes
is, therefore,limited. However,previous research
on Mexicanspottedowls hasprovideda good
foundationno describethenaturalhistory of the
speciesandno generatehypothesesfor experi-
mentalrestswith theHD method.Additional
limitations on conclusionsfrom previousre-
searchresult from (1) lack of randomizationin
selectingexperimentalunitsandstudyareas,(2)
lack of true replication(including small sample
sizes),and (3) lackof experiments.The follow-
ing discussionis non meantas criticism of
specific researchstudiesor scientists.Many of
the previous studies havebeenhamperedby
inadequatefunding andlogistical constraints
beyondtheinvestigators’control.Thesefactors

are nor uniqueno research onthe Mexican
sportedowl; theyarecommonno research on
numerousspecies,including boththe northern
andCalifornia spottedowls.

Lack of randomization andreplicationhas
hamperedthe ability no infer from particular
samplesno the general. In anumberof studies,
pseudoreplicanion hasalso beenconfusedwith
truereplication, weakeninginferenceseven
further.For example,mostof the habitatstudies
usingradionelemenryhavesufferedfrom
pseudoreplicanion.Thesestudies typically
sampledfew (4-10) birds,bun sampledhabitat
characteristicswithin these fewbirds’ home
rangesextensively.In restinghypotheses,the
numberof subsampleswere used,ratherthanthe
numberof owls, no estimateerror termsused in
statisticalnests.Suchpseudoreplicanionlends an
incorrectperceptionof adequatepower no
statisticalnestswhich mayleadno incorrect
conclusions.However, repetitionof home-range
studies overadditional areashasstrengthened
inferencesconcerningcertainhabitatassocia-

nions.
Controlledexperimentshavenon been used

in research onMexican sportedowls. Lack of
experimentsis probably relatedno the needno
quickly identify basic aspectsof spottedowl
naturalhistory andapply thisinformationno
managementsituations.However,experiments
arecritical for defining the impactsof current
andproposedmanagementactivities onMexican
sportedowls.

RESEARCH NEEDS

Severalmanagementissuesandquestions
mustbe resolvedno betterunderstand and
implementrecovery measures fortheMexican
sportedowl. Communicationandcollaboration
between peoplewith strongresearchskills and
peoplewith strongmanagementskills will be a
key componentin thisprocess.Managersneed
no betterunderstandthe methods,problemsand
uncertaintiesinvolved with research.Research-
ers, on theotherhand,mustrely on managersno
identify appropriatequestions,political andlegal
constraints,andno developappropriateimple-
inennanionof knowledgederivedfrom research
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results.Too often researchersdesignandimple-
ment studies thando non adequatelyaddress
managementproblems.Peoplehavingboth
researchandmanagementskills will hopefully
bridge thegapbetweenmanagementandre-
searchdisciplines.Both rime and moneyare
shorn.Clearly, all researchquestionscannon be
answeredwithin a short timeframe.Therefore,
we advocatethat aseriesof crucialexperiments
be implementedthataddressquestionsmost
relevantno the needsof managementagencies.
The following exampleof such anexperiment
addressesthe question,“what structuralfeatures
in foresthabitatareneededno maintainhigh
fitness in Mexicanspottedowls,” wherefitnessis
somefunctionof survival and reproduction:

• Determine appropriatestatistical hy-
porheses(predictions)andresponse
variablesno be nested.Testing fitness
directly throughsurvival andreproduc-
nive ratesmaynon be feasiblebecauseof
the prohibitively large samplesneededno
detectchroniceffectsandethicalprob-
lems inpurposelyaffecting survival of
the owls. However,appropriatehypoth-
esesfrom the initial questionis that
decline in foraginguseandprey avail-
ability in altered habitatswould directly
affect fitness.

• Determinethe extentandmagnitudeof
treatmentsno applyno forestedhabitat.
For example, testable researchhypotheses
could be that theextentof large trees in
sines affectsforaginguseby owls andprey
abundance.Treatmentsmaybe nestedso
thanthe sameexperimentalunits can be
used in repeatedexperiments, assuming
that treatmentscan bedecidedupon
beforehandandappliedconsecutively.In
addition,treatmentsneednor be“nega-
nive” by removinghabitatcomponents
bun can be“positive” by treatingprevi-
ouslyimpactedhabitats.Thus,careful
planningis neededan this stage.

• Randomlyselectn spottedowl sinesso
that sufficient power can be achievedno
detectdifferences in foragingby owls

betweentreatments.Attach radio-
transmittersno owls within sites.

• Collectpre-treanmentdataanddefine
high-useareasby owls within all sires.

• Randomlyassigntreatmentandcontrol
classificationsno the n owl sires.

• Apply the treatmentno high-useforaging
areaswithin treatmentsiresonly.

• Collectpost-treatmentdata.

• Testfor differencesbetweentreatment
and controlgroups.

• Continue thesameprocedurewith
additional treatments.

While non ideal, such anexperimentillus-
tranestheprinciplesof scientific experimental
designnecessaryno achievereliable knowledge
concerning spottedowl habitatuseand,indi-
recrly, fitness,as a functionof forest structure.
Such crucialexperimentsaredifficult no design,
requirecommitmentsof funding, andscientific
imaginationbecauseof ethical constraintsand
the limitationson allowablehabitatalterations
proposedin thisplan. However,these typesof
experimentsalsomorerapidly answer pressing
managementquestions.

We recommendresearch onthefollowing
questionsaboutMexicanspottedowls thatstill
needanswers.Clearly, a largenumberof research
questionscouldbe developedthataddressall
aspectsof Mexicanspottedowl biologyfor
which knowledgeis lacking. However,we pose
what we believeare the mostcrucialquestions
thanneedno be addressed in termsof immediate
management problemsandthe recoveryof the
owl. Studiesdesignedno answerthesequestions
will be descriptive,experimental,or acombina-
tion of both.

Dispersal

Dispersalis akey process inmenapopulanion
theoryandno maintaingeneric diversitybetween
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isolated subpopulanions(Keirn en al. 1995). Key
questionsinclude:

• Are subpopulanionswithin andbetween
RecoveryUnits connected?

• Whathabitatsandlarge-scalehabitat
configurationsdo dispersingjuveniles
requireno maintainadequatesurvival
ratesduringdispersal?

Genetics

Mexicanspottedowl populationsarenatu-
rally fragmentedacrosstheir range.Generics can
provide insight intohistorical connections
betweensubpopulanions.Therefore, questions
on geneticsalso relateno dispersal.Key questions
include:

• Are subpopulanionswithin andbetween
RecoveryUnits genetically isolatedand
no whatdegree?

• What is the extentof geneticinterchange
acrosstheentire rangeof the owl?

Habitat

Mexicanspottedowls use a varietyof
habitats rangingfrom canyonsno forestedareas
(GaneyandDick 199S). Key questionsinclude:

• To what extentis habitatusedetermined
by various factors, suchas preyavailabil-
ity, temperatureregulation,and/or
avoidanceof predators?

• Whathabitatcomponentsconfer high
fitness?

• How do land managementactivities,
specificallygrazing,timberharvest,fire,
and recreationuse,proximatelyaffect
habitatuseandultimately affect fitness?

Population Biology

Currently,little is knownaboutMexican
sportedowl populations.Key questionscan be
addressedwith our proposedmonitoringplan:

• Is theMexicanspottedowl population
stable, increasing, or declining?

• Are some subpopulanions increasing
while othersaredecreasingwithin the
rangeof theowl?

Threats to Recovery

Perceivedthreatsneedno be examinedin
relationto currentmanagementstrategiesno
examinewhetherthese strategies areappropriate
andno developappropriatemanagementstrate-
gies.Key questionsinclude:

• Whatmanagementstrategies can be
employedno reduceno possibilityof
catastrophicloss of owl habitatby fire
while maintainingimportanthabitat
components?

• To what extentdoesdisturbancefrom
recreation, vehicles, etc.affect useof sites
by spottedowls?

• How doesgrazingaffect prey abundance
in habitatsusedby spottedowls for
foraging?

Other EcosystemComponents

Implementationof the recovery measuresfor
the Mexicanspottedowls will directlyand
indirectly affect numerousecosystemattributes.
Researchis neededno determine theextentof
theseeffectson bionic andabionic components,
andecosystemprocessesandfunction.Key
questionsare:

• Whatare the effects of this recoveryplan
on othervertebrates?

• Whatare the effectsof implementingthe
Planon nonverrebranes?

• Whatare theeffectsof implementingthe
RecoveryPlan onplant community
structureandcomposition?

• Whatare the effectsof implementingthe
RecoveryPlan onabionicecosystem
processes (e.g.,hydrologicalsystems)?

• Whatare the effectsof implementingthe
planon ecosystemstructureandfunc-
non?

• How might therecoveryplanbe adjusted
no mitigatepotentiallydeleteriouseffects
on otherecosystemattributes?
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E. SUMMARY OF RECOVERY

The ultimategoalof this RecoveryPlanis
no “recover” the Mexican sportedowl from
threatenedstatus.This action is referredno as
“delisring” andis governedby section 4of the
Act. Delisningthe Mexicanspottedowl will
requirereexaminationof thesamefive factors
consideredduringeverylisting process.In
addition,five specificcriteria havebeendevel-
opedno aid thedelisningdetermination.Threeof
these criteriapertainno the entire rangeof the
owl andtwo referno a recoveryunit level. The
rangewidedelisningcriteria are:

1. The populationsin the UpperGila
Mountains,Basin andRange-East,and
Basin andRange- West RUsmustbe
shownno be stable or increasing after10
yearsof monitoring,usinga studydesign
with a powerof 90% no detecta 20%
declinewith a Type Ierror rateof 0.05.

2. Scientifically-validhabitatmonitoring
protocolsaredesignedand implemented
no assess(a) grosschanges inhabitat
quantity acrossthe rangeof the Mexican
spottedowl, and(b) whethermicrohabi-
ran modificationsandtrajectorieswithin
treatedstandsmeetthe intentof the
RecoveryPlan.

3. A long-term,U.S.-rangewidemanage-
mentplan is in place no ensureappropri-
atemanagementof the subspeciesand
adequateregulationof humanactivity
over time.

Once theabovethreecriteria aremen,
delisningmayoccurin anyRU thatmeetsthe
final two criteria:

4. Threatsno the Mexicanspottedowl
within the RU aresufficiently moderated
and/orregulated.

5. Habitatof a quality no sustainpersistent
Mexicanspottedowl populationsis
stable or increasingwithin the RU.
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Recoveryof the Mexicansportedowl hinges
on successfulimplementationof threeinter-
relatedprograms:population and habitatmoni-
noting, managementguidelines,andresearch.
Theseaspectsare non intendedno standalone;
thus, all programsmustbe implementedsimul-
raneously.Forexample,monitoringprovidesa
measureof theeffectivenessof themanagement
guidelines.Without suchmonitoring,we will
have nobasisfor determining whethermanage-
ment guidelines leadno the desiredoutcomes,
andthus whetherthe bird shouldbe delisned.
Researchis neededno answer keyquestions
relevantno the Mexican sportedowl, particularly
how implementationof managementrecom-
mendanionswill affect the Mexicanspottedowl
and ins habitat. Theknowledgederivedfrom this
researchwill providea scientificbasisfor revising
shorn-term guidelinesanddevelopinga long-
term managementplan.

We haveproposeda quadransampling
schemeandprovide detailed considerationsfor
determiningsportedowl populationtrends
within the UpperGila Mountains,Basin and
Range- East,andBasin andRange- WestRUs.
Populationmonitoringis non requiredfor other
recoveryunits becauseof samplingconstraints
posedby smallerpopulationsizes.The suggested
schemeprovides a statistically valid means for
assessingpopulationchange Initial cost esti-
mates fortheowl monitoringschemewill range
from $1.2 no $1.5 million peryear.

Habitatmonitoringis neededno estimate
trendsin the quantityandqualityof theowl’s
habitat throughtime. Rangewidemonitoringof
theowl’s habitatshouldbeconductedin con-
junction withpopulation monitoring.Because
of the arealextentover which monitoringwill be
required,we proposethe useof satellite imagery
for trackinggrosslossesin habitat.We also
proposethat field samplingbe conductedin
conjunctionwith plannedmanagementtreat-
ments.Treatmentsincludethe useof prescribed
fire, thinning, andsilviculnure. Monitoring
shouldbe done priorno andimmediatelyfollow-
ing thetreatment,andthenan five-yearintervals.
The objectiveof thissamplingis no determine
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changesno microhabitatfeaturesandalsono
verify that vegetationwas placedor continueson
a trajectoryno becomereplacementhabitat.

Threatsno be moderatedincludethosethat
needsite-specifictreatmentno alleviatethem,
suchasthe reductionof the risksof catastrophic
fire. For threatsno beconsidered moderated,
reasonableprogressmusthavebeenmadeno
removeidentified threatsandthere mustbe
adequateassurancethat managementprograms
will continue.Long-termmanagementplans are
neededno guidemanagementafter thebird is
delisned.Threatsno be regulatedinclude those
resultingfrom agencymanagementprogramsor
otheranthropogenicactivitiesthat areeither
ongoingor reasonablycertainno occur.These
types of threats includewildfire hazard,timber
harvest,urbanor rural landdevelopment,
grazing,andrecreation.

A primaryfocusof this RecoveryPlanis no
providerecommendationsthatwill moderateor
regulatethreatsover the shortterm (10-15
years).Conceptually,this requiresthepresence

ofamosaicof successionalstagesthroughouta
landscapecomprisedof the differenthabitats
usedby Mexicanspottedowls. The arrangement
anddiversity of thesehabitatsmust promotethe
owl’s persistence.The short-termstrategyis
aimedan protectingexistingowl habitat and
initiating a processno developreplacement
habitat.Although theapproachis non com-
plenelysynonymouswith ecosystemmanage-
ment, implementationof the recommendations
should sustainbionic diversity and natural
processesby managingseveralforestandwood-
landsystemsusedby the owl. Recommendations
includemanagementof mixed-coniferandpine-
oakforests,andnipanianareas.Ponderosapine
andspruce-firforestsarealso consideredno a
limited degree.

Severalpotentialthreatsno theowl were
identified by examiningthe bestavailableinfor-
mation on theowl’s biology, andby evaluating
ecologicaldisturbancepatternsand current
conditionsthroughoutthe owl’s range.Primary
threats includecatastrophicfire, timberand
fuelwoodharvest, grazing,andrecreation.The
magnitudeof a threat’sinfluenceon the owl can
vary accordingno temporalandspatialsetting.
For this reason, generalrecommendationswere

developedby habitattypewhich applythrough-
our theowl’s range,andare emphasizedaccord-
ing no the magnitudeof thethreats withineach
RU. The recommendationswerealso designed
no providedifferent levelsof protectiondepend-
ing on the owl’s useof aparticularhabitat,the
natureof the threats,andmanagementpotential.
Our intent was no offer the mostspecific recom-
mendanionsthat thebestavailableinformation
would permitwhile allowing landmanagers
flexibility for implementingthe recommenda-
tions.

Threeareasof managementare provided
underthe generalrecommendations:protected
areas,restrictedareas,andotherforest and
woodlandtypes.Protectedareasreceivethe
highestlevelof protection.Recoveryplan
guidelines takeprecedenceover othermanage-
ment guidelines inprotectedareas.Guidelines
for restrictedareasarelessspecificandoperatein
conjunctionwith existingmanagementguide-
lines. Specific guidelines arenonproposedfor
otherforest andwoodlandtypes.

Protectedareasareall occupiednestor roost
areas,all areaswith slope >40% wheretimber
harvesthasnon occurredin the past20 years,
andall legally administeredreserved lands.
Protectionof owl nest androost areaswill be
establishedby designatingan areaof protection
aroundan activitycenter(PAC). This will
require (1)inventoryof spottedowls before
planninganymanagementactivity that will alter
standstructure;(2) delineatingPAC areasof 243
ha (600ac) for all knownMexicanspottedowl
sines,includingsires locatedprior no proposed
managementactivities; and(3) light burning in
PACs if considerednecessaryandprudentno
reduce riskof catastrophicloss.Further, afire
abatementprogramis proposedno allow treat-
inent of small fuels within PACsandminimize
probabilitiesof catastrophicfire. The purposeof
PACs is no providerefugiahabitatuntil in can be
demonstratedreliably thatowl habitatcan be
createdthroughmanagement.In addition,
harvestof trees <22.4 cm(9 inches)dbh is non
allowed on slopes>40% wheretimberharvest
hasnon occurredin the past20 years.However,
light burningandprescribednaturalfire man-
agementis permitted.Prescribednatural fire is

Volrimc i/Parr Iii 122



MexicanSpottedOwl RecoveryPlan

also encouragedon reservedlands (e.g.,wilder-
ness,ResearchNaturalAreas) where appropriate.

We recommend thatmanagementactivities
be restrictedon some landsoutsideof protected
areasbecausepatternsof owl use can be expected
no changeover time. The guidelinesdepend
upon forest orwoodlandtype.Silviculnural
prescriptions shouldemphasize measuresno place
standconditionson atrajectoryno become owl
habitatwhereappropriate.Standsthatcurrently
meetor exceedthresholdconditionsare subject
no morestringentrestrictionsthanotherstands.
Specific managementprescriptions shouldbe sire
specificandwill varyaccordingno shorn-or
long-termobjectives.

Short-termguidelinesshouldnon be miscon-
struedas onetime managementevents. For
example,large treesandsnagsareusedby the
sportedowl and will continueno be needed
beyondthe life of the plan. Long-term guide-
linesare recommendedfor those activitiesand
naturalprocessesthat combineno influencethe
owl andins habitatbeyondthe life expectancyof
this Recovery Plan.

In addition,nipaniancommunitiesshould be
managedby maintainingbroad-leavedforestsin
healthyconditionwheretheyoccur, especiallyin
canyon-bottoms. Restorationmaybe necessary
wheresuchforestsarenor regeneratingad-
equarely.Conceivably,restored riparianforests
could contributeadditional nesting,wintering
anddispersalhabitatin thefuture. A mix of
plant size and age classesshouldbe emphasized
in this community,no includelarge manuretrees,
vertical diversity, andotherstructuralcharacteris-
tics.

No specificguidelinesare recommendedin
forest or woodlandtypes nortypically used by
the owl for nesting.Theseincludeponderosa
pine,spruce-fir,pinyon-juniper,andquaking
aspen inareasoutsideof PACs.However, some
relevantmanagementof thesecommunities may
producedesirable resultsfor owl recovery.
Examplesof guidelinesincludemanagingfor
landscapediversity, mimicking naturaldistur-
bancepatterns, incorporatingnaturalvariation
in stand conditions,retainingspecialfeatures
suchas snags,andutilizing fire in an appropriate
manner.

Livestockandwildlife grazingmay influence
sportedowls by altering (1) preyavailability, (2)
fire risk of somehabitats,(3) nipanianplant
communities,and(4) developmentof spotted

owl habitat. TheTeam stronglyadvocatesfield
monitoringandexperimentalresearchrelatedno
impactsof grazingon theMexican spottedowl.
Other specificguidelinesinclude(1) monitoring
grazinguseby livestockandkey wildlife species
(e.g.elk, deer), (2) implementingandenforcing
grazingutilizationstandardsthatattain good no
excellent range usestandards,and (3) protecting
or restoringripaniancommunities.Theseguide-
linesare emphasizedin protected,restricted,and
riparianareas.

Severalguidelines formanagingrecreationin
protected,restricted,and riparianareasare
recommended.These include: (1)no construc-
non, eitherof new facilities or for expanding
existingfacilities, is allowedwithin PACs during
thebreedingseason;(2) constructionduring the
nonbreedingseasonshouldbe consideredon a
case-specificbasis; (3) managersshould,on a
case-specificbasis,assessthe presenceand
intensityof allowablerecreationalactivities
within PACs;and (4) seasonal closuresof specifi-
cally designated recreationactivitiesshouldbe
consideredin extreme circumstances.

Severalimportantquestionsregardingthe
owl’s ecology,and in particularaboutthe effects
of differentmanagementactivities onthe owl’s
populationviability, still remain. TheTeam
recommendsadditionalresearch onMexican
spottedowl dispersal,generics,habitatecology,
andpopulationbiology. Key informationthatis
vital for refining recoverystrategiesinclude (1)
the degreeof demographicandgenericisolation
amongsubpopulanions;(2) the relationship
betweenfitnessandspecifichabitatcomponents;
(3) populationtrend. Communicationand
collaborationbetweenresearchersandmanagers
will be paramountfor obtainingnecessary
information.

This RecoveryPlan presents realisticgoals
for recoveryof the Mexicanspottedowl andins
ultimate delisning.The goalsare flexible in that
theyallow local landmanagersno makesire-
specificdecisionsaboutmanagementfor recov-
ery. The successof the recovery process hinges
on commitmentandcoordinationamong
FederalandStatelandmanagementagencies,
sovereignIndian Nations,andthe privatesector
no ensurethat the planis followed andexecuted
as intendedby theTeam.
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A. IMPLEMENTING LAWS, REGULATIONS,
AND AUTHORITIES

PartIV discusseslaws, regulations,policies,
andauthoritiesdirectly relevantno implementing
the recoveryrecommendationsincludedin Part
III. An approachno implementationoversightis
also recommended.Finally, a snepdownoutline
of recoverytasksandan implementationsched-
ule areprovided.

This Mexican SpottedOwl RecoveryPlanis
based orpredicated uponlaws that designate
specific legal authorityandresponsibilityno
governmentagencies formanagingpublic
resources,includingwildlife andwildlife habitat.
The following summarizes relevantlaws and
authoritiesapplicableno implementationof this
RecoveryPlan.

ENDANGERED SPECIES ACT

Section2(c)(2) of theAct expressesthe
policy of Congressthat “...all Federaldepart-
mentsandagencies shall seekno conserveendan-
geredspeciesand threatenedspeciesandshall
utilize their authoritiesin furtheranceof the
purposesof [the] Act.” Section7(a)(l) of the
Act requires Federal agenciesno “...urilize their
authoritiesin furtheranceof the purposesof the
Act by carryingout programsfor the conserva-
tion of endangeredspeciesand threatened
species....”Thus,Congressclearly intended
conservationof endangeredand threatened
speciesno be consideredin implementationof
Federalprogramsandactions.In addition,other
Federallaws andregulationsrequireconsider-
ation of endangeredand threatenedspeciesin
programimplementation, includingtheNa-
tional ForestManagementAct (NFMA) andthe
National EnvironmentalPolicy Act (NEPA).

Implementationof the Act is the responsibil-
ity of the Secretaryof theInterior for listed
terrestrialspecies.The Secretarygenerallydel-
egatesimplementationauthority no the FWS.
The following sectionsof theAct are relevantno
implementationof species recovery efforts:

Section4

Section 4includesthe listing andrecovery
provisionsof the Act, which arediscussedin
derail in PartI. Section 4(b)of theAct provides
for designationof critical habitatfor endangered
and threatenedspecies.Regulations governing
critical habitatdesignationare codifiedan 50
CFR424.Protectionof critical habitatis admin-
isneredundersection7 of the Act (discussed
below). Criticalhabitat is definedundersection
3(5)(A) of theAct as:

“(i) thespecificareaswithin the geographi-
cal areaoccupiedby the species...on
which are found those physical or
biological features (I) essentialno the
conservationof thespeciesand (II)
which mayrequirespecialmanagement
considerationsor protection;and

(ii) specificareasoutsidethe geographical
areaoccupiedby the species...upona
determinationby the Secretarythatsuch
areasare,essentialfor the conservationof
the species.

Section 4(d)of theAct providesfor pro-
mulgationof specialrules forthreatened
speciesonly. This allows the Secretaryno issue
regulationsas deemednecessary forthe conserva-
nonof suchspecies. Specialrules can be useful
in enactingregulatoryprovisionsuniquely
applicableno thespeciesan hand,andcan be
promulgatedno avoid unnecessary regulatory
burden.For example, theFWS is consideringa
special4(d) rule no allow smalllandownersin the
Pacific Northwestno harvesttimberandconduct
otheractivitieswithout risk of violating the
prohibition of incidentallytaking (seedefinition
under Section9, below) northernspottedowls.
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Section5

Section5 directstheSecretaryno utilize
fundsandauthoritiesof otherlaws in acquisition
of lands,as deemedappropriatefor conservation
of endangeredand threatenedspecies.

Section 6

This sectionauthorizescooperationwith the
Statesin conservationof threatened andendan-
geredspecies.Among ins provisionsis the au-
thority no enterinto managementagreements
andcooperativeagreementsandto allocatefunds
no the Snaresthat haveenteredinto suchagree-
menns.

Section7

Section7 and ins implementingregulations
an 50 CFR402governcooperationbetween
Federalagencies.Federalagenciesmust, in
consultation withandwith the assistanceof the
Secretary,ensurethatanyactiontheyfund,
authorize,or carryour is nor likely no jeopardize
the continuedexistenceof listedspeciesor result
in the destructionor adversemodificationof a
listedspecies’designatedcritical habitat.Regula-
nionsan 50 CFR402providethe following
definitions:

“‘Jeopardizethe continuedexistence of’
meansno engagein an action thatreason-
ably would beexpected,directly or indi-
rectly, no reduceappreciablythe likelihood
of bothsurvival andrecoveryof a listed
speciesin thewild by reducingthe repro-
duction,numbers,or distributionof that
species.

“‘Destructionor adverse modification’
means a direct orindirect alterationthat
appreciably diminishesthe valueof critical
habitatfor boththe survival and recovery
of a listedspecies.”

Section7 requiresactionagenciesno assess
the effectsof proposedactions onlistedspecies
andtheir critical habitat.If, as a resultof that

assessment,the agencydeterminesthatan action
mayaffect a listedspeciesor ins critical habitat,
the agencymustenterinto consultation withthe
FWS.That consultation mayresult in abiologi-
cal opinion from the FWS, inwhich a determi-
nationis madeas no whetherjeopardyno the
speciesand/ordestructionor adversemodifica-
tion of ins critical habitatare likely no result from
the agencyaction.

If a biologicalopinion concludesthatjeop-
ardy no the speciesand/oradversemodification
of ins critical habitatarenon likely no result from
a proposedaction,the actionmayproceed.The
FWSmayprovide conservationrecommenda-
tions no the agency onwaysno minimize or
avoid potentialadverseeffects on listedspecies
and/orcritical habitat.Implementationof these
conservationrecommendationsis an theaction
agencies’discretion. Incaseswherethe actionis
likely no result in theincidental rakingof a
species(seedefinition under“Section9,” below),
the Servicemayprovidereasonableandprudent
measuresno minimize theamountor extentof
incidental rake.The termsandconditionsthat
accompanyand implementanyreasonableand
prudentmeasuresare nondiscrenionaryandmust
be implemented.However, reasonableand
prudentmeasuresandtheir implementingterms
and conditionscannon alter the basic design,
location,scope,duration,or timing of the
action; andthey mayinvolve only minor
changes.

If abiological opinion determinesthat
jeopardyand/oradversemodification is likely no
result from a proposedaction, the FWSand the
actionagency develop reasonableandprudent
alternatives,if any, no the proposedaction.
Reasonableandprudentalternatives referno
alternative actionsthat areconsistentwith the
intendedpurposeof the proposedaction,that
can beimplementedwithin the actionagency’s
legalauthority, that areeconomicallyandtech-
nologically feasible,and thattheFWS believes
will nor result injeopardyno listedspeciesor
destructionor adversemodificationof critical
habitat.If no reasonable orprudentalternatives
can beidentified,the actionagencymayapply no
theEndangeredSpeciesCommitteefor an
exemptionno the prohibitionof jeopardyand/or
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destructionor adversemodificationof critical
habitat.

Section8

Section8 authorizesinternationalcoopera-
tion in conservationof endangeredandthreat-
enedspecies.Includedunderthis sectionis the
authorityno provide financialassistanceno
foreigncountriesno assistin their conservation
efforts.

Section 9

Section 9coversprohibitedactsin regardno
listedspecies.Of relevanceno the Mexican
spottedowl is theprohibitionof raking indi-
viduals. “Take” is definedas “...no harass,harm,
pursue,shoot,wound,kill, trap,capture,or
collect, or no attemptno engage inanysuch
conduct.” Permits for directtakingof threat-
enedspeciesmaybe issued for scientificpur-
poses,no enhancepropagationor survival, in
casesof economichardship,for zoological
exhibition, or for educationalpurposes (50CFR
17.32).

Takingof spottedowls is mostlikely no
occurthrough“incidental take.” “Incidental
take” is definedas taking that results from,bun is
non thepurposeof, carryingour an otherwise
lawful activity. Incidentaltaking ofspottedowls
mayresult from such activitiesas timberharvest,
if thatactivity results inhabitatloss no an extent
thanan individualspottedowl’s normal behavior
patternsare impaired.In caseswhereincidental
takingwill non result injeopardyno a listed
species,the FWSmayissuean incidental take
statementin abiological opinion on aproposed
Federalaction,therebyremoving the take
prohibition. Relieffrom the takingprohibition
for non-Federalactivitiesis discussedunder
“section 10” below.

Section10

Section10 authorizesthe FWS no issue
permitsfor takingsonherwiseprohibitedunder
section 9.Suchpermitsmaybe issued forre-
searchpurposesandthe othersituationsde-
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scnibedabove. In addition,section l0(a)(1)(B)
allows permitsfor incidentaltakingthatmay
resultfrom an activity, provided an applicant
submitsaconservationplan thatspecifies:

“(i) the impactwhich will likely result
from such raking;

(ii) what stepsthe applicantwill take no
minimize andmitigatesuchimpacts,

andthefunding thatwill be available
no implementsuchsteps;

(iii) what alternativeactionsno suchtaking
the applicantconsideredand the
reasonswhysuchalternativesare nor
beingutilized; and

(iv) suchothermeasuresthat the [FWS]
mayrequireasbeingnecessary or
appropriatefor purposesof the plan.”

NATIONAL FOREST
MANAGEMENT ACT

The NFMA governs ForestServiceManage-
ment on NationalForestSystemlands.Section
219.19 (Fishandwildlife resources) states:

“Fishandwildlife habitatshall bemanaged
no maintainviablepopulationsof exist-
ing nativeanddesired nonnaniveverte-
bratespeciesin the planningarea.For
planningpurposes,a viablepopulation
shall beregardedasonewhich hasthe
estimatednumbersanddistributionof
reproductive individualsno ensureins
continuedexistenceis well distributedin
theplanningarea.In orderno ensurethat
viablepopulationswill be maintained,
habitatmustbe providedno support,an
least, aminimumnumberof reproduc-
tive individuals and thathabitatmustbe
well distributedso that thoseindividuals
caninteractwith othersin the planning
area.

In formulatingalternativesduringproject
planning, the following is requiredin regardno
fish andwildlife habitat:
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“Eachalternativeshall establishobjectivesfor
themaintenanceand improvementof
habitatfor managementindicatorspecies...no
thedegreeconsistentwith overall multiple-
use objectivesof thealternative.To meetthis
goal, managementplanningfor thefish and
wildlife resources shallmeetthe require-
mentssenforth [asfollows:]

(1) In orderno estimatethe effectsof each
alternative onfish andwildlife popula-
tions, certainvertebrateand/orinverte-
bratespeciespresentin thearea shall be
identified andselectedas management
indicatorspeciesandthe reasons fortheir
selectionwill be stated.Thesespecies
shall be selected becausetheirpopulation
changes are believedno indicatethe
effectsof managementactivities. In the
selectionof managementindicator
species,the following categories shall be
represented whereappropriate:

~ Endangeredand threatenedplant and
animal speciesidentified on Stateand
Federallists for the planningarea;

* Specieswith specialhabitatneedsthat

maybe influencedsignificantly by
plannedmanagementprograms;

* Speciescommonlyhunted,fished, or

trapped;

* Nongamespeciesof specialinterest;

and

Additional plantor animalspecies
selected becausetheirpopulation
changes are believedno indicatethe
effects of managementactivities on
otherspeciesof selectedmajorbiologi-
cal communitiesor on waterquality.

“On the basisof available scientific
information, the interdisciplinaryream
shallestimatethe effectsof changes in
vegetationtype, timberageclasses,
communitycomposition,rotationage,
andyear-longsuitability of habitat

relatedno mobility ofmanagement
indicatorspecies.Whereappropriate,
measuresno mitigateadverseeffectsshall
be prescribed.

(2) Planningalternatives shall bestatedand
evaluated intermsof bothamount and
quality of habitatandof animalpopula-
tion trendsof the management indicator
species.

(3) Biologistsfrom Statefish andwildlife
agenciesandotherFederal agencies shall
be consultedin orderno coordinate
planningfor fish andwildlife, including
opportunitiesfor the reintroductionof
extirpatedspecies.

(4) Accessanddispersalproblemsof hunt-
ing, fishing,andothervisitor usesshall

be considered.

(S) The effectsof pest andfire management
on fish andwildlife populationsshall be
considered.

(6) Population trendsof themanagement
indicatorspecieswill be monitoredand
relationshipsno habitatchangesdeter-
mined.This monitoringwill be donein
cooperationwith Statefish andwildlife
agencies,no theextentpracticable.

(7) Habitat determinedno be criticalfor
threatened andendangeredspeciesshall
be identified,andmeasures shall be
prescribedno preventthe destructionor
adversemodificationof such habitat.
Objectives shall bedeterminedfor
threatened andendangeredspeciesthat
shall providefor, wherepossible,their
removalfrom listing as threatened and
endangeredspeciesthroughappropriate
conservationmeasures,including the
designationof specialareasno meetthe
protection andmanagementneedsof
suchspecies.”
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NATIONAL ENVIRONMENTAL
POLICY ACT

The NEPA requires Federal agenciesno
prepareEnvironmentalImpactStatements(EIS)
or EnvironmentalAssessments(EA) for imple-
mentationof agency actionsandissuance or
modification of agencypoliciesandguidance.
Impactsof the proposedactionor policy amend-
ment on endangeredand threatenedspecies
mustbeevaluated.If adecidingofficial deter-
minesthatno significant impactwill result from
an actionor policy amendment,a Finding of No
Significant Impactis issued.If an agencydeter-
minesthat a significantimpactwill result from
theproposedactionor policy amendment,an
EIS mustbe prepared.An EIS addressesa range
of alternatives.In is releasedfor public review
andcomment,after which an alternativeis
selectedanda Recordof Decisionis signedby
the decidingofficial.

MIGRATORY BIRD TREATY ACT

Prior no listing the Mexicanspottedowl as
threatened,theMigratory Bird TreatyAct
(MBTA) providedthe only Federalprotection
for the subspeciesotherthanthataffordedby
land-managementagencies.Under theprovi-
sionsof theMBTA, in is unlawful no pursue,
hunt, rake, capture, or kill inanymannerany
migratorybird unlesspermittedby regulations.
The MBTA applies in both the U.S. and
Mexico. Becausethe Mexicanspottedowl
exhibitsmigratorybehaviorin someareasiris

STATE AND PRIVATE LANDS

Although relatively few Mexicanspotted
owls are knownon Stateandprivatelands,the
Teamrecommendsthat Starescontinue and/or
begina programno inventory forestedareasfor
the presenceof Mexicanspottedowls. The
RecoveryTeamis unawareof anyState laws or
regulationsthatgovernmanagementof spotted
owl habitaton Snareor private lands.The Recov-
ery Teamrecommendsincorporatingthe recov-
ery recommendationsinto Statewildlife and
forest practiceslaws andregulations.In addition,
the RecoveryTeamencouragesthe FWS no
evaluatethe importanceof Stateandprivate
landsno theMexicanspottedowl, andno con-
siderpromulgatinga specialrule under section
4(d) of the Act that specifieshabitat-altering
activities that can be allowed onprivatelands
without violating theprohibitionof incidentally
raking Mexicanspottedowls.

MEXICO

The RecoveryTeamis unfamiliarwith the
laws,regulations,andauthoritiesthat are avail-
able orappropriatefor implementingthe recov-
ery recommendationsin Mexico. As recom-
mendedlater in PartIV, the RecoveryTeam
expectsthe FWS no arrangea meeting with
Mexicanofficials no discussthe RecoveryPlan
andins implementation.

includedon the list of birds protectedunderthe
MBTA.

TRIBAL LANDS

TheRecovery Team encouragesadoptionof
the recoveryrecommendationsby all Tribes
administeringlandsthatsupportMexican
sportedowl habitat.Tribal land-management
regulationsandprograms,including those for
conservationof species,typically requireenact-
inent by Tribal Councils.
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B. IMPLEMENTATION
OVERSIGHT

RECOVERY UNIT
WORKING TEAMS

The Team strongly recommends formation

of interagencyworking reamswhoseresponsibil-
ity would be no overseethe implementationof
the RecoveryPlan.TheseRecoveryUnit Work-
ing Teamswould coordinatewith andreportno
the RecoveryTeam,whichwould evaluateany
Working Teamrecommendationsbefore passing
them on no the FWS.Working Teamsfor each
U.S. RecoveryUnit shouldbeappointedby the
FWS as subunitsunderthe RecoveryTeam
umbrella.RecoveryTeammembersmayalso
serveon RecoveryUnit Working Teamsif that
arrangementis agreeable.Membershipof the
WorkingTeamsshouldinclude, ana minimum,
onerepresentativefrom eachof the following:

1. Eachinvolved FWSEcological Services
Field Office

2. EachinvolvedFS Region

3. Eachinvolved Snare

4. Eachinvolved Indian Reservation

5. Any otherinvolved agency(e.g., BLM,
NPS).

EachWorking Teamshouldhavea research
scientistamongins membership.That person
maybe affiliatedwith oneof the agencieslisted
above,or maybeindependent.In addition no
the above,otherinterestedpersonsapprovedby
the RecoveryTeamand the FWSshouldbe
allowedno participateif theyso request.Such
participantsmayincludea representativefrom a
conservation organization,a representativefrom
the timberor otheraffectedindustry,a represen-
tative from an interestedcountyor otherlocal
governmentagency,andothersas appropriate.
Suchadiversemembership wouldallow ideasof
varyingviewpointsno be discussedandwould
allow local interestedpartiesno participatein

plan implementationand resolutionof local
issues.Working Teamsfor eachMexicanRecov-
ery unit shouldbe similarlycomposed.

OncetheFWS formulatesamembership
list, that list shouldbe submittedno the Recov-
ery Team forreview.The RecoveryTeamwould
thenrequestthe FWS’s SouthwestRegional
Director’sapproval.Travel costsfor eachmember
would beborneby themember’sagency or
organization.

The functionsof the RecoveryUnit Working
Teamsshould includethe following:

1. Providetechnicalassistanceno agencies
andlandownerson suchissuesas project
designs,spottedowl management plan
development,andRecovery Plancompli-
ance.The RecoveryTeamstrongly
encouragesconductingRecoveryPlan
implementationworkshopsno provide
biologists, foresters,andotherland-
managementpersonnelacommon
working knowledgeof the provisionsof
this Recovery Plan.For example,a work-
shopno developproceduresfor delineat-
ing PACswould encourage consistent
applicationof recoveryrecommenda-
rions.Specificworkshoprecommenda-
tions areprovidedin IV.C.

2. Provideguidanceand interpretationon
implementationof the recommendations
containedin thisRecoveryPlan.

3. Provide research assistance byprocuring
financial andlogistic support,screening
researchproposals forimportance and
relevance,recommendingno the Recov-
ery Teamprioninizanionof research
proposals,andother functions.

4. RecommendRecoveryPlanrevisions
based on research results thanmay
enhancerecoveryefforts in that
specificRU.
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5. Prioritizeareasno be inventoriedwithin
the RU.

6. Promotecommunicationbetween
variouslocal interestsandhelpresolve
conflicting interpretationsof theRecov-
ery Planprovisions.

7. Monitor plan implementationand
reportproblems,successes,andgeneral
recovery progressno theFWS andthe
RecoveryTeaman leastannually.

CONTINUING DUTIES OF THE
RECOVERY TEAM

The RecoveryTeam recommendsthat in be
continuedthroughoutRecoveryPlanimplemen-
nation.Oncethe final RecoveryPlanis com-
plete, theRecoveryTeamshould meetan least
twice per year forthefirst two yearsand annu-
ally thereafter.The purposeof thesemeetings
wouldbe no hearanddiscussplanimplementa-
tion reportswith theRecoveryUnit Working
Teams,andno reportno the FWS on theprogress
of the recoveryeffort. TheTeamwould also
considerrecommendationsfrom RecoveryUnit
Working Teamsanddecidewhat recommenda-
tions shouldbe broughtforwardno the FWS as
potentialrevisionsno the RecoveryPlan.

CENTRALIZED SPOTTED OWL
INFORMATION REPOSITORY

The RecoveryTeamrecommendsthat a
central Mexicanspottedowl danafacility be
maintainedthroughoutthelife of the Recovery
Plan.The main purposeof such a facilitywould
beno housea spottedowl GIS database,includ-
ing dataassembledthroughthemonitoring
program,inventoryprogram,andotherpro-
gramsrecommendedin this RecoveryPlan. In
addition, the facility would maintainandperi-
odically updatea Mexican sportedowl bibliogra-
phy.

Such afacility would be a valuable resource
for biologists,landmanagers,researchers,and
otherswho mayneedinformationthroughout
the plan implementationperiod.Considerable
information,assembledasa resultof develop-
mentof this plan, is alreadysnoredin a GIS
systemmaintainedby the NationalBiological
Service’sMidconrinennEcologicalScience
Center(formerly theNationalEcologyResearch
Center)in Fort Collins, Colorado;continuance
of thatarrangementis recommendedby the
Team. Inaddition,a considerable “Literature
Cited” section is includedin this plan,which
should providea goodstartno developmentof a
Mexicanspottedowl bibliography.
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C. STEPDOWN OUTLINE

This sectionlists specific tasksthatneedno
be implementedaccordingno the recovery
recommendationsin PartIII, plus RecoveryPlan
oversight provisionsdiscussedearlier in PartIV.
This list is in asrepdownformat, asrequiredin
theFWS recoveryplanningguidelines.Eachtask
is alsolistedin Table IV.D.1, wherethe respon-
sible partiesfor task implementationandthe
estimatedcostsof carryingour the tasksare
provided.Tasksarecategorizedas follows:

1. ResourceManagementPrograms.Many of
the recoveryrecommendationsrelateno
sportedowl considerationsthanshouldbe
incorporatedinto planningfor other
resourcemanagementobjectivessuchas
timberharvest,recreation,andmanage-
mentof otherspecies.

2. ActiveManagement.Theserecovery
tasksare no be implementedactively.
They includeforest healthenhancement
andprotection,niparianrestoration,and
development of a long-term spotted owl
management plan.

3. Monitoring. These recommendations
relateno monitoringthespottedowl
populationandhabitat.

4. Research.These recommendations
include research studies designed no

increaselife-historyknowledgeof the
subspeciesandno rest theeffectsof land
managementactivities onsportedowls.

S. Oversz~ht,Review,Fvaluation, and
Revision.Thesetasksare necessaryno
monitor the Recovery Plan’s effectiveness

andno determineif andwhenRecovery
Plan revision is necessary.

1. ResourceManagementPrograms

11. Incorporaterecoveryrecommendations
(Parr III) into landmanagement
programs.

111. Conduct theNEPA processno
amendappropriatelandmanage-
mentguidanceandpolicy docu-
ments(Federal lands).

1111. FS
1112. BLM
1113. NPS
1114. DOD

112. Incorporate recovery recommenda-
tions into Tribal management plans.

1121.
1122.
1123.
1124.
112S.

Whine MountainApache
Mescalero Apache
SanCarlosApache
Navajo
Other tribes

113. Incorporaterecoveryrecommenda-
rions into Snare regulations pertain-
ing no timberharvestsandother
activities on Stareandprivatelands.

1131. Arizona
1132. New Mexico
1133. Utah

1134. Colorado

114. Incorporaterecoveryrecommenda-
tions into Mexicanpolicy
documents.

1141. Arrangeameeting between
FWS, Recovery Team,and
Mexicanrepresentativesno
discussprovisionsof the
Recovery Plan.
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1142. Conductactions necessary

no officially adoptRecovery
Planrecommendationsinto
Mexicanlaw and/orpolicy,
as appropriate.

12. Conductpre—projectMexicanspottedowl
inventoriesin projectareas.

121. Federal agencies

1211.
1212.
1213.
1214.

FS
BLM
NPS
DOD

2123. SanCarlosApache
2124. Navajo
212S. Other tribes

213. Stateandprivatelands

2131. Arizona
2132. NewMexico
2133. Utah
2134. Colorado

214. Mexico

22. Actively manageniparianhabitat
(e.g., restoredegradedareas).

122. Tribes 221. Lowlandrip arian

Whine MountainApache
Mescalero Apache
SanCarlosApache
Navajo
Other tribes

2211.
2212.
2213.
2214.
22iS.
2216.

BLM
Snareof Arizona
Snare of NewMexico

Snare of Utah
Snareof Colorado
Mexico

123. Stares
1231.
1232.
1233.
1234.

222. Middle no upperelevationnipanianArizona
New Mexico
Utah
Colorado

2221. Federal lands

22211.
22212.
22213.
22214.
2221S.

124. Mexico

2. Active Management

21. Develop and/orimplement forest
healthimprovementandprotection
programs.

211. Federal lands

2111. FS
2112. BLM
2113. NPS
2114. DOD
2115. Other Federal agencies

FS
BLM
NPS
DOD
OtherFederal
agencies

2222. Tribes

22221. Whine Mountain
Apache

22222. Mescalero Apache
22223. SanCarlosApache
22224. Navajo
22225. Other tribes

2223. Mexico

212. Tribal lands

2121. Whine MountainApache
2122. Mescalero Apache

1221.
1222.
1223.
1224.
122S.
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23. Developand implementa long—term,
range widemanagement plan.

231. Establishand supporta Federal/
Tribal/Snare/Mexicanreamno
developthe plan.

232. Develop adraft management plan.
233. Conductpeer/publicreview.
234. Producefinal management plan.
235. Develop appropriateimplementa-

tion documents.

23S1.
23S2.
23S3.
2354.
2355.
23S6.
23S7.

Joint Federal agency EIS
White MountainApache
Mescalero Apache
SanCarlosApache
Navajo
Other tribes
SnareMOUs

23S71.
23572.
23S73.
23S74.

Arizona
NewMexico
Utah
Colorado

2358. Mexico

3. Monitoring

31. Implementthepopulationmonitoring
programdetailedin PartIII.

311. Securefunding for the entire
monitoringperiod (up no 15
years).

312. Appointa principle investigator.
313. Develop derailedstudymethod-

ology/protocols.
314. ConductRecoveryTeam/peer

reviewof program.
31S. Conducta pilot study.
316. Evaluateandrevise menhodology/

protocols.
317. Implementthemonitoring

program.

32. Implementthe habitatmonitoring
programderailed inPartIII.

3211. Acquire appropriateremote
sensingimagery.

3212. Conductnecessaryground-
trunhing, imageryclassifica-
tion, geo-referencing,etc.

3213. Acquire remotesensing
imageryatyearS.

3214. Conductnecessaryground-
trunhing, imagerclassifica-
tion, geo-referencing,etc.

3215. Conductchange-detection
analysis.

3216. Acquire remotesensing
imageryanyear 10.

3217. Conductnecessaryground-
trunhing, imageryclassifica-
tion, geo-referencing,etc.

3218. Conductchange-detection
analysis.

322. Microhabitat(ongoing)

3221. Takepre-treanmentmea-
surementsof relevant
habitatvariables.

3222. Design treatment(s) no

accomplishspottedowl
habitator other ecosystem
management goals.

3223. Conduct treatment
3224. Takepost-treatmentmea-

surementsan year 1 of
importanthabitatvariables.

322S. Comparepre- andpost-
treatmentdatano determine
whetherobjectivesof
treatmentweremet.

3226. Measurehabitatvariablesan
year5.

3227. Determinewhethertreated
stands are onappropriate
trajectories.

4. Research

41. Implementthe researchrecommendations
outlined in PartIII.

411. Conductdispersalstudies.

321. Macrohabinan
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4111. Examineconnectivityof
subpopulanionswithin and
betweenRUs.

4112. Determine habitatconfigu-
rationsthatbestfacilitate
dispersalandenhance
survival ratesof dispersing
juveniles.

412. Conduct studies on genetics.

4121. Determinewhetherandno
what degreesubpopularions
aregenerically isolated.

4122. Determinetheextentand
patternsof geneflow across
the landscape.

413. Conducthabitatstudies.

4131. Studythe extentno which
habitatuseis influenced
by preyavailability,
microclimanicfactors, or
presenceof predators.

4132. Determinewhich habitat
componentsinfluence
individual fitnessand
populationpersistence.

414. Studytheeffectsof land-useprac-
tices on sportedowls and/or spotted
owl habitat.

4141. Determinethe effectsof
varioussilviculnuraland
timber—harvestpractices on
spottedowl habitat.

4142. Determinethe effectsof
livestockandwildlife
grazingon sportedowl
habitatandprey.

4143. Determinethe effectsof
prescribedfire on spotted
owl habitat andprey.

4144. Determinetheeffectsof
recreationalactivities on
sportedowl habitat.

415. Studythe effects of human
disturbanceon sportedowls.

4151. Determinethe effectsof
noise-producingactivities
on nestingspottedowls.

4152. Determinethe effectsof
suburbanandrural develop-
ment on habitatsand
populationsof sportedowls.

416. Studythe effects of RecoveryPlan
implementationon otherecosystem
components.

4161. Vertebratesandvertebrate
communities

4162. Invertebrates and
invertebratecommunities

4163. Plantsandplant
communities

4164. Abionic features
(e.g. hydrological systems)

416S. Ecosystemstructureand

functioning

42. Conductgeneralinventoriesin areasthat
havenorpreviouslybeeninventoriedfor
spotted owls.

421. Federal lands

4211.

4212.
4213.
4214.
4215.

FS
BLM
NPS
DOD
OtherFederal agencies

422. Tribal lands

4221.
4222.
4223.
4224.
4225.

White MountainApache
MescaleroApache
SanCarlos Apache
Navajo
Other tribes

423. Snareandprivate lands

4231. Arizona
4232. NewMexico
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4233. Utah
4234. Colorado

512. FormRecoveryUnit Working
Teams foreachRecoveryUnit.424. Mexico

43. Maintain a centralized Mexican spotted
owl information facility.

431. Establish and maintain a Mexican

spotted owl GIS database.

4311. Establish and annually
update spotted owl location
records and inventory

coverages.
4312. Establish and periodically

update spotted owl habitat
coverages an varying spatial

scales.

432. Develop and periodically update a
spotted owl bibliography.

433. Distribute information no land

mangers and others who request in.

S. Oversight, Review, Evaluation,
and Revision

51. OverseeandmonitorRecoveryPlan
implementation.

511. Conduct section 7 consultationon
anyFederal actionsthanmayaffect
Mexican spotted owls.

5111. Conduct a workshop
between Recovery Team and
FWSconsultation biologists

on evaluation of projects
for RecoveryPlan
compliance.

5112. Consultprograminanically
on eachagency’sincorpora-
tion of the RecoveryPlan
into land management
policy andguidance
documents.

5113. Reviewprojectsfor compli-
ancewith the Recovery

5121. Appoint workingTeam
members

S122. Develop charter,protocols
for agreeingupon recom-
mendationsno be madeno
RecoveryTeam
(e.g.,voting protocols).

5123. Conducttraining session
with Recovery Teamno
ensureunderstanding and
consistentinterpretationof
the Recovery Plan.

5124. ConductRecovery Plan
implementationworkshops
with biologistsandother
land-management
personnel.

5125. Conveneapproximately
quarterlyor as needed.

5126. Working Team Leaders
attendall Recovery Team
meetings.

513. RetainRecovery Teamthroughout
thelife of theRecovery Plan.

5131. ConveneRecoveryTeam
semi—annuallyfor a mini
mumof two yearsafter
Recovery Plan adoption.

5132. ConveneRecoveryTeam
annuallythereafter.

S2. OverseeResearch

521. RecoveryUnit Working Teams
shouldreviewandprioritize re-
searchproposalsandmakerecom-
mendanionsno the RecoveryTeam.

S22. RecoveryUnit Working Teams
shouldannuallyupdatethe FWS
andthe RecoveryTeam onplanned
studies.

Plan.
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53. Review,evaluate,andreviserecoveryplan
as appropriate.

531. RecoveryUnit Working Teams
shouldreviewplan implementation
an leastannually,reportingthe
resultsno theFWS andthe
Recovery Team.

532. RecoveryUnit Working Teams
shouldreview researchandsuggest
plan revisions,if any, no the FWS
andRecoveryTeam.

S4. RecoveryUnit Working Teamsshould
providetechnicalassistancewhen
requested.

541. Provideland managerswith techni-
cal assistancein designingprojects
no minimize impactson spotted
owls.

542. Providetechnicalassistance in
procuringfunding andlogistic

supportfor research projects.

S43. Providetechnicalassistance in
developing spotted owl manage-
ment plans.

S44. Providetechnicalassistance
in developing conservation

agreements.
S4S. Provideothertechnicalassistance

as needed.

SS.ConductMexicanspottedowl status
reviews.

56. State and private lands.

561. Conductassessmentof Mexican
sportedowl status onSnareand
privatelands.

S62. Promulgaterule under4(d) of the
EndangeredSpeciesAct no provide
for Mexicansportedowl conserva-
tion on Stateandprivatelands.
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D. IMPLEMENTATION AND
COST SCHEDULE

TableIV.D. 1 displaysestimatedcostsand
an approximateschedulefor implementingthe
recoverytaskslisted in the srepdownoutline
provided in IV.C. More detailed information on

the recommendedactionsis providedin PartIII.
The following materialexplains relevant details
aboutTableIV.D.l:

Task: This column lists specific tasks recom-
mendedin PartIII. The format of this column is
similar no thatused inthesnepdownoutline in
III.C, with each task under one of five general
taskcategories(precededby anArabic numeral).
In some cases “subnasks” are included if the
RecoveryTeam wishedno identify specific
intermediateactionsno accomplishan ultimate
objective.Pleaserefer no thesnepdownoutline in
III.C for a moredetaileddescriptionof each
task.PartIII providesyen moredetail, suchas
suggestedmethodologiesandrationales.

TaskNo.: Thiscolumnlists thetasknumbersas
developedin thesrepdownoutline (IV.C).

P: This column assignspriority numbersas
follows:

1: Tasksthatmustbe completedno achieve
thedelisringcriteria detailedin III.A.
(Example: Populationmonitoring);tasks
requiredby law (Example: Section7
consultation);andothertasksessentialno
RecoveryPlanimplementation(Example:
amendmentof agencyplanningdocu-
ments).

2: Tasksthatshouldbe doneno helpattain
the recoveryobjective. (Example: Restora-
tion of degradedriparianareas).

3: Tasksthanshould bedoneno implement
theRecoveryPlanefficiently or no other-
wise enhancespottedowl management.
(Example: generalspottedowl inventory).

thanoneyearare assignedthenumber“1.”
Tasks that are ongoing are labeled “cont.” (con-
ninuous).Sometaskscan bedoneno varying
degreesor intensities,particularlyresearch
projects. Inthosecases,thedurationis labeled
“nbd” (no be determined).

Resp. Party:Assignsleadresponsibilityof each
taskno a specificparty. This doesnor necessarily
meanthat theindicatedentity hassoleresponsi-
bility for completionof aspecific task;the
RecoveryTeamrecommendsthanagencies,
Tribes,andothers workcooperativelyon recov-
ery taskswheneverpossible.

The following abbreviationsareused:

AA = As appropriate1
Ac = Action agency
All = All involved2

AZ = Snareof Arizona
BLM = Bureauof LandManagement
CO= Snareof Colorado
DOD= Departmentof Defense
FS = ForestService
FWS= FishandWildlife Service
MA= MescaleroApache
MEX = Mexico
NAV = Navajo
NM = SnareofNewMexico
NPS (A National Park Service

P1 = Principle Investigator
RT = Recovery Team
SCA = SanCarlosApache
rbd = no be determined

UT = Snareof Utah
WMA = Whine Mm. Apache
WT = Working Team3

Used insituations suchas under“Other Federal
agencies.”

2 All partiesinvolvedin acooperativeeffort, suchasthe

population monitoringprogram.
‘~ Usedboth for all RecoveryUnit WorkingTeams

collectively, or for the appropriateWV for aRecovery

Unit.

Dur.: The approximateduration(in years)of
each task. Items that are expected no rake less
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Cost Estimates:The figuresin this column
represent the estimated costs (x$ 1,000) of
carryingour the recommendedtasksin each
fiscal year (FY) indicated.Estimatedcostsare
roundedno the nearest$1,000,i.e.,aproject
estimatedan $200 will show“0”; aproject
estimatedan$500 will show“1”, etc. Someof
thetasksassigned “NA”will be so labeled
because noadditionalcostattributableno Mexi-
canspottedowl recoverywill beincurred.These
includeactivitiesthatare eitheralreadyparr of
landmanagementprogramsor thosethatcan be
paidfor throughcommercialreceipts(e.g. forest
healthenhancement/protection~rojects).No
costestimatesaregiven ontasksfor Mexico
because theRecoveryTeamwas unableno obtain
the information.

Obviously, in is impossibleno accurately
predictthe costsof manytasks.Forexample,the
cost no carry our recommended research activi-

ties can varywidely dependingon the study
design, the duration of the study, and other

factors.Similarly, the fiscalyear(s)underwhich
the costsareplacedmayor may non bethe fiscal
year inwhich the costis actuallyincurred;again,
iris impossiblepredictwhena projectwill be
undertaken.Finally, in casessuchas pre-projeen
inventories,costscanonly be estimatedon aper-
unit basis (e.g., $1.25/acre).

Volrone I/Parr IV 138



Table IV.D. 1 ImplementationandCostSchedule

Dur.
Task TaskNo. P (Yrs)

Cost Estimates
Resp.
Party FY96 FY97 FY98 FY99 FY00

(x $1,000)

FY01 FY02 FY03 FY04 FY05

1. ResourceManagementPrograms
LandManagement PolicyAmendment

FederalAgencies

Tribes

States

Mexico

1111

1112
1113
1114
1121

1122
1123
1124
1125
1131

1132
1133
1134
1141

1142

1 2 FS

2 2 BLM
2 2 NPS
2 2 DOD
2 1 WMA

2 1 MA
2 1 SCA
2 1 NAV
3 ] AA

3 1 AZ
3 1 NM
3 1 UT
3 1 CO
1 1 FWS

1 1 MEX

5
25
25
25
25

25
25
25

tbd

tbd
rbd
tbd
tbd

5

0
25
25
25
0

0
0
0

tbd
tbd

tbd
tbd
tbd

0

o 0 0 0 0 0 0 0

o 0 0 0 0 0 0 0
o o 0 0 0 0 0 0
o 0 0 0 0 0 0 0
o o 0 0 0 0 0 0

o o 0 0 0 0 0 0
o o 0 0 0 0 0 0
o o 0 0 0 0 0 0
0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0

0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Pre-ProjectInventories
FederalAgencies

Tribes

1211
1212
1213
1214
1221

1222
1223
1224

1225
1231

1232
1233
1234
124

States

Mexico

1 cont. FS
1 cont. BLM
1 cont. NPS
1 cont. DOD
1 cont. WMA

1 cont. MA
1 cont. SCA
1 cont. NAV
I cont. AA
I cont. AZ

1 cont. NM
1 cont. UT
1 cont. CO
1 cont. MEX

$1.25/acre



Table IV.D. 1, continued

Dur.

Task Task No. P (Yrs)

Cost Estimates
Resp.

Party FY96 FY97 FY98 FY99 FY00

(x $1,000)

FY01 FY02 FY03 FY04 FY05

2. Active Management
ForestHealth

Federal Agencies

Tribes

States

Mexico

2111 1 coot. FS

2112 3 coot. BLM
2113 3 coot. NPS
2114 2 coot. DOD

2115 3 coot. AA
2121 2 coot. WMA
2122 2 coot. MA

2123 2 coot. SCA

2124 2 coot. NAV
2125 3 coot. AA
2131 3 coot. AZ

2132 3 coot. NM
2133 3 cont. UT
2134 3 coot. CO
214 1 coot. MEX

o 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 ()
o 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 0

o 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0

o o 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 0 0 0
o o 0 0 0 0 0 0 0 0

Riparian Management
Lowland Areas

Mid- and Upland Areas
Federal Lands

2211 2 coot. BLM
2212 2 coot. AZ
2213 2 coot. NM
2214 2 coot. UT
2215 2 coot. CO
2216 2 coot. MEX

22211 1 coot. FS
22212 3 coot. BLM
22213 3 coot. NPS
22214 3 coot. DOD
22215 3 coot. AA

o 0 0 0 0 0 0 0 0 0
tbd

0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0



Table IVD.1, continued

Task Task No. P
Dur.
(Yrs)

Resp.
Party

Cost Estimates (x $1,000)

FY96 FY97 FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05

Mid- and Upland Areas (continued)

Tribes 22221 2 cont. WMA 0 0 0 0 0 0 0 0 0 0

Mexico

Long-term ManagementPlan
AppointTeam
DevelopDraftPlan
Peer,PublicReview
ProduceFinalPian
DevelopImplementation Documents

JointFederalElS
TribalDocuments

StateMOUs

Mexico

22222

22223
22224
22225
2223

1

1
1
1
1

coot.

coot.
cont.
coot.
cont.

MA

SCA
NAV
PA

MEX

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

231
232
233
234

2351
2352
2353
2354
2355
2356
23571
23572
23573
23574
2358

1
1
1
1

1
1
1
1
1
1
1
1
1
1
1

2
2
2
2

2
2
2
2
2
2
2
2
2
2
2

FWS
FWS
FWS
FWS

FS
WN4A
MA
SCA
NAV
PA
AZ
NM
UT
CO

MEX

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0
0
0
0
0

1
100

0
0

0
0
0
0
0
0
0
0
0
0

1
100

5
0

0
0
0
0
0
0
0
0
0
0

5
5
5

50

0
0
0
0
0
0
0
0
0
0

5
5
5

50

tbd
tbd
tbd
tbd
tbcl
tbd
tbd
tbd
tbd
tbd

3. Monitoring
Population

SecureFunding
SelectP1
Dev. Methodology
ReviewMethodology
Conduct Pilot Study
Evaluate/ReviseMethodology

sentMonitoring

311
312
313
314
315
316
317

1 coot. All
1 1 All

1 P1
I RI

1 1 P1

1 1 P1
1 10 [)J

5
2

25
10

500
25
.0

5
0
0
0
0

10
1500

0
0
0
0
0

1500

5
0
0
0
0
0

1500

5
0
0
0

0
0

1500

5 5 5 5 5
0 0 0 0 0

0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

1500 1500 1500 1’~ 1500



Table IVD.1, continued

Dur.
Task Task No. P (Yrs)

Resp. Cost Estimates
Parry FY96 FY97 FY98 FY99 FY00

(x ~1.000)
FY01 FY02 FY03 FY04 FY05

3. Monitoring (continued)
Macrohabitat

Acquire Imagery
ProcessImagery
Acquire Imagery

Process Imagery
Analyze Change
Acquire Imagery

ProcessImagery
Analyze Change

3211
3212
3213
3214

3215
3216
3217
3218

1 1 PA
1 1 AA
1 1 PA
1 1 PA
1 1 PA
1 1 PA
1 1 AA
1 1 PA

70 0 0 0 0 0
50 0 0 0 0 0

0 0 0 0 70 0
0 0 0 0 50 0
0 0 0 0 0 50
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 70
0 0 0 50
0 0 0 50

Microhabitat

Measure Habitat Variables
Design Treatment
Conduct Treatment
MeasureHabitat Variables
Analyze Effects
Measure Habitat Variables
Analyze Habitat Trajectory

3221

3222
3223
3224
3225
3226
3227

1 1 AA
1 1 PA
1 1 AA
1 1 PA
1 1 PA
1 1 PA

1 I PA

200 200 200 200 200 200 200 200 200 200
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 200 200 200 200 200 200 200 200 200
0 50 50 50 50 50 50 50 50 50
0 0 0 0 0 0 0 0 0 200
0 0 0 0 0 0 0 0 0 50

DispersalStudies
Connectivity
Dispersal Habitat

GeneticStudies
Genetic Isolation
Gene Flow

Habitat Studies
Habitat Selection
Habitat/Fitness

4111 2 tbd P1
4112 2 tbd P1

80 80 80 80

40 40 40 40

0 0 0 0 0 0
0 0 0 0 0 0

4121

4122

3

3

tbd

tbd

P1

P1

50

50

50

50

50

50

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4131 2 tbd P1 120 120 120 120 0 0 0 0 0 0

4132 2 tbd P1 150 150 150 150 175 175 175 200 200 200

Land Use Habitat Influence

Silviculture
Grazing
Prescribed Fire
Recreation

4141

4142
4143
4144

I tbd PT
1 tbd PT
2 thd P1
2 tbd PT

200 200 200 200 200 300 300 300 300 300
100 100 100 100 100 150 150 150 150 150

75 75 75 75 75 120 120 120 120 100
30 30 30 30 30 0 0 0 0 0

4. Research



Table IV.D.1, continued

Dur.

Task Task No. P (Yrs)

CostEstimates

Resp.
Party FY96 FY97 FY98 FY99 FY00

(x $1,000)

FY01 FY02 FY03 FY04 FY05

4. Research(continued)

Disturbance
Noise/Visual
Encroachment

RecoveryPlan Implementation
Vertebrates
Invertebrates
Plants/Communities
Abiotic Features
EcosystemFunction

General Inventory
Federal Lands

Tribal Lands

State and PrivateLands

4151
4152

2 tbd P1
2 rbd P1

80 80 80 0 0 0 0 0 0 0
80 80 80 0 0 0 0 0 0 0

4161 3 tbd P1 300 300 300 400 400 400 400 450 450 450

4162 3 tbd P1 100 100 100 130 130 130 130 150 150 150

4163 3 rbd P1 100 100 100 130 130 130 130 150 150 150

4164 3 tbd P1 100 100 100 130 130 130 130 150 150 150

4165 3 tbd P1 200 200 200 200 250 250 250 300 300 300

4211 2 cont. FS $1 .25/acre
4212 2 coot. BLM

4213 2 cont. NPS

4214 2 coot. DOD

4215 3 cont. PA

4221 2 coot. WMA

4222 2 cont. MA

4223 2 coot. SCA
4224 2 cont. NAV

4225 3 coot. PA

4231 3 cont. AZ

4232 3 coot. NM

4233 3 cont. UT

4234 3 cont. CO

424 2 cont. MEX

Central Information Facility
Geographic Information System

UpdateOwl Locations
Update1-labitatCoverage

Maintain Bibliography
P ‘ste Information

4311

4312
432

433

3 coot. PA

3 cont. PA
3 cont. tbd
3 coot. tbd

0
1 1 1 1 1 1 1
2 0 0 0 2 0 0
1 1 1 1 1 1 1
1 1 1 1 1 1 1

1 1
0 2
1 1



Table IV.D. 1, continued

Task TaskNo. P
Dur.
(Yrs)

Resp.
Party

Cost Estimates (x $1,000)

FY96 FY97 FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05

5. Oversight,Review, Evaluation,andRevision
Oversee/MonitorImplementation

Section7 Consultation
Workshop 5111
ProgrammaticConsultation 5112
Project Consultation 5113

1
1
1

c
c

cont.

FWS,RT
FWS,Ac
FWS,Ac

1
10
50

1
10
50

5
5

50

5
5

50

5
5

50

5
5

50

5
5

50

5
5

50

5
5

50

5
5

50
WorkingTeams

AppointTeams 5121

DevelopCharter,Rules 5122
TrainingSession 5123
Workshops 5124

2

2
2
2

1

1
1
1

FWS

RT,WT
RT,WT

WI

1

1
1

10

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

0

0
0
0

ReviewImplementation 5125
AttcndRTMeetings 5126

1
1

cont.
coot.

WI
WI

4
4

4
4

2
2

2
2

2
2

2
2

2
2

2
2

2
2

2
2

RecoveryTeam
SemiannualMeetings 5131 2 2 RI 8 8 0 0 0 0 0 0 0 0
AnnualMeetings 5132

OverseeResearch

2 coot. RI 0 0 4 4 4 4 4 4 4 4

Review,Prioritize 521 3 cont. 2 2 2 2 2 2 2 2 2 2
UpdateFWS,RT 522

Review, Evaluate,ReviseRecoveryPlan
3 coot. WI 1 1 1 1 1 1 1 1 1 1

ReportRPProgresstoFWS,RT 531

SuggestRPRevisions 532
Provide TechnicalAssistance

2

2

coot.

cont.

WI

WI

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

AidinProjectDesign 541
ProcureResearch Fund., Sup. 542

2
2

cont.
coot.

WI
WI

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

1
1

Help DevelopMgmt. Plans 543
Help DevelopCons.Agreements 544

2
2

coot.
coot.

WI
WI

2
2

2
2

2
2

0
0

0
0

0
0

0
0

0
0

0
0

0
0

OtherTechnical Assistance 545 2 cont. WI 1 1 1 1 1 1 1 1 1 1
StatusReviews 55 1 1 FWS 0 0 0 0 10 0 0 0 0 10

States/Private Lands

AssessSituation 561 2 1 EWS 5 0 0 0 0 0 0 0 0 0
Promulgate4(d)Rule 562 2 1 FWS 0 10 0 0 0 0 0 0 0 0
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GLOSSARY

AcronymsandAbbreviations

Act - EndangeredSpeciesAct of 1973, as
amended

AIC - Akaike’s InformationCriteria
AK - Adaptive kernel
AOU - AmericanOrnithologists’Union
ANOVA - Analysisof variance:a statistical

evaluationprocedure
AZ - Arizona
BLM - Bureauof LandManagement
CJS - Cormack-Jolly-Seber:a populationmodel
CO- Colorado
CSA - Coconino Study Area: a demographic

studyarea
DOD - Departmentof Defense
EA - EnvironmentalAssessment
EIS - EnvironmentalImpactStatement
FEMAT - Forest EcosystemManagement

AssessmentTeam
FS - Forest Service(USDA ForestService)
FWS - FishandWildlife Service(U.S. Fishand

Wildlife Service;USD1 FishandWildlife
Service)

FY - Federalbudgetfiscalyear; 1 Octoberno 30
September

GIS - GeographicInformationSystem
GSA - Gila StudyArea: a demographicstudy

area

HCA - HabitatConservationArea

ISC - InteragencyScientific Committee

LMP - LandManagement Plan
LRT - Likelihood ratio tests
LSR - Late SuccessionalReserve
MANOVA - Mulnivariare analysisof variance
MCP - Minimum convexpolygon

MBTA - Migratory Bird TreatyAct

NBS - National Biological Service

NEPA - NationalEnvironmentalPolicy Act
NFMA - National ForestManagementAct
NM - New Mexico

NPS - NationalParkService (USD1National
ParkService)

PAC - Protected Activity Center
RU - RecoveryUnit

SISA - Sky Island StudyArea

SOHA - SportedOwl HabitatArea
SOMA - SportedOwl ManagementArea

TES- Terrestrial Ecosystem Survey
USDA- United StatesDepartmentof Agricul-

ture
USD1 - UnitedStatesDepartmentof Interior
USGS- United StatesGeologicalSurvey
UT - Utah

Terms

Adaptive kernel(AK) - refersno a methodof
estimating home-rangesize.This method
involves estimatinga bivariane probabil-

ity distribution from theobserved animal

locations,andcan be usedno compute
the areacontaininga specifiedpropor-
nonof thoselocations.

Adaptivemanagement- refersno a process in
which policydecisionsare implemented
within a frameworkof scientifically

driven experimentsno nestpredictions
andassumptionsinherentin manage-
ment plans.

Algorithm - amathematicalformulafor solving
a problem.

Basalarea- the cross-sectionalareaof a treestem

nearins base.Generallymeasuredan
breastheight (includingbark).

Biomass- with respectno individuals, thisrefers

no the weight (mass) of a plant or an

animal. With respect no areas or commu-
nines,refersno the tonal massof living

organisms in that area or community an

anygiven rime. With respectno owl diet,

usedno refer no the relativecontribution

of onespecies(or group)of preyanimals
no the overall diet.

Birth-pulsepopulation- a populationassumed
no have a discretepoint in time during
which all offspring areproduced.

Bonferroni confidenceinterval - a family of
simultaneousconfidenceintervalsin

which thewidth of eachinterval is

adjusteddownwardno accountfor the
estimationof simultaneousintervals.
Basically,allows for multiple compari-

sonswithout inflating theType I error

rate.
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Bosque- a discretegroveor thickenof trees,

particularly inlowland ornipanianareas

of the SouthwesternUnited Statesand

Mexico; for examplea cottonwood

bosqueor a mesquite bosque.

Canopy- a layerof foliage, generallytheupper-

most layer, in a foreststand.Can be used

no refer no mid- or understoryvegetation

in multi-layeredstands.

Canopyclosure- an estimateof the amountof

overheadtreecover (also canopycover).

Clearcur- an areawherethe entire standof trees

hasbeenremovedin onecunning.

Climax species- any speciesthanis characteristic

of a plant community than through

naturalprocessesreachesthe apexof ins

developmentafter sufficienttime. The

oppositeof seralspecies.
Closedpopulation - a population that receives

no immigrantsfrom otherpopulations,

andfrom which no individuals emigrate

no otherpopulations.

Cohort- individualsof the sameage, resulting
from the samebirth-pulse.

Commercial forestland - forestedland deemed
tentativelysuitablefor the production of

cropsof timber, than hasnor been

withdrawn administrativelyfrom timber

production (seereserved land).

Confidenceinterval - an intervalconstructed

arounda parameterestimate,in which

that estimateshould occurwith a speci-

fied probability, suchas93%of the time.

Connectivity - an estimateof theextentno

which interveninghabitats connect

subpopulanionsof sportedowls.

Cordillera - a mountainrangeor chain.

Cordilleran - of or relatingno a rangeof moun-

tains.

Dbh - diameteran breastheight,a standard

measureof treesize.

Demography- the quantitativeanalysisof

populationstructureand trend.

Demographicsrochasnicinv- fluctuationsin
populationsize driven by random
fluctuations in birth and deathrates.

Dispersal- The movementof organismsfrom

their birth placeno anotherlocation

where they produceoffspring.

Disturbance- significant alterationof habitat

structureor composition.May benatural

(e.g. fire) or human-causedevents(e.g.
timber harvest).

Early seralstage- an area than is in the early
stagesof ecologicalsuccession.

Ecological succession- the orderly progressionof

an areathroughtime from onevegetative

community no anotherin the absenceof

disturbance. Forexample,an area may

proceedfrom grass-forbthrough aspen

forestno mixed-coniferforest.

Ecosystem- an interactingbiophysical systemof

organismsand their environment.

Emigration - permanentmovementof individu-
als away from a population.

Encinal - of or relatingno oaks,particularly plant

communitiesdominatedby live oaks.
Environmentalsnochasniciry- randomvariation

in environmentalattributes,suchas

weatherpatternsor fire regimes.

Even-agedforest - usedno referno forestscom-

posedof treeswith a rime spanof=20

yrs betweenoldest and youngestindi-

viduals.
Even-agedmanagement- the applicationof a

combinationof actionsthan result in the

creationof standsin which treesare

essentiallyall of thesameage. Cutting

methodsthat produceeven-agedstands

includeclearcurs,seed-treecurs,and

shelnerwoodcurs.
Fecundity - a statisticalparameterof productiv-

ity determinedby the numberof same-

genderoffspring producedby eachadult

in a population.Thus,eithermale

offspring producedper maleadult or

femaleoffspring producedper female

adult is a measureof fecundity.
Fire regime- a descriptionof the frequency,

severity,andextentof fires thattypically
occur in anareaor vegetationtype.

Floater - a memberof a spottedowl population

thandoesnon hold, maintain,or defenda
territory (seeFranklin 1992).

Forb - a broadleaved, herbaceousplant; for
example,columbine.

Fragmentation- the processof reducingthe size

and connectivityof habitatpatches.
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Fuel ladder - deador living fuels that connect
fuels on the forestfloor to the canopy,

andpromorethespreadof surfacefires
to tree crowns.

Fuelloads - the amount of combustiblematerial

presentperunit area.

Fuels- combustiblematerials.

Fuelwood - wood, eithergreenor dead,har-

vested for purposesof cookingor space
heating,andusually measuredin cords.

(I cord = 128 cubic feet.)

GeographicalInformation System(GIS) - a

computersystemcapableof storingand

manipulatingspatialdata.

Geneflow - the movementof geneticmaterial

amongpopulations.

Genetic stochasticity- randomchangesin gene

frequencieswithin a population, may

result from factorssuchas inbreeding

and mutation.

Graminoids- any plantsof the grassfamily in

particular andalso thoseplants inother

families thathavea grass-likeform or

appearance (forexample,sedges).

Group-selectioncutting - removalduring harvest

of groupsof trees.

Habitat - suiteof existingenvironmentalcondi-

tionsrequiredby an organismfor sur-
vival andreproduction.The place where

an organismtypically lives.

Habitatfragmentation- see fragmentation.
Habitatmosaic- the mixture of habitatcondi-

tionsacrossa landscape.

Habitattype - seevegetationtype.

Hangingcanyon- a side canyon,the mouthof

which lies abovethe floor of a larger

canyonto which it is tributary’.

Home range- the areausedby an animalin its

day-to-dayactivities.

Immigration — the movementof individuals

from otherareasinto a given area.

IntermountainRegion — an administrativeregion

of the USDA ForestService,lying

betweenthe PacificCoastalandRocky

Mountain Rangesand including Utah,

Nevada,southernIdaho,and partsof

\X/yomi ng and Montana.

Lambda— the finite rateof changein population

size. If lambdais greaterthan 1, the

populationtrend is increasing;if lambda

equals 1, the population trend is stable;

if lambdais less than 1, thepopulation

trend is decreasing.

Land ManagementPlan (LMP) - a planwritten
for the managementof aNational

Forest.These planswere mandatedby
the NationalForestManagementAct of

1976.

Lateseralstageforest - a forestin the latter stages

of development,usuallydominatedby

large, old trees.

Leslie matrix - a two-dimensionalarrayof

numbersrepresentingage-or stage-

specificestimatesof birth and death

rates,usedto projectpopulationage(or

stage)structurethroughtime.
Life table - mathematicaltableof age-or stage-

specificbirth anddeathratesof a popula-

tion.

Macrohabirar- landscape-scale featuresthat are

correlatedwith the distribution of a

species;often usedto describeseralstages

or discretearraysof specific vegetation

types.

Madrean - pertainingto Mexico’s SierraMadre

cordillera, or to plant speciesor commu-

nities whoseprimary affinity is to that

region (see alsoPetran).

Madreanpine-oakforest - forestsin which any
of severalpines characterizethe over-

story, and midsroryoaksare mostly
evergreenspecies.Many of thedominant

speciesareMadreanin affinity’. See
Marshall (1957) fordescriptions.This
habitatwasincludedasPine-oakby

FletcherandHollis (1994).

Mesic - of or relating toconditionsbetween

hvdric andxeric or the specific quality of

beingadaptedto conditionsbetweenwet

anddry.

Metapopularion- systemsof local populations
connectedby dispersingindividuals.

Microhabitat - habitat featuresat a fine scale;

often identifies a uniqueset of local

habitat features.

Microtine - anyvole of the genusMicrouts.
Migration - the seasonalmovementfrom one

areato anotherandback.

Minimum convexpolygon (MGP) - a method

usedto estimatehome-rangesize.This
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methodinvolves forminga polygon by
connecting the outermost animal loca-

rions with a series of convex lines, then
computingtheareaof thatpolygon.

Mixed-coniferforesttype - overstoryspeciesin
theseforestsincludeRockyMountain
Douglas-fir,white fir, Rocky Mountain
ponderosapine, quakingaspen,south-
westernwhite pine,limber pine,and
bluespruce. Refer toLI.C for a more
precisediscussionanddefinition of
mixed-conifer forest type.

Model - arepresentationof reality, based on a set
of assumptions,that is developedand
used to describe,analyze,and understand
the behaviorof a systemof interest.

Monitoring - the processof collectinginforma-
tion to trackchangesof selectedparam-
eters over time.

Mousing- a techniqueused toassessreproduc-
tive statusof a pairof spottedowls.
Entails feedingmice to adultowls and
observingthe owls’ subsequentbehavior.

Multi-layered (or multi-storied)stands- forest
standswith >2distinct canopylayers.
Applied to forest standsthatcontain
treesof variousheightsanddiameters,
andthereforesupportfoliageat various
heightsin the verticalprofile of the
stand.

Null hypothesis- a hypothesisstatingthat there
is no differencebetweenunitsbeing
compared.

Other forest andwoodlandtypes - vegetation
typesthatareneither“restricted” or
within PACs (seedefinitionsof those
terms) as to managementrecommenda-
tions providedin this RecoveryPlan.

Old growth - an old foreststand,typically
dominatedby large, oldtrees,with
relativelyhigh canopyclosureandahigh
incidenceof snags,aswell aslogs and
otherwoodydebris.

Overstory- the highestlimbs andfoliage of a
tree, andconsequentlyextendingand
relatingto the upperlayersof a forest
canopy.

Pellet- a compactmassof undigestedmaterial
remainingafterpreliminarydigestion
andeliminatedby regurgitationrather

than by defecation.
Peromyscid- anymousein the genusPeromyscus

of the family Muridae (formerly
Griceridac).

Petran- pertainingto the RockyMountain area.
Used toidentify plant associations or
speciesthat havetheir primaryaffinity to
the RockyMountainarea (see also
Madrean).

Physiographic province- a geographicregion in
which climateandgeology havegiven
rise to adistinct arrayof landformsand
habitats.

Pine-oakforest type - standswithin thePinus
ponderosaandPinus Ieiophyllaseriesthat
exhibit a pineoverstoryand oakunder-
story. Refer toII.G for thesecriteria and
a moreprecisediscussionanddefinition
of pine-oakforest type.

Precommercialthinning - the practiceof remov-
ing someof the smaller trees in astand
sothat remainingtreeswill grow faster.

Prescribedfire - a fire burningunderspecified
conditions;mayresult from either
plannedor unplannedignitions.

Ponderosapineforest type - anyforestedstand
of the PinusponderosaSeriesnot in-
eluded in the pine-oak forest type
definition, or anystandthatqualifiesas
pure(i.e., anystand wherea single
speciescontributes>80 00 of the basal
areaof dominantandcodominanttrees)
ponderosapine,regardlessof theseriesor
habitat(see alsoEyre 1980). Refer to
PartIJ.G for amoreprecisediscussion
anddefinition of ponderosapineforest
type.

Population- a collection of individuals that

sharea commongene pool.
Populationdensity- thenumberof individuals

per unit area.

Population persistence - the capacityof a popu-
larion to maintain sufficient numbers

anddistributionover time.
Populationviability - the probability that a

population will persist for a specific

periodof time, despitedemographicand
environmentalstochasriciry.

Power - with respect to statisticalcomparisons,
refers to theprobability of not makinga
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Type-Il error.
ProtectedActivity Center(PAC) - an area

establishedaroundan owl nest(or
sometimesroost) sire, for the purposeof
protecting than area. Management of
theseareasis largely restrictedno manag-
ing for forest healthobjectives.

Protectedareas- as used inthis Plan, refersno
areasthat areprotected,andwheremost
managementactivitiesarevery restricted
or disallowed.IncludesProtectedActiv-
ity Centers.

Recovery- as provided by the Endangered

SpeciesAct and ins implementingregula-
nions,the processof returninga threat-
enedor endangeredspeciesno thepoint
anwhich protectionundertheEndan-
geredSpeciesAct is no longernecessary.

RecoveryPlan - as provided by the Endangered

Species Act, a plan for management of a
threatened or endangered species that
lays our the stepsnecessaryno recover a
species(see“Recovery”).

RecoveryTeam - a teamof expertsappointedby
the FishandWildlife Servicewhose
chargeis developmentof a Recovery
Plan(see“RecoveryPlan”).

RecoveryUnit (RU) - a specificgeographicarea,
identified mainly from physiographic
provinces, used no evaluate the status of

the Mexican sportedowl.
Recruitment- the additionof individuals no a

populationfrom birth andimmigration.
Reserved lands- landsthat havebeenadminis-

tratively withdrawn from commercial
activities, suchas wildernessareasor
researchnaturalareas.

RestrictedAreas- as used in this Plan, refers no
areas than are nor protected (see Pro-

tectedAreas),bun wherespecificguide-
lines formanagementactivitiesare
proposed.

Riparian- of or relating no a river; specifically
appliedno ecology,“riparian” describes
theland immediatelyadjoiningand
directly influencedby streams.For
example, riparian vegetation includes any
and all plant-life growingon the land
adjoininga streamanddirectly influ-
encedby that stream.

Riparianforests- forestsalongrivers,streams,
andotherwetlandenvironments,typi-
cally characterizedby the presenceof
niparian-obligare plants such as cotton--

woods, willows,sycamores,or alders.
Descriptionsare providedby Dick-
Peddie (1993)andothers.

RockyMountainRegion- An administrative

regionof theUSDA ForestService,
includingColorado,Nebraska,South
Dakota,andpartsof Wyoming.

Rotation - the plannednumberof yearsbetween
regenerationof a forest standand final
harvestof that stand.

Salvage- seesanitationsalvage.
Sanitationsalvage- removal of dead,damaged,

or susceptibletreesprimarily no prevent
thespreadof pests orparhogensandno
promoteforest health.

Seed-tree cur- an even-agedregenerationcunning
in which only a few seed treesarere-
tainedper hecrare.Shelnerwoodcuts
retainmoreseedtrees.

Seralspecies- anyplant or animal that is typical

of a seralcommunity (stage).
Seral stage - Any plantcommunitywhoseplant

compositionis changingin a predictable
way; for example,an aspencommunity
changingno a coniferousforest commu-
nity.

Shelnerwoodcur - an even-agedregeneration
cunningin which new tree seedlings are
establishedunderthe partial shadeof
remnantseedtrees.

Silviculnure - the practiceof controlling the
establishment, composition,andgrowth
of forests.

Single-tree selectioncutting - a cunningmethod
based onremovalof individual trees,
ratherthangroupsof trees(see also
group selectioncunning).

Sink - in a population sense, refers no a popula-

non whosedeathrare exceedsinsbirth
rare.Sucha population is maintainedby
immigration fromotherpopulations(see
source),andis non expectedno contrib-
uteno long-termpopulationmainte-
nance.
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Slash- theresidue left onthegroundafter
logging, including logs, uprooted
stumps,branches,twigs, leaves,andbark.

SouthwesternRegion - an administrativeunit of
the USDA ForestService,including
Arizona andNewMexico; andan ad-
ministrativeunit of the USD1 Fishand
Wildlife Service, includingArizona,
New Mexico, Texasand Oklahoma.

Snag- astanding deadtree.
Source- in a populationsense, refersno a popu-

lation wherebirth rare exceedsdeath
rate. Sucha populationproducesan
excessof juvenilesthatcandisperseno
otherpopulations(seesink).

Spruce-fir forest type - high-elevationforests
occurringon cold sireswith shortgrow-
ing seasons,heavy snowaccumulations,
andstrongecologicaland florisnic
affinities no cold forestsof higher lati-
tudes.In general,dominanttreesinclude
Engleinannspruce,subalpineand/or
corkbarkfir, or sometimesbnistlecone
pine. Refer no Part II.C for a more
precisediscussionanddefinition of
spruce-firforest type.

Stand- anyhomogeneousareaof vegetation
with moreor less uniformsoils, land-
form, andvegetation.Typically usedno
refer no forestedareas.

Stochastic- randomor uncertain.
Stringers- narrowbandsof treesthatextendinto

confinedareasof suitablehabitatsuchas
in ravines.

Subpopulanion- awell-definedsen of individuals
than comprises a subsetof a larger,
interbreedingpopulation(see also
menapopulanion).

Survivorship- the proportionof newborn
individualsthat arealive ananygiven
age.

Team- the Mexican SpottedOwl Recovery
Team

Technical Team- theUtahTechnicalTeam; an
interagencyreamchargedwith providing
managementsuggestions for theMexican
sportedowl.

Terrestrial EcosystemSurvey(TES) - a systemof
ecosystem classification, inventory,
mapping,and interpretationbasedupon

terrestrialvegetationandenvironmental
factors, usedby the USDA ForestSer-
vice, SouthwesternRegion. Ecosystems
aredefinedby combinationsof potential
vegetation,soils, andclimates.Land is
partitionedinto mapping unitsbased
upon inventorydata, classification,and
air photo interpretation.

Territory - the areathat an animaldefends
againstintrudersof ins own species.Nor
synonymouswith homerange,asparts
of thehomerangeare typically shared
with otherindividuals.

Toe clipping - a procedureby which small
animalsarecapturedalive and markedas
individualsfor later recapture recogni-
tion by clipping off portions of oneor
more noesin uniquecombinations.

Trap-night - a standardizedmeasurementof
trappingeffort in wildlife studies;equals
onetrap senfor night. For example,one
trap senfor 10 nightsand 10 trapssenfor
onenightbothequal10 trap-nights.

Turnover- in a populationsense,refersno the
rare anwhich individualsthatdie are
replaced by other individuals.

Type-I error - theerror made whenanull
hypothesisthatis true is inappropriately
rejected,aswhenconcluding thattwo
samplesfrom a singlepopulationcome
from two different populations.

Type-Il error- the errorthat is made whena null
hypothesisthatis falseis nor rejected,as
when concluding thattwo samplesfrom
different populationscamefrom a single
population.

Understory- anyvegetationwhosecanopy
(foliage) is below, or closerno the ground
than,canopiesof otherplants.The
oppositeof overstory.

Uneven-agedmanagement- the applicationof a
combinationof actionsneededno simul-
taneouslymaintaincontinuoustall forest
cover, recurring regenerationof desirable
species,andthe orderlygrowth and
developmentof treesthrougha rangeof
diameteror ageclasses.Cunningmethods
thandevelopandmaintainuneven-aged
standsaresingle-tree selectionandgroup
selection.
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Vegetationtypes - a landclassification system
basedupon theconceptof distinct plant
associations. Vegetation orhabitattypes
(plant associations) havebeendocu-
mentedfor westernforests,andkeys no
their identification areavailable.The
primaryvegetation(or habitat) types
usedby Mexican spottedowls are dis-
cussed inII.C.

Viability - ability of a populationno persist
throughrime (seepopulationviability).

Viral rates- collectiveterm for age-or stage-

specificdemographicrates,suchas birth
anddeathrates,of a population.

Vole - anysmallrodent in the genusMicrotus,
C’/ethrionomys,or Phenacomys,all in the
family Muridae.

Winchesbroom- amassof profuseanddensely
packedtwigs representingabnormal
growthof a treebranch.Often results
from infection by dwarfmistletoe.

Xeric - of or relatingno perenniallydrycondi-
tions or thespecificquality of being
adaptedno dry conditions.
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APPENDIX A
THE RECOVERY TEAM

AND ASSOCIATES

RECOVERY TEAM.

William M Block,Team Leader;
Wildlife Biologist.

Education:B.A., Economics,SanDiegoState
University, 1974; B.S.,Wildlife Biology,
Michigan StateUniversity, 1981; M.S.,
Wildlife Biology, HumboldtState
University, 1985; Ph.D., Wildiand
Resource Science,Universityof Califor-
nia, Berkeley 1989.

CurrentPosition: ProjectLeader,Research
Wildlife Biologist, USDA ForestService,
RockyMountainForestandRange
ExperimentStation,Flagstaff,Arizona.

Fernando Clemente,Wildlife Biologist.
Education:B.S., Animal Science,University

of Chapingo,Mexico, 1977;M.S.,
Wild Animal Nutrition, ColegioDe
Postgraduados,Mexico, 1984;Ph.D.,
RangeandWildlife Management, New
Mexico StateUniversity, 1992.

CurrentPosition:Head,Departmentof Wildlife
Science,andWildlife Professor,Colegio
De Postgraduados,CampusSanLuis
Potosi, Mexico.

James L. Dick, Jr.,Silviculturist.
Education:B.S.,Forestry,University of Mon-

tana, 1967;M.S., Forest Resources,
Pennsylvania StateUniversity 1972.

CurrentPosition:Forester,RecreationStaffUnit,
USDA ForestService,Southwestern
Region,Albuquerque,NewMexico.

Alan B. Franklin, SpottedOwl Researcher.
Education:B.S.,Wildlife Biology; Cornell

University, 1979; M.S.,Wildlife Biology,
HumboldtState University, 1987;
DoctoralCandidate,Departmentof
FisheriesandWildlife, ColoradoState
University.

CurrentPosition: ProjectLeader,Humboldt

StateUniversityFoundation,Humboldt
StateUniversity, Arcata,California.

JosephL. Ganey,SpottedOwl Researcher.
Education:B.S.,Wildlife Biology, Humboldt

StateUniversity 1981; M.S., Biology,
NorthernArizona University, 1988;
Ph.D.,Zoology, NorthernArizona
University, 1991.

CurrentPosition: ResearchWildlife Biologist,
USDA ForestService,RockyMountain
ForestandRangeExperimentStation,
Flagstaff,Arizona.

WH Moir, Ecologist.
Education:Ph.D.,BotanyandSoils,

WashingtonStateUniversity 1965.
CurrentPosition: ResearchEcologist,USDA

ForestService,RockyMountainForest
andRangeExperimentStation,Fort
Collins, Colorado.

SarahF. Rinkevich,Wildlife Biologist.
Education:B.S.,Wildlife andFisheries Science,

Universityof Arizona, 1987;M.S.,
Wildlife Biology, HumboldtState
University 1991.

CurrentPosition: FishandWildlife Biologist,
USD1 FishandWildlife Service,New
Mexico Ecological Services StateOffice,
Albuquerque,New Mexico.

DeanL. Urban, LandscapeEcologist.
Education:B.A., BotanyandZoology, Southern

Illinois University, 1978;M.A., Zoology
(Wildlife Ecology), SouthernIllinois
University 1981; Ph.D.,Ecology,
University of Tennessee,1986.

CurrentPosition: AssistantProfessor,Schoolof
Environment,DukeUniversity

JamesI? Ward,Jr., SpottedOwl Researcher.
Education:B.S.,Wildlife Biology, Humboldt

StateUniversity, 1985;M.S.,Natural
Resources(wildlife scienceemphasis),
HumboldtStateUniversity 1990;
DoctoralCandidate,Departmentof
Biology, ColoradoStateUniversity
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CurrentPosition:Wildlife Biologist, USDA
ForestService,RockyMountainForest
andRangeExperimentStation,Fort
Collins, Colorado.

Gary C White, PopulationEcologist.
Education:B.S., FisheriesandWildlife Biology,

Iowa StateUniversity 1970; M.S.,
Wildlife Biology, University of Maine-
Orono,1972; Ph.D.,Zoology, Ohio
StateUniversity, 1976; PostDoctorate,
Wildlife Biology, Utah StateUniversity,
1976-77.

CurrentPosition: Professor,Departmentof
FisheryandWildlife, ColoradoState
University, Fort Collins, Colorado.

RECOVERY TEAM-
FISH AND WILDLIFE SERVICE

LIAISON:

StevenL. Spangle,FishandWildlife Biologist —

Regional ListingCoordinator,
USD1 FishandWildlife Service,South-
western Regional Office,Albuquerque,
New Mexico.

CONSULTANTS:

Pat Christgau,Coordinator,MexicanSpotted
Owl Management,Arizona Gameand
Fish Department,Phoenix,Arizona.

Coordinator, UtahDivision ofWildlife
Resources,Salt Lake City, Utah.

Tim Keitt, GraduateResearch Assistant,
Departmentof Biology, University
of New Mexico, Albuquerque,New
Mexico

Tom Spalding,DeputyDirector, Arizona
Departmentof GameandFish,
Phoenix,Arizona.

Steve Thompson,Biological Technician,Forest
ResourcesProgram,SanCarlosApache
Tribe, SanCarlos,Arizona.

RobertVahle,ProgramManager,Arizona
GameandFishDepartment,
Region1, Pinetop,Arizona.

MEETING FACILITATOR:

KateW Grandison,IntermountainRegional
SpottedOwl Coordinator,
Dixie National Forest,CedarCity, Utah.

ADMINISTRATIVE ASSISTANT:

BrendaWitsell, BiologicalTechnician,USDA
ForestService,RockyMountainForest
andRangeExperimentStation,Flagstaff,
Arizona.

JackF Cully, Jr., AssistantUnit Leader-Wildlife,
National Biological Service,Kansas
CooperativeFish andWildlife Research
Unit, KansasStateUniversity, Manhat-
tan, Kansas.

FrankP Howe,Utah Partners inFlight
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APPENDIX B

SCHEDULE OF TEAM MEETINGS

March 29 to April 4, 1993
Albuquerque,NewMexico

April 27-30, 1993
Flagstaff,Arizona

May 17-21, 1993
SierraVista, Arizona

June23-25, 1993
Alamogordo,New Mexico

July 12-16, 1993
Flagstaff,Arizona

August 16-19, 1993
Pinetop, Arizona

September14-16, 1993
Fort Collins, Colorado

October13-15, 1993
Albuquerque,NewMexico

January10-14, 1994
Flagstaff,Arizona

February22-25, 1994
Fort Collins, Colorado

March 14-16, 1994
Albuquerque,New Mexico

April 25-29, 1994
Aguascalientes, Mexico

May 23-27, 1994
CedarCity, Utah

June27to July 1, 1994
Flagstaff,Arizona

August8-12, 1994
Flagstaff,Arizona

September7-9, 1994
Fort Collins, Colorado

September29, 1994
Albuquerque, NewMexico

October18-19, 1994
Phoenix, Arizona

February13-17, 1995
Phoenix, Arizona

June19-23, 1995
Phoenix, Arizona

July 17-21, 1995
Flagstaff,Arizona

August14-18, 1995
Albuquerque,New Mexico
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APPENDIX C

SCHEDULE OF FIELD VISITS

April 4, 1993

May20, 1993

June23,1993

August8, 1993

Walnut Canyon/BarM
Canyon,CoconinoNF, Arizona

Huachuca, SantaRita and,
PatagoniaMountains,Arizona

SacramentoMountains,
Lincoln NF, New Mexico

Overflight, GilaNE
New Mexico

JoeGaney
HeatherGreen

RussellDuncan
SteveSpiech

DanneySalas
Pat Ward

BruceAnderson
Steve Servis

August20, 1993 FortApache IndianReservation,
Arizona

April 4, 1994

May 11-13, 1994

May 5, 1994

SierraFria,
Aguascalienres, Mexico

SanCarlos Apache IndianReservation,
Arizona

Zion NationalPark,Utah

NationalWildlife Council

SteveThompson
Tim Wilhite

SarahRinkevich

DATE PLACE COORDINATOR

Joe Jojola
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APPENDIX D

A REFERENCE FOR ENGLISH AND
LATIN NAMES

Englishnames were used inthe text of
thisRecovery Plan tomakesmootherreading
andto improvecomprehensionamongpeople
who are not familiarwith Latin names. Names
arearrangedin alphabeticalorderof families for
plantsbecausethis is theconventionalwayof
arrangingthem in mostcommonlyaccessible
treeandwildflower manuals.Specieswithin the
families are listedalphabeticallyby Latin names.
Animal namesare listedphylogenetically, or
taxonomically, becausethissystemprevailsin
mostcommonlyaccessiblebooks of birds and
mammals,theprincipal speciesreportedhere.
Family namesarealso providedfor theanimals
asan aid forfurther investigation.

Fagaceae

Arizonawhite oak

Emory oak
Gambel oak

Grayoak
Silverleafoak

Netleaf oak
Wavyleafoak

Quercusarizonica
Quercuschihuahuensis
Quercuscoccolobfolia
Quercusemoryt
Quercusgambelii
Quercusgentryl
Quercusgrisea
Quercushypoleucoides
Quercuslaeta
Quercuspotosina
Quercusresinosa
Quercusrugosa
Quercusundulata

Papilionoideae

NewMexico locust Robinia neomexicana

PLANTS

Aceraceae

Canyon
(Bigtooth) maple

Boxelder

Acer
grandidentatum

Acernegundo

Chenopodiaceae

Shadscale Atriplexsp.

Cupressaceae

Whitefir
Blue Spruce
Pinyonpine
Limber pine
Westernwhite pine
Ponderosapine
Aztecpine
Southwestern

white pine
Douglas-fir
Redwood

Abiesconcolor
Piceapungens
Pinus edulis
Pinusfiexilis
Pinus monticola
Pinusponderosa
Pinusteocote
Pinus strobformzs

Pseudotsuga menzzesiz
Sequoiasempervirens

Arizona cypress
Juniper

Cupressusarizonica
Junz~erussp.

Platanaceae

ArizonaSycamore Platanuswrz~htii

Arbutussp.
Arctostaphylos sp.

Salicaceae
Narrowleafcottonwood
Tremblingaspen

Populusangustifolia
Populus tremuloides

Viscaceae

Dwarf mistletoe Arceuthobiumsp.

Zygophyllaceae

Creosotebush

Pinaceae

Ericaceae

Madrone
Manzanita

Fabaceae

Mesquite Prosopissp.

Larrea sp.
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ANIMALS

INVERTEBRATES

Montaneshrew
Duskyshrew
Watershrew

Sorex monticouls
Sorex obscurus
Sorexpalustris

Tortricidae Leporidae

Western
sprucebudworm

Choristoneura
occidentalis

Desertcottontail
Easterncottontail
Nurrall’s cottontail

Sylvilagusaudubonii
Sylvilagusfioridanus
Sylvilagusnuttallii

Sciuridae

Round-headedbeetle

MonarchButterfly

Dendroctonus
adjunctus

Danaus plexippus

VERTEBRATES

Birds

Accipitridae

Northern
flying squirrel

Golden-mantled
groundsquirrel

Rock squirrel

Gray-collared
chipmunk

Gray-footedchipmunk
Leastchipmunk
Cliff chipmunk
Redsquirrel

Glaucomyssabrina

Spermophilus
lateralis
Spermophilus
variegatus
Tamiascinereicollus

Tamias canipes
Tamiasminimus
Tamiasdorsalis
Tamiasciurus
hudsonicus

Goldeneagle
Northerngoshawk
Red-tailed hawk

Greathornedowl
Spottedowl
California spottedowl
Mexicanspottedowl
Northernspottedowl
Barred owl
Fulvous owl
Tawnyowl

Aquila chrysaetos
Accipter gentilis
Buteojamaicensis

Bubo virginianus
Strix occidentalis
5. o. occidentalis
5. o. lucida
5. o. caurina
Strix varia
Strixfiilvescens
Strixaluco

Geomyidae

Botta’spocket gopher
Southernpocket

gopher
Northernpocket

gopher

GreatBasin
pocket mouse

Muridae

Heteromyidae

Thomomysbottae
Thomomysumbrinus

Thomomystalpoides

Perognathusparvus

Yellow-headedparrot Amazonaochrocephala

Mammals

Soricidae

Maskedshrew
Vagrantshrew

Sorex cinereus
Sorexvagrans

Pinyon mouse
Brush mouse
Canyon mouse
Rockmouse
Deermouse

White-footedmouse
Bushy-tailedwoodrat
Desert woodrat

Peromyscus truez
Peromyscusboylei
Peromyscuscrinitis
Peromyscusdjjicilis
Peromyscus
maniculatus
Peromyscusleucopus
Neotomacinerea
Neotomalepida

Scolytidae

Danaidae

Strigidac

Psittacidac
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Mexicanwoodrat
Stephenswoodrat
White-throated

woodrat
Long-tailedvole
Meadowvole

Mexican vole
Montanevole

Neotomamexicana
Neotomastephensi
Neotomaalbigula

Microtuslongicaudus
Microtus
pennsylvanicus
Microtusmexicanus
Microtus montanus

Mustelidae

Long-tailedweasel

Trichechidae

Manatee

Mustelafrenata

Trichechusmanatus

Meadow
jumping mouse

Western
jumpingmouse

Zapus hudsonius

Zapusprinceps

Dipodidae
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APPENDIX E

AGENCIES AND PERSONS COMMENTING
ON DRAFT RECOVERY PLAN

Critical reviewof planningdocumentsby
thosethatmustimplementthemandothers
with relevant expertiseis essential toproducing
managementplansthatarescientificallycredible
andfeasibleto implement.This appendixlists
agenciesandpersonswho reviewedthe draft
MexicanSpottedOwl RecoveryPlan andpro-
vided commentson the document. These
commentsare in largepart responsible for
productionof a final RecoveryPlanthat the
RecoveryTeambelievesis much improvedover
the draftversion.Manycommentsweredirectly
responsible forRecoveryPlanrevision,while
many commentsthatwerenot incorporated
provoked considerablethoughtand lively discus-

Commentor
Parts
Reviewed Affiliation

sion during theRecoveryPlan-revisionperiod.
The RecoveryTeamis grateful to thosewho
spentvaluabletime contributingto this final
Recovery Plan.

PEER REVIEW

The following persons were specificallyasked
to reviewthe draft RecoveryPlan orportions
thereof,as indicated.“PartsReviewed”referred
to belowrelatesto the draftRecoveryPlan, nor
this document.Eachpersons’affiliation is listed.
In addition,scientific andprofessionalorganiza-
tions thatrequestedan individual’s reviewareso
indicated.

Organization

Forsman,E.D. All Pacific NorthwestResearch
Station,U.S. ForestService
Corvallis, OR

American Ornithologists’
Union

Guri&rez, R.J.

Holthausen,R.

King, R.

LaHaye,W

1,11 HumboldtStateUniversity
Arcata, CA

1,11, LII

II, III

II.E II.G

U.S. ForestService
Corvallis, OR

RockyMountainForestand
RangeExperimentStation
U.S. Forest Service
Fort Collins, CO

Humboldt StateUniversity,
Arcata, CA

Meslow, E.C. All Wildlife Management Institute
Corvallis, OR

The Wildlife Society;
Wildlife Management
Institute

Morrison,M.L. II.G, II.H University of Arizona
Tucson,AZ
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Commentor
Parts
Reviewed Affiliation Organization

Pollock, K.H. II.E, III.A,
III.D

Raphael,M.G. I, II, III

Stacey P

Verner,J.

II.F, II.G,
III

II.G, III

AGENCY REVIEW

The following agenciesprovidedcomments
on thedraft RecoveryPlan. Federal agencies are
listedfirst, followed by StateandCountyagen-
cies.Agencynameis followed by signator;other
reviewersare listedin ( ) whenidentified by the
agency

North CarolinaStateUniversity
Raleigh,NC

Pacific NorthwestResearch
Station,U.S. ForestService
Olympia, WA

University of Nevada
Reno,NV

PacificSouthwestResearch
Station,U.S.ForestService
Fresno, CA

U.S. FishandWildlife Service,NewMexico
EcologicalServicesState Office;Jennifer
Fowler-Propst,StateSupervisor.
(Torres, C.).

U.S. FishandWildlife Service,Mountain-Prairie
Region; James M.Lutey ActingAssistant
Regional Director,Ecological Services.

NationalParkService,SouthernArizona Group;
JerryBelson,GeneralSuperintendent.
(Benson, L.).

U.S. Bureauof Indian Affairs, AlbuquerqueArea
Office; PatrickA. Hayes,AreaDirector.
(Schwab,B.).

U.S. Bureauof Indian Affairs, SouthernUte
Agency; CharlesA. Recker,Superinten-
dent. (FriedleyJ.; Recker,T.).

U.S. Bureauof LandManagement,Utah; Mat
Millenbach,StateDirector.
(Stringer, W.).

U.S. FishandWildlife Service,ArizonaEcologi-
cal Services StateOffice; Sam ESpiller,
StateSupervisor.(James,M.; Muiznieks,
B.; Palmer,B.).
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U.S. ForestService,SouthwesternRegion;
CharlesW Cartwright,Jr., Regional
Forester.(Beyerhelm,C.; Birkland,
C.; Briggs, A.; Brown, A.; Casper,L.;
CassidyR.; Dargan,C.; Deaver,R.;
DeLorenzo, D.; Derby J.; Ellenwood, J.;
Ewers,S.; Fletcher,R.; Gerritsma,J.;
Green,H.; Herron,M.; Higgins, B.;
Holbrook, C.; Hollis, H.; Holmstrom,
D.; Johnson,D.; Kill, D.; Lucero,L.;
Maclvor, J.; Madril, A.; Manthei,M.;
Martinez,J.; Menasco,K.; Nelson,J.;
Randall-Parker,T; Rethlake,K.; RoIf, J.;
Schaal,L.; Shafer,J.; Sheppard,G.;
Spoerl,P.; Stahn,R.; Taylor, C,; Vigil,
G.; Wistrand, H.; Zumwalt, M.).

U.S. ForestService,IntermountainRegion;Dale
N. Bosworth, RegionalForester.(Botts,
J.; Egnew,A.; Grandison,K.; Gray S.;
Hayman,R.).
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U.S. ForestService,RockyMountainRegion;
ElizabethEstill, RegionalForester.
(Player,R.).

ArizonaGameandFishDepartment; DuaneL.
Shroufe, Director.(Johnson,T.).

ArizonaState LandDepartment;M. Jean
Hassell, Commissioner.

Otero CountyCommission;RichardL. Zierlein,
Chairman.

SanJuanCountyCommission;
Ty Lewis, Chairman.

OTHER GROUPS
AND INDIVIDUALS

Applied EcosystemManagement,Flagstaff,AZ;
TodHull. (On behalfof: Northern
ArizonaLoggersAssociation; Precision
Pineand TimberCompany;Reidhead
BrothersLumber Company;Stone Forest
Industries).

Defendersof Wildlife, Washington, DC;Robert
M. Ferris,Director, SpeciesConservation
Division; GregoryJ. Sater,Wildlife
Counsel,Legal Division.

ForestConservation Council,SantaFe,NM;
JohnTalberth, ExecutiveDirector.

SouthwestCenterfor Biological Diversity, Silver
City, NM; KieranSuckling, Executive
Director. (Attachmentsignedby Dennis
Morgan, Research Associate,Southwest
Centerfor Biological Diversity; Kieran
Suckling, ExecutiveDirector, Southwest
Centerfor Biological Diversity; Sharon
Galbreath,Chairperson,GrandCanyon
Chapter,Sierra Club; SamuelHitt,
Director, ForestGuardians;JoanieBerde,
CarsonForestWatch;Tom Ribe, Public
ForestryFoundation;Tom H. Woorten,
ConservationChair, Mesilla Valley
AudubonSociety;MaryLouJones,Zuni
MountainCoalition;JosephFeller; Dave
Henderson,SouthwestForestAlliance;
CharlesBabbitt, President,Maricopa
AudubonSociety;JohnTalberth,Execu-
tive Director, ForestConservation
Council;JimPowers,PrescottNational
ForestFriends;Gary Simpson,Northern
New Mexico Chapter,Wilderness
Watch;Eleanor G.Wooten,Vice Presi-
dent,T & E, Inc.; GwenWardwell,
Director,Rio GrandeChapter,Sierra
Club; Mike Siedman;JeffBurgess.).

Stone ForestIndustries,Flagstaff,AZ; SteveC.
Bennett,RegionalManager.

Mark Herron,SantaFe, NM.

TerryJohnson,LosAlamos,NM.

Dennis R. KingsburyMundsPark, AZ.

Volume I/AppendixE 172



Mexican Spotted Owl Recovery Plan
Supporting Documents

Volume II



MexicanSpottedOwl RecoveryPlan

MEXICAN SPOTTED OWL RECOVERY PLAN
Volume II - Technical Supporting Information

This volume consistsof chapterson aspectsof Mexicanspottedowl naturalhistorythatwere
developedduringpreparationof the MexicanSpottedOwl RecoveryPlan(RecoveryPlan). These
treatisesprovidemuchof the informationupon whichthe RecoveryPlan, especially the recovery
recommendationsin PartIII of Volume I, are based.Much of thematerialin Volume II is highly

technicalin natureand, althoughimportant,was not consideredappropriatefor inclusion in a working
implementationdocumentlike Volume I of the RecoveryPlan. The MexicanSpottedOwl Recovery
Teamandthe FishandWildlife Servicebelievethatthesetechnicalpapersshould,however,be available
to anyonewho would like a detailed accountof subject mattercontainedherein.

Sincethe materialdetailedin Volume II was integralin developingthe RecoveryPlan, thesalient
pointsfrom eachof theVolume II chaptersare summarizedin PartII of Volume I. This makes
VolumeI a stand-alonedocumentcontainingthe mostrelevantinformationneededto implementthe
RecoveryPlanand understandthereasonsbehindthe management recommendationscontained
therein.

Citationsof materialcontainedin this volumeshouldreadas follows:

[Author(s)1 1995. Pages[-] in USD1 FishandWildlife Service. MexicanSpottedOwl Recovery
Plan, VolumeII.

CONTENTS

Chapter 1: Distribution and Abundance
JamesP Ward,Jr., Alan B. Franklin, SarahE Rinkevich,andFernando Clemente 14 pages

Chapter 2: Population Biology
Gary C. White,Alan B. Franklin, andJamesP Ward,Jr 25 pages

Chapter 3: LandscapeAnalysisand Metapopulation Structure
Tim Keitt, Alan B. Franklin, andDean Urban 16 pages

Chapter 4: Habitat Relationships
JosephL. GaneyandJamesL. Dick,Jr 42 pages

Chapter 5: Prey Ecology
JamesP Ward,Jr. andWilliamM Block 48 pages
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Chapter 1

Table 1.1. Historical recordsandminimumnumbersof Mexicanspotted

owlsfound duringplannedsurveys 2-3

Chapter 2

Table2.1. Time periodsand numberof capturehistoriesfrom three
studyareasused inestimatingMexicanspottedowl survival 5

Table2.2. Apparentsurvival andrecaptureprobability from three
studyareasused inestimatingMexicanspottedowl survival 6

Table2.3. Descriptionof radio-telemetrystudiesconductedon adult
andsubadultMexicanspottedowls 8

Table2.4. Estimatesof true survival for Mexicanspottedowls

basedon radio-telemetrydata 9

Table2.5. Numberof management territoriescheckedoneor more
timesduringthe Mexicanspottedowl monitoringprogramof FS Region3 10

Table2.6. Persistenceof a Mexicanspottedowl pair on arerritoty
for formal andinformal monitoringdata 10

Table2.7. Persistenceof a pairof Mexicanspottedowls on aterritory
for the five recoveryunits containedin the FS Region3 monitoringdatabase 11

Table 2.8. Estimatesof numberof youngfledged/pairand fecundity
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based onFS monitoringdata 14
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Volume lI/List of Tables ii



Mexican SpottedOwl RecoveryPlan

Table2.14. Estimatesof populationparametersfor Mexican
spottedowls on the GSAandCSAstudyareas 21

Table2.15. Numberof Mexicanspottedowl territorieschecked
andthe percentof themoccupiedby a pairof owlsfor 1989-1993 22

Chapter 4

Table4.1. Percentof nest androost sitesin variousvegetation
types in differentRecoveryUnits 4

Table4.2. Home-rangesizesof radio-markedMexicanspottedowls 6-7

Table4.3. Sizeof nocturnalactivity centersof radio-taggedpairsof
Mexican spottedowls in the UpperGila MountainsandBasin and
Range-EastRecoveryUnits 8

Table4.4. Use of forest typesfor foragingby radio-taggedMexicanspotted
owls on threestudyareasin northernArizona 10

Table4.5. Selectedcharacteristicsof neststandsof Mexicanspottedowls in
the UpperGila Mountains andBasin andRange-EastRecoveryUnits 12

Table4.6. Habitatcharacteristicssampledat Mexicanspottedowl nestsites
on threeRanger districts,Apache-SirgreavesNationalForest,UpperGila
MountainsRecoveryUnit 14

Table4.7. HabitatcharacteristicsatMexicanspottedowl nest and
randomlylocatedsitesin the TularosaMountains,NewMexico; Upper
Gila MountainsRU 15

Table4.8a. Habitatcharacteristicsof Mexicanspottedowl nestsites
in the UpperGila MountainsRecoveryUnit 20

Table4.8b. Habitatcharacteristicsof Mexicanspottedowl nestsites
in theBasin andRange-EastRecovetyUnit 21

Table4.9. Habitatcharacteristicson circularplots within homeranges
of radio-taggedMexicanspottedowls 23

Table4.10. HabitatcharacteristicsatMexicanspottedowl roostand
randomsitesin theTularosaMountains,New Mexico; UpperGila
MountainsRU 24

Table4.1la. Selectedcharacteristicsof roost sitesusedby radio-tagged
Mexicanspottedowls in the ColoradoPlateauRecoveryUnit 27

Table 4.1lb. Selectedcharacteristicsof roost sitesusedby radio-tagged
Mexicanspottedowls in the UpperGila MountainsRecoveryUnit 28

Volume Il/List oFTables iii



MexicanSpottedOwl RecoveryPlan

Table4.1ic. Selectedcharacteristicsof roost sitesusedby radio-tagged
Mexicanspottedowls in the Basin andEast-RangeRecoveryUnit 29

Table4.12. Seasonalroost site characteristicsof radio-taggedMexican
spottedowls in ponderosapine-Gambeloakforest,Arizona (Upper
GilaMountainsRecoveryUnit) 31

Table4.13. Characteristicsof roost sitesused by twomigrantMexican
spottedowls on their winter range 32

Chapter 5

Table 5.1. Relativefrequencyof prey itemsfound in the diet of Mexican
sportedowls occurringin the northernportionof thesubspecies’range 3

Table5.2. Relativefrequencyof preyitemsfound in the diet of Mexican
spottedowls occurringin thecentralportionof thesubspecies’range 4

Table 5.3. Relativefrequencyof preyitemsfound in the diet of Mexican
spottedowls occurringin the southernportionof the subspecies’range 5

Table5.4. Percentof preybiomassin the diet of Mexicanspottedowls
occurringin the northernportionof the subspecies’range 6

Table5.5. Percentof preybiomassin the diet of Mexicanspottedowls
occurringin the centralportionof thesubspecies’range 7

Table5.6. Percentof prey biomass in thediet of Mexicanspottedowls
occurring in the southernportionof the subspecies’range 8

Table5.7. Animal speciesconsumedby Mexicanspottedowls in
18 geographicareas 10

Table5.8. Factorsinfluencing trendsobservedin Mexicanspotted
owl diets 14-15

Table 5.9. Factorsinfluencingproductionof Mexicanspottedowls
in northernArizona, the SacramentoMountains,NewMexico, and the
TularosaMountains,New Mexico, during 1991,1992,and 1993 17-18

Table5.10. Preycomprising=10%of relativefrequencyor biomass
in the diet of Mexicanspottedowls 21

Table 5.11. Descriptivestatisticsof selectedhabitatvariables
characterizinghabitatsof commonmammalianpreyof Mexicanspottedowls 32-33

Table5.12. Habitatcharacteristicsusedby deermice in three
vegetationcommunitiesof the SacramentoMountains,New Mexico 34

Volume Il/List ofTables iv



MexicanSpottedOwl RecoveryPlan

Table 5.13. Habitatcharacteristicsused byMexicanwoodratsin two
vegetationcommunitiesof the SacramentoMountains,New Mexico 35

Table 5.14. Habitatcharacteristicsused bylong-tailedvolesin two
vegetationcommunitiesof the SacramentoMountains,New Mexico 36

Table 5.15. Habitatcharacteristicsused byMexicanvoles in three
vegetationcommunitiesof the SacramentoMountains,New Mexico 37

Table 5.16. Habitatcharacteristicsused bybrushmice in xericforests
of the SacramentoMountains,New Mexico 39

\‘olt,me Il/List ofTables v



Mexican SpottedOwl RecoveryPlan

List of Figures

Chapter 1

Figure 1.1. Recoveryunit boundariesand currentdistributionof Mexican
spottedowls in the UnitedStates 8

Figure 1.2. Currentdistributionof Mexicanspottedowls in Mexico 9

Figure 1.3. Densityof (a) all threesubspeciescomparedamongregions
and(b) Mexicanspottedowls amongthreeforest types inthe Sacramento
Mountains,New Mexico 11

Chapter 2

Figure 2.1. Locationof Coconino,Gila, andSky IslandsMexicanspotted
owl populationstudyareasin ArizonaandNew Mexico S

Figure2.2. Changesin occupancyof formal and informal monitoringterritories
in the FS Region3 monitoringdatabase 23

Chapter 3

Figure 3.1. Dispersal-distancerelationshipfor radio-markedjuvenile spottedowls 4

Figure3.2. Therelationshipbetweencorrelation lengthandminimum
joining distance 8

Figure3.3. Landscape mosaicsof discrete clustersof Douglas-fir andponderosa
pinehabitattypes 9

Figure3.4. Changein correlation lengthdueto clusterremovalas a function
of distance 10

Figure3.5. Mapswith clusterscoloredto illustratetheir rankimportance,
weightedby (uncorrectedfor) patcharea 11

Figure3.6. Patchimportanceto overall connecredness,normalizedfor patcharea 12

Chapter 4

Figure 4.1. Diameter distributionsof live treessampledin neststands in
the UpperGila Mountains andBasinandRange- EastRecoveryUnits 11

Figure4.2a. Tree speciescompositionwithin nest-and random-stand
plots, UpperGila MountainsRecovetyUnit 17

Figure4.2b. Tree speciescompositionwithin nest-and random-stand
plots, BasinandRange-EastRecoveryUnit 18

Volume Il/List ofFigures vi



MexicanSpottedOwl RecoveryPlan

Figure4.3. Diameterdistributionsof live treessampledon nest,
neststand,and randomstandplots 19

Chapter 5

Figure5.1. Cumulative distributionsof preyin thediet of
Mexicanspottedowls 11

Figure5.2. Geographicvariability in the food habitsof
Mexicanspottedowls 12

Figure5.3. Reproductivesuccessof Mexicanspottedowls in the
SacramentoMountains,NewMexico, northernArizona, andTularosa
Mountains,New Mexico 19

Figure 5.4. Biomassof (a) commonpreyoccurringin
mixed-coniferforests,(b) frequenciesof peromyscidmice consumed
by Mexicanspottedowls, and(c) averagenumberof owl youngproduced 20

Figure 5.5. Averagebiomassof commonpreyof theMexicanspottedowl 26

Figure 5.6. Trendsin averagedensityofcommonprey
of theMexicanspottedowl 29

\~olumeil/List of Figures vii



MexicanSpotredOwl RecoveryPlan

CHAPTER 1: Distribution and Abundance
of Mexican SpottedOwls

JamesP. Ward,Jr., Alan B. Franklin, SarahF. Rinkevich,
and Fernando Clemente

Knowledgeof the distribution andabun-
danceof Mexicanspottedowls canprovide
insight intothesubspecies’geographiclimits and
habitatrequirements.For example,standardized
surveysfor northernspottedowls amongdiffer-
ent habitatshaveprovidedevidenceof the owl’s
affinity for older, denselylayered forests
(Forsmanet al. 1977; 1987,Thomaset al. 1990,
Blakesleyet al. 1992). Inaddition, distribution
andabundancepatternsoftenprovideafounda-
tion for moreintensivenaturalandlife history
studies.

For this recoveryplan,we gatheredand
examinedinformationon the distributionand
abundanceof Mexicanspottedowls accumulated
through 1993. We usedthisinformationto (1)
documenthistoricaland currentextentof this
subspecies,(2) help formulaterecoveryunit
boundaries,and (3) provide atemplatefor
landscape-scaleanalyses.

SOURCES OF INFORMATION

The quality andquantityof information
regardingthe distributionandabundance
Mexicanspottedowls variesby source.Histori-
cal accountsexist from museumcollectionsand
anecdotal observationsby earlynaturalhistorians
from throughouttheowl’s range (reviewed in
McDonalderal. 1991). These earlyobservations
areuseful fordocumentingthe owl’s known
historicalrange.However,haphazardandfre-
quently unknownmethodsby which thehistori-
cal informationwas obtained confoundany
attemptto infer change inthe owl’s abundance
from historical to presenttime. Modernac-
countsexist from incidentalobservationspro-
videdby amateurandprofessionalbiologistsand
from organizedsurveysconductedby natural
resourcemanagementor researchpersonnel.
Incidentalobservationsaresimilar in quality to
historical accounts, frequentlylacking sufficient
informationfor estimatingpopulationparam-
eters ortestingempirical hypotheses.However,

when combinedwith resultsof plannedsurveys
incidental observationscan be used todocument
the currentextentof the subspecies’ range.
Resultsfrom plannedsurveysanddemographic
studies haveprovidedthe bestavailabledataon
the owl’s abundance.

Plannedsurveysfor Mexicanspottedowls in
the UnitedStateshavebeenconductedby land-
managementagencies since 1989andby re-
searchers in Mexico since 1992. Surveyprotocols
were reviewedin 1990anda moreformal
programwas subsequentlydevelopedto locate
Mexicanspottedowls (USDA ForestService
1990).Owl demographicstudies began in the
Sky IslandMountainsofArizona in 1990
(Duncanetal. 1993), andin northernArizona
(Olsonetal. 1993) andin theTularosaMoun-
tains of west-centralNewMexico in 1991
(Seamansetal. 1993).

To document thecurrent(1990-1993)
distributionof the Mexicanspottedowl, we
definedan owl siteas a visual sightingof at least
oneadult spottedowl or as a minimumof two
auditorydetectionsin the samevicinity in the
sameyear.Observationsprior to 1990are
considered historicalrecordsfor the purposesof
this report.The methodsand limitationsof these
dataarediscussedfurther in theWhite et al.
1995.

HISTORICAL DISTRIBUTION

We compiled600 and35 historicalrecords
of Mexicanspottedowls in theUnitedStates
andMexico, respectively(Table 1.1). We refer to
theseas recordsandnot as independentsites
becauseseveralobservationsmayhavebeen
tallied for the samesite. Incomplete information
of theowls’ locations preventedus from assign-
ing each record to anindividual site. Thus,these
recordscannotbe used toestimatehistorical
abundanceandarepresentedonly to show the
approximate extentof the owl’s distribution
before 1990.
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Table 1.1. Historical recordsandminimumnumbersof Mexicanspottedowls foundduringplanned
surveys,andincidentalobservationsby RecovetyUnit andlandownership.

RecoveryUnit Number of owl records Number of owl sites —~

before 1990a 1990 - 1993

UNITED STATES

Colorado Plateau
FS 21 16
BLM 6 10
NPS 34 23
Tribal 20
New Mexico State 1 0
Unknownc 5 0

Subtotal 87 62

SouthernRockyMountains- Colorado
FS 2 8
BLM 0 6
NPS 0 0
Tribal 1 b

Unknownc 17 0

Subtotal 20 14

SouthernRockyMountains- NewMexico
FS 25 34
NPS 3 0
NewMexico State 1 0
Private 4 0
Unknownc 8 0

Subtotal 41

Upper Gila Mountains
FS 138 424
BLM 5 0
NPS 5 0
Tribal 20 b

Private 1 0
Unknownc 104 0

Subtotal 253 424

Basin andRange- West
FS 82 97
NPS 13 0
Tribal 0 b

DOD 9 6
Private 8 0

Unknownc 57 0

Subtotal 169 103
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Table 1.1. (continued)

RecoveryUnit Number of owl records
before 1990a

Number ofowl sites
1990- 1993

UNITED STATES, continued
Basin andRange- Fast

FS 18 111
BLM 1 0
NPS 6 10
Tribal 2 b

FWS 1 0
Private 2 0

Subtotal 30 121

UnitedStatesTotal 600 758

MEXICO

SierraMadre Occidental- Norte
Sonora 8 9
Chihuahua 10
Sinaloa 1 0

Subtotal 19 17

Sierra Madre Oriental - Norte
Coahuila 2 0

SierraMadre Occidental- Sur
Durango 2 0
Aguascalientes 0
Zacatecas 0
SanLuis Potosi 1 0
Guanajuato 1 0

Subtotal 4 1

Sierra Madre Oriental - Sur
Coahuila 4 0
Nuevo Leon 4 1
Tamaulipas 0 ____

Subtotal 8 1
Eje Neovolcanico

Jalisco 1 0
Colima V 0
Michoacan 1 0
Puebla 1’~ 0

Subtotal 2 0

Mexico Total 35 19

~Va1uesdonot connotenumbersof owls norowl sites becausemultiple recordsmayexist from thesame sitethroughtime.
‘Additional owls areknown to exist on manyTribal landsbut theexactnumberis unavailable.
locationsof these records wereinsufficienr’for assigningaland ownership.
~‘Additionalsightingshavebeen reported from1994 surveys.
~Unverif1edrecordnot includedin totals (seetext).
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The generalvicinity of all historicalrecords
is presentedin the following sectionaccordingto
RU andlandownership.This information
shouldhelp landmanagers toidentifly areasthat
maybeoccupiedby Mexicanspottedowls.
Historical recordsfor owls in the UnitedStates
werecompiled fromseveralsourceswhich are
citedbelow. In contrast,muchof the historical
informationfor Mexico was takenfrom acom-
prehensivesummaryby Williams andSkaggs
(1993).

Colorado Plateau RecoveryUnit

Prior to 1990,Mexicanspottedowls were
recordedfrom Zion (Kertell 1977, Rinkevich
1991), Canyonlands,CapitolReef(SueLinner,
FWS, Salt LakeCity Utah,pers. comm.),Mesa
Verde (ReynoldsandJohnson1994), andGrand
CanyonNationalParks(McDonaldet al. 1991),
Glen CanyonNationalRecreationArea (Behle
1960),andthe CedarCity, Richfield, andVernal
Districts of the BLM (Behle 1981;SueLinner,
FWS, Salt Lake City,Utah, pers. comm.).Table
1.1 presentsmore detailregardingtheserecords.
The physicalattributesof thesehistoricalowl
sitesincludesteep-sided,narrow-walled,or
hangingcanyons.The biotic attributesinclude
coniferous overstoryin canyonbottoms withan
understory comprisedby Gambeloak, bigtooth
maple, boxelder,andscattered aspengrovesnear
water (McDonaldetal. 1991).

Historical accountsalsoplace theMexican
spottedowl on theKaibab Plateauin Arizona
(GaneyandBalda 1989,North Kaibab Ranger
District, unpublisheddata),plus manysitesin
New Mexico. Thesesites includeFenceLake
(State), FrancesCanyon(BLM), the Zuni
Mountains andMountTaylor (Cibola NF), and
within the Zuni andNavajo Nations(McDonald
et al. 1991,New Mexico NaturalHeritageData
Base,NatureConservancyAlbuquerque,NM).
Generally vegetationtypes reportedfor these
areasincludemontaneconiferousforestswithin
canyonsettings.The owl hasbeenobservedin
steep-walledcanyonswith minimal vegetationas
well as in forested,steep-slopedcanyons on
Black Mesaand in the ChuskaMountains.

Southern Rocky Mountains -

Colorado RecoveryUnit

Eighteen historicalrecordsof spottedowls
existwithin this unit (Webb 1983,Reynolds
1989). Most of theseowls werefoundalongthe
ColoradoFrontRangeextendingnorthwardto
Fort Collins. Two additionalobservations,one
eachfrom Rio GrandeandSanJuanNational
Forests,plus onefrom the SouthernUte Reser-
vationwere recordedduring 1989 surveys
(ReynoldsandJohnson1994; Table1.1).

Historical owl locationsin this recoveryunit
occurredin steep-sidedcanyons.Thesecanyons
are typically broaderwith walls that arenot as
verticalas sitesoccupiedby owls in southern
Utah (ColoradoPlateauRU). Northernaspects
of these canyonscontainmixed-coniferforest,
while southernaspectscontainponderosapine
andpinyon-juniper.Canyonbottomscontain
Gambel oak andboxelder.Owl sightingsin
southwesternColoradoweregenerallyin can-
yonsthat cut into mesas coveredwith pinyon
andjuniper.Thesecanyonbottoms contained
mixed-coniferor ponderosapine-Gambeloak
forests(McDonaldetal. 1991).

Southern RockyMountains -

New Mexico RecoveryUnit

Mexicanspottedowls areknownhistorically
(Table 1.1) from privateandNational Forest
landsin the SanJuan,Sangre deCristo, and
JemezMountains, andnearTaosandSanteFe,
NewMexico (JohnsonandJohnson1985,
McDonaldet al. 1991). Incidentalobservations
between1979 and1984establishedthe presence
of the owl at nineadditionalsitesin theJemez
Mountains,SanteFe NationalForest(Johnson
andJohnson1985).The owl hasalsobeen
observedin BandelierNationalMonumentand
nearMorhy Lake on State lands(Johnsonand
Johnson1985). Historical spottedowl locations
throughoutall of NewMexico (including the
Basin andRange- EastRU) havebeendescribed
as “deep,narrow, timberedcanyonswith cool
shadyplaces,at elevationsrangingfrom 6,500
[1,982 sicj to 9,000ft [2,744 in],” (McDonald
etal. 1991, after Ligon 1926).
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Upper Gila Mountains RecoveryUnit

Prior to astatewidesurveyconductedfrom
1984 through 1988,only oneMexicanspotted
owl was recordedfrom the northernArizona
(SanFranciscoPeaks)portionof this RU (Huey
1930). Incontrast,severalowlswere reportedfor
the NationalForest lands inthe Mogollon
Highlandsof east-centralArizona andwest-
centralNew Mexico (Ligon 1926,Skaggs1988).
Forests inthosereports includetheApache-
Sitgreaves,Gila, andCibola NationalForests
(Table 1.1).A few observationswerealsore-
cordedon BLM land nearBitter Creek,Grant
Countyandat the GilaCliff Dwellings National
Monument(NPS),both in NewMexico. Fol-
lowing their surveyofArizona, GaneyandBalda
(1989) reported69 sites in theArizonaportion
of the Mogollon Rim andin northernArizona,
including the Coconino,Kaibab, Tonto,and
Apache-SitgreavesNational Forests.Another44
records exist inthe ArizonaHeritageDataBase
(ArizonaGameandFishDepartment,Phoenix,
AZ). However,the latter records aredistributed
amonghabitats similarto thosereportedby
GaneyandBalda(1989) andincludeseveralof
thesamesites.

Site characteristicsfor the historicalArizona
locations(GaneyandBalda 1989)reflect the
features described forotherRU’s: mountain
slopeswith mixed-coniferousforest, steep-walled
canyons,or ponderosapine-Gambeloakforest at
elevationsrangingfrom 1,525 to2,925m
(5,000 to 9,590 ft). In southern NewMexico,
Skaggs(1988) foundcliffs presentat 15 of the
18 historicalsiteswhich he examined.However,
it is unclearhow manyof thesesites werelocated
in the UpperGila MountainsRU. Skaggs(1988)
alsonoteda welldevelopedunderstoryof
bigtoothmapleand Gambel oak dominatedby
mixed-conifer.

Basin and Range - West RecoveryUnit

Historical recordsfor Mexican spottedowls
in this RU includeobservationsin the Huachuca
and ChiricahuaMountainsduring the1 890s
(reviewedin McDonaldet al. 1991).Thesebirds
were observedin afoothills-oakwoodlandand
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in a fir treein Pinery Canyon,respectivelyTwo
othersightingswere recordedin lowland riparian
communities includingan owl nestingin cotton-
woodsnorthwestofTucsonin 1872 andnearthe
Salt River in 1910(Bendire1892,Phillipset al.
1964,McDonaldet al. 1991).

More recentsurveysfound theowl occurring
at 84 sitesthroughoutsouthernArizona (Ganey
andBalda 1989). Owlswere locatedin rocky
canyons or inseveralforest typesat elevations
rangingfrom 1,125to 2,930m (3,690to 9,610
ft) in theArascosa-Pajariro,SantaRita, Santa
Catalina,Patagonia,Whetstone,Galiuro,
Huachuca, Chiricahua,Pinaleno,Superstition,
SierraAncha,Mazatzal,andBradshawMoun-
tains, Arizona.Below 1,300m (4,264ft), spot-
tedowls werefound in steep canyonscontaining
cliffs andstandsof live oak, Mexicanpineand
broad-leavedriparianvegetation(Ganeyand
Balda 1989). Above1,800m (5,904ft) owls
werefound in mixed-coniferandpine-oak
forests.Mid-elevationobservationsincludedsites
with Arizona cypressandtheotherforest types
previouslymentioned.The Arizona Heritage
DataBasereports78 additionalrecords inmany
of the samemountainrangesfrom 1974 to
1989.Historical records onprivatelandinclude
observationsnearAnimasPeak,Black Bill
Spring, and attheGrayRanch,in New Mexico
(Skaggs1988).

Basin and Range - East RecoveryUnit

Historical locationsof Mexicanspottedowls
occuron landsof severaljurisdictionsin New
Mexico: theOrganMountainsand nearBitter
Creek(BLM); the Sandia,Manzano,Sacra-
mento,andGuadalupeMountainsin the Cibola
andLincoln NationalForests;andCarlsbad
NationalPark (Skaggs1988).The owl hasalso
beenfound in GuadalupeNationalParkandon
privatelandin the DavisMountainsof Texas
(McDonaldet al. 1991,SteveRunnels,The
HeardNaturalScienceMuseumandWildlife
SanctuaryMcKinney TX, pets.comm.). One
observationeachwas alsoreportedon the lands
of the Mescalero Apacheandat theSanto
DomingoPueblo(NewMexico NaturalHeritage
DataBase,NatureConservancyAlbuquerque,
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NM). Physicalandbiotic characteristicswere
not documentedfor these varioussites. However,
minimal notationsdescribemixed-coniferforests
on easternslopesof the SacramentoMountains
(Skaggs1988). Canyonswerementionedfor
siresneartheNew Mexico-Texasborderof the
GuadalupeMountains (McDonaldetal. 1991).

Sierra Madre Occidental -

None RecoveryUnit

More thanhalf of all historicalrecordsof
Mexicanspottedowls occurringin Mexico have
been reportedin thisRecoveryUnit (Table 1.1).
Owls havebeenrecordedfrom eight locationsin
the Stateof Sonoraprior to 1990. These birds
occurredin the SierrasPinitos,Azul, de losAjos,
San Luis, Aconchi,Oposura,andHuachinera
(Williams andSkaggs1993).The eighth record
was reported froma ridgenorth of La Mesa,
Mexico. All of theseareasarephysiographically
andbiotically similar to the Sky IslandMoun-
tainsof southeasternArizona (CirettandDiaz
1993). Generalelevationsat or nearthese
sightingsrangefrom 1,950-2,340m (6,500to
7,800ft). Descriptionsof sitesat or nearthe
recordedowls vary Somedescriptionsinclude
dense oaks,pine forest,pine-oakwoodland,
cliffs, anda springwith aldersandsycamores
(Williams andSkaggs1993).

Ten historicalrecords havebeen reported
from the Stateof Chihuahua(Table 1.1). Owls
havebeencollected, observed, orheardnear
Sierra CarcayArroyo Tinaja, Pacheco,Sierra
Azul, ColoniaGarcia, Sierradel Nido, Rancho
La Estancia,Yaguirachic,Pinos Altos,and
Vosagota (WilliamsandSkaggs1993). Eleva-
tionsat or nearthese sightings rangefrom
1,710-2,700m (5,700 to 9,000ft). Most of
theseobservationsweremadein or near pine-
oakwoodlands(Williams andSkaggs1993).
Owls havealso been reportedin canyonswith
oaksandmadrone,andin subalpineforest
comprisedof Douglas-fir,true firs, oak, alder,
pines,andchokecherry

In Sinaloa,one spottedowl was observed
nearRanchoLiebreBarranca(Williams and
Skaggs1993).This area consistsof deeply
dissected barrancaswith pine andoakforest at

higher altitudesandamixture of temperateand
tropical forest incanyonbottoms.

Sierra Madre Oriental -

Norte RecoveryUnit

Sportedowls haveonly beenreportedfrom
two sites within this RecoveryUnit. Both
recordsare from theSierra laMaderaof central
Coahuila(Table 1.1). Oneowl was observed
roostingin a “cliff-lined canyonbottomunder a
densecanopyof maplesand oaks” in Canadael
Agua(Williams andSkaggs1993).Anotherowl
was observedandheardin a “garden-like” arroyo
containingpines,oaks,andmadrones(Williams
andSkaggs1993). Elevationsof theseobserva-
tions wereapproximately1,900and2,100m
(6,200and7,000ft), respectively

Sierra Madre Occidental -

Sur RecoveryUnit

Fourhistorical records existfrom the States
of Durango,San Luis Potosi,and Guanajuato
(Table 1.1). In Durango,spottedowls havebeen
observednearEspinazo delDiablo in mixed-
conifer forestandon two occasions inthe
Michilia BiosphereReserve.One oftheowls
foundin thereservewasobservedroosting in a
largeoak thatwas inacool, wet ravine.The
secondowl was found in apine-oakforest.
Remainingrecords areof two spottedowls
collectedat approximately2,400m (8,000ft)
nearCerro Campanario,SanLuis Potosi,and
anotherthat was collectedin the Stateof
Guanajuato(Williams andSkaggs1993).

Sierra Madre Oriental -

Sur RecoveryUnit

In this RecoveryUnit, eight recordsof
spottedowls havebeenreportedfrom two States,
CoahuilaandNuevoLeon (Table 1.1). Owls
havebeenheardandobservedon severalocca-
sionseastof Saltillo, Coahuila.Elevationsof
these recordsaregenerallyhigher thanother
historical sightingsand rangefrom 2,700-3,060
m (9,000 to 10,200ft). The vegetationat these
siteshasbeendescribedasoak-pine-conifer
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woodlandor as oak-pinewoodland.Cliffs are
presentat all sitesandchaparralor desertscrub
vegetationcanalso be seenattwo of thesesites
(Williams andSkaggs1993). Inaddition,two of
the four historical records from Nuevo Leon are
from the mountains east of Saltillo and south of
Monrerrey At oneof thesesitesa spottedowl
was heardcalling from an oak-pine-conifer
forest,approximately2,550m (8,500fr) in
elevation.The secondwas heardcalling from an
“oak-pinewoodland mixedwith Tamaulipan
thorn woodlandandscrubandpalms onthe
canyoncliffs” (Williams andSkaggs1993). The
elevationatthis sitewas 1,350m (4,500fr), the
lowest to berecordedfor spottedowls in
Mexico. The remainingtwo Nuevo Leon records
are from the slopesof CerroPotosi (Williams
andSkaggs1993). Onefemalespottedowl was
collectedat 2,250m (7,500ft) in 1946.Another
owl washeardin 1978 from a pinewoodland
nearthe summitat 3,630m (12,100fr), the
highestelevationrecordedfor a Mexicanspotted
owl.

Eje NeovolcanicoRecoveryUnit

Only two confirmedrecordsof Mexican
spottedowls existfor the southernmostRecovery
Unit (Table 1.1). Specimensof spottedowls have
beencollectedfrom theStatesof Jaliscoand
Michoacan.Two otherrecordsfrom the Statesof
Colima andPueblahavebeen published
(Enriquez-Rochaetal. 1993) but havenot been
verified (Williams andSkaggs1993).

In Jalisco,the owls werefoundon thenorth
slopeof Cerro Nevadode Colima in a park-like
pineforestwith broad-leavedoaks,andmesic
groundflora near2,400m (8,000 ft) elevation
(Williams andSkaggs1993). InMichoacan,the
holotypeof the subspeciesandonly existing
State recordwas collectedin 1903 from Cerro
Tancitaroabove 1,950m (6,500fr). Details
regardingthe spottedowls allegedlycollectedin
Colima andPueblahavenot been reported
(Enriquez-Rochaer al. 1993). Wementionthese
latter records becausetheysuggest possible
extensionsof the owl’s range.However,we have
nor includedthem in the totalspresentedin
Table 1.1.

CURRENT DISTRIBUTION
AND ABUNDANCE

Number of Sites

Surveysfor Mexicanspottedowls conducted
from 1990through1993 indicate thatthe
species persistsin mostlocationsreported prior
to 1989.Notableexceptionsinclude riparian
habitatsin the lowlandsof ArizonaandNew
Mexico, andall previouslyoccupiedareasin the
southernStatesof Mexico. As a resultofplanned
surveys,additionalsightingshavebeenreported
for all recoveryunits. New locationswill un-
doubtedlybe reportedfollowing futuresurveys.

The currentknownrangeoftheMexican
spottedowl extendsnorth from Aguascalienres,
Mexico, throughthe mountainsof Arizona, New
Mexico, andwesternTexasto the canyonsof
southernUtah, southwesternColorado,andthe
FrontRangeof centralColorado(Figures 1.1
and 1.2). Resultsfrom plannedsurveysand
incidental observationsconductedduring 1990
through 1993 indicate one or more owls have
beenobservedat a minimumof 758sites in the
UnitedStatesand19 sires in Mexico (Table1. 1).

The greatestconcentrationof theknown
sires in the UnitedStatesoccursin the Upper
Gila MountainsRecoveryUnit (55.9%) fol-
lowedby the Basin andRange-East(16.0%),
andBasinandRange-West(13.6%), Colorado
Plateau(8.2%),SouthernRockyMountains-

NewMexico (4.5%), andSouthernRocky
Mountains- Colorado (1.8%) Recovery Units.

Thus, fewer owl sitesare currentlyknownto
occurnorth of theUpper GilaMountains
RecoveryUnit (12.7%) thanto thesouthof this
recoveryunit (29.6%). In Mexico, the majority
of spotted owls have been documented in the

Sierra Madre Occidental - NorreRU (89.5%).
However,the numberof identified siteswithin a
given RU dependson surveyintensityfor which
we have little reliable data.Therefore,theper-
cenragesof siteswithin a given RU maynot
reflect the true relativeabundanceof Mexican
spottedowls.
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Figure 1.1. Recovetyunit boundariesand current distributionof Mexicanspottedowls in the
UnitedStatesbased onplannedsurveysandincidentalobservationsrecordedfrom 1990 through 1993.
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Figure 1.2. Currentdistributionof Mexicanspottedowls in Mexico based onplannedsurveysand
incidentalobservationsrecordedfrom 1990through 1993.
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Number of Owls

A reliableestimateof thenumberofMexican
sportedowls throughoutirs entire rangeis not
available.Fletcher(1990) calculatedthat2,074
owls existed in ArizonaandNew Mexico in
1990usinginformationgatheredby the FS,
Southwestern Region.McDonaldet al. (1991)
modifiedFletcher’s(1990) calculationsreporting
a total of 2,160owls in theUnitedStares.If one
assumesthat all 758 sires includedin this recov-
ery planwereoccupiedby owl pairs, thenatleast
1,516 adultor subadultowls wereknownto
exist in theUnited Statesand38 adult or sub-
adult owls in Mexico from 1990 through1993.
Thesenumbersare not reliableestimatesof
currentpopulationsize because no measuresof
bias or precision can beproduced.Further, the
amountof survey effortdevotedto deriving
thesenumberscannotbe reliably calculated,nor
is an accurate measureavailablefor areasor
habitatssurveyed.Thus,we did nor believe it

would be useful toestimatethesize of the
Mexicanspottedowl populationgiven the
limited qualityof data currentlyavailable.At
best,our total numbers reportedin Table 1.1
representa rangefor the minimumnumberof
owls known to existduringsomeportionof a
four yearperiod in theUnitedStatesandMexico
(777 individualsif eachsite was occupiedby a
singleowl to 1,554individualsif eachsite was
occupiedby a pair).

Density

The abundanceof anyterrestrialorganismis
more appropriatelypresentedas density, the
numberof individualsper unit of area(Caughley
1977), hereafterreferredto as “crude density”
(Franklinetal. 1990). Becausethe Mexican
spottedowl occupies a varietyof habitats
throughoutits range,ecologicaldensity, the
numberof individualsper areaof usablehabitat,
(Tanner1978) wouldbe amore meaningful
measureof abundance.At this time, rangewide
estimatesof either crudeor ecologicaldensityof
Mexicanspottedowls cannotbe providedfor the
same reasonsthat populationnumberscannotbe
estimatedreliably

MexicanSpottedOwl RecoveryPlan

Two estimatesof crudedensity(D) exist
from studiesconductedateither endof the
UpperGilaMountainsRecoveryUnit. These
estimateswerereportedfor the CoconinoStudy
Area(CSA) in northernArizonaandfor the Gila
StudyArea(GSA) in west-centralNew Mexico
by Guri~rrezer al. (1994).Densityof adult and
subadultowls in bothstudieswas estimated
usinga count of individualsdivided bythe size
of thestudy area(CSA: 484 km2 [187 mi2];
GSA: 323 km2 [125 mi2]). Identity of owls was
establishedby capturingandmarkingor by
direct observationat daytimeroostswhen
markingwas not possible.Methodsweresimilar
to thosereportedfor northernspottedowls by
Franklin et al. (1990) andWard eral. (1991) and
resultedonly in densityof territorial individuals.
Only the 1993estimatesof density&) are
presentedherebecausethe boundariesof the
CSA studyareawereshiftedbetween1991 and
1992.

A
D of Mexicanspottedowls in 1993was

0.120owls/km2 (0.310 owls/mi2) in the CSA
and0.180owls/km2(0.464 owls/mi2) in the
GSA. The CSA hasmore ponderosapine-
Gambel oak forest (72.6%) and less mixed-
conifer forest (14.4%) thanthe GSA (22.3%
and 28.5%,respectively;Guri&rez eral. 1994).
The largerproportionof mixed-conifermay
partially explainhigherowl densityin the GSA.
For comparison(Figure 1.3a), 1993densityof
California spottedowls in the SanBernardino
Mountains,California (LaHayeandGuri&rez
1994) was 0.118owls/km2(0.305 owls/mi2) and
densityof northernspottedowls in northwestern
California (Franklin, unpublished data)was
0.272±0.004 (SE) owls/km2(0.703± 0.009
owls/mi2).Surveymethodsused in these later
two studies were identical to those used in the

CSA andGSA. Naivedensityestimates,the
numberof owls counteddivided by studyarea
size,were used inthiscomparison (Figure 1 .3a)
except forthe northernspottedowl population.
In the latter case,aJolly-Sebermodelwas used
to estimatenumbersof owls andan associated
samplingvariance.The two densityestimators
are similar for spottedowls (Ward eral. 1991).

Combiningthe CSAand GSA densitydata
andweighting by area provides anaverage
estimateof 0.144owls/km2 (0.372owls/mi2)
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within the Upper Gila Maintains RU. However,

this estimate should not be extrapolated to a
larger area because (1)the CSA andGSA were
norrandomlyselectedand(2) studieswere not
sufficiently replicated.Both of theseproblems
could severely bias extrapolated estimates be-
causethe areas studied are not necessarilyrepre-
sentative samplesof theentire recoveryunit or
subspecies’range.

In anotherstudy SkaggsandRairt (1988)
examinedthedensityof Mexicanspottedowls
amongthreeforest types inthe Sacramento
Mountains(Basin andRange- East RU).Eigh-
teen23.1-km2 (9-mi2) quadrats,six in each
forest type, were surveyed forspottedowls.
Quadrats were classified as pinyon-juniper
woodland, pine, or mixed-coniferforest accord-
ing to the mostcommontreespecieswithin the
quadrar. Owl density averaged across the three

forest types (~ 0.126 owls/km2 [0.325
owls/mi2]) was similar to the average estimate
from the two southwesterndemographicstudies.
Whenpartitionedby forest type,analysisof
these data by the Team showed significantly
higher densities (F= 16.93, df= 2, P= 0.0001)
in the mixed-conifer(~ = 0.275 owls/kin2,
SE = 0.046 [0.704 owls/mi2, SE = 0.117]) com-
pared to the pine-dominated (~ = 0.080
owls/kin2, SE 0.028 [0.204owls/mi2,
SE= 0.0731)and pinyon-juniperhabitats

= 0.022owls/kin2, SE = 0.036 [0.056 owls/
mi2, SE= 0.038]). Densitywas nor statistically
differentbetweenthe lattertwo forest types
(Figure 1.3b). Foresttypeexplained69.3%of
the variation in owl density using this ANOVA
model. Skaggs and Rairt (1988) showed similar
resultsusingdensityof sitesratherthanowl
density.

CONCLUSIONS

The Mexican spotted owl currently occupies

a broad geographic area, but it doesnor occur
uniformly throughoutits range.Instead,the owl
occurs indisjunctlocalitiesthat correspondto
isolated mountain systems and canyons. This
distribution mimics most historical locations,
with a few exceptions. The owl has not been
reported along major riparian corridors in

Arizona and NewMexico where it historically
occurred,nor in historically-documentedareas
of southernMexico. Riparian communitiesand
previouslyoccupiedlocalities inthesouthwest-
ernUnitedStatesandsouthernMexico have
undergone significant habitat alteration since the
historical sightings (USD1 1994). However, the

amount of effort devoted to surveying these areas
is poorly known and future surveys may docu-
inent spotted owls. Surveys conducted to relo-
cate spotted owls have been unsuccessful in
northern Colorado near Fort Collins and Boul-

der, where records exist from the early 1970s and
1 980s, and in the Book Cliffs of east-central
Utah where owls were recorded in 1958.

The majorityof Mexicanspottedowls
currently known to exist occur in the Upper Gila
Mountains Recovery Unit. This unit can be
considered a critical nucleus for the subspecies

becauseof its central locationwithin theowl’s
rangeandits seeminglyhigh densityof owls.
Other areas likely to be important include the
Sky-islands of southeastern Arizona and the

Sacramento Mountains, NewMexico (Basin and
Range RUs). Throughout its range, most (9 1%)
Mexican spotted owls occur on public land

administeredby the FS.
Densityestimatesof Mexicanspottedowls

contrastedamongforest typesin the Sacramento
Mountainsandbetweentwo areasin the Upper
Gila MountainsRU suggestthatmixed-conifer
supports more owls compared to pine-oak, pine,
and pinyon-juniper forest types. Mexican spot-

ted owl densities reported from three areas are
similar to those reported for California spotted
owls occurringin theSanBernardinoMoun-
rains, California and slightly less than the den-
sity of northernspottedowls occurringin
northwestern California.

Limited information inhibits reliable estima-

tion of the absolute number of Mexican spotted
owls. However, it is apparent from current

patterns in distribution and habitat use that the
subspecies is rare relative to other raprors and is
distributed discontinuouslythroughoutirs
range.Speciesexistingundersuchconditionsare
considered vulnerableto extirpation(see
Dawson eral. 1987 fordiscussionrelevant to
sportedowls). Althoughfuture efforts will

undoubtedlydiscoveradditionalowls, the extent
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and total number of this subspecies in the
United States will likely nor change in magni-

rude enough to alter this conclusion. The con-
traty is truefor Mexico whereplannedsurveys
havebegunonly recently

Consequently currentstrategiesdevel-
opedto conserveMexicanspottedowls will be
limited to basic knowledgeaboutthe owl’s
distribution. More specific recommendations
will requireadditionalinformation on the total
populationsize,populationstructure,or interac-
rions among subpopularions.
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CHAPTER 2: Population Biology
Gary C. White, Alan B. Franklin,

andJames P. Ward,Jr.

Thedevelopmentof recoveryguidelines
andcriteria for Mexicanspottedowl populations
requiresunderstandingthe lifehistory traits and
populationprocessesfor this species.We exam-
inedthe characteristicsandtrendsof Mexican
sportedowl populationsam threespatialscales:
range-wide, regional,andlocal. Range-wide
scalescorrespondto characteristicsandprocesses
occurringacrossthe U.S. geographicrangeof
the subspecies. Regionalscalescorrespondto
recoveryunits thatwere delineatedaccordingto
broadecologicalpatterns(seeRinkevichet al.
1995). Local scalesroughly correspondto
subpopulamionsthatoccurwithin each recovery
unit. Ideally, the samepopulationcharacteristics
andprocessesshouldbe examinedover different
temporalandspatialscales.However, temporal
comparisonswererestrictedbecausehistorical
informationon Mexicanspottedowl popula-
mionsdoesnor exist.Thus,we could nor compare
historicaland current populationsto assessthe
impactsof past and presentmanagementactivi-
ties.

In this section,we first reviewthe sources
of informationavailable formaking inferences
aboutMexicanspottedowl populations.We
thenquantitativelydescribethe life history
characteristicsof theowl usingage-andsex-
specific survivalprobabilitiesandfecundityrates.
Thesecharacteristicswereestimatedfrom data
collectedduringradio-telemetrystudies,banding
studies,anda regionalFS monitoringprogram.
We examinedpopulationtrendsfirst by estimat-
ing the finite rateof populationchange(X) on a
local scaleusingour estimatesof survival and
fecundity fromselected studiesandthenby
evaluatingtemporaltrendsin occupancyratesof
FS managementterritories(MTs) on a regional

scale.Finally, we attemptedto examinerelation-
shipsof vegetationtypeon reproductiveoutput

at a range-widescale.Throughthis srepwise

procedure,we evaluatedthe currentstateof
Mexicanspottedowl populations.

SOURCES OF INFORMATION

Since 1989,organizedsurveysfor Mexican
sportedowls havebeenconductedby personnel
of the FS, BLM,NPS,Tribes,Statewildlife
agencies,andby privateresearchers.Most
surveysfollowed theproceduresdescribed for the
FS Region3 (USDA Forest Service 1990).
Under theFS Region3 system,two typesof
surveys,inventoryand monitoring,werecon-
ducredfor differentpurposes. Inventorieswere
generalsurveysused todetectthe presenceof
sportedowls within a definedarea.Monitoring
specificallyassessedtemporalchanges insite
occupancyandreproductionby sportedowls in
managementterritories(MT). Both procedures
requiredadherenceto astandardsurvey proto-
col. In addition,two typesof monitoring,
“formal” and “informal,” wereutilized,with
formal monitoringfollowing guidelinesof
USDA ForestService(1990). MTs weremoni-
rored each yearfrom 1989 through 1993with
the formal proceduresif theyhad (1) no previ-
ousmanagementactivity, (2) activity
5-20 yearsprior to monitoring,or (3) recent
activity within 5 yearsof monitoring.Formal
monitoringresultedin moresurvey effort per
MT thanfor informal monitoring(although
someinformal monitoringsiteswere visited
more oftenthanrequiredby formal monitor-
ing). Informal monitoringcould be conductedat
anysite nor formallymonitoredin anyyear.The
greatestamountof effort for surveyswas devoted
to formal monitoring, followed by informal
monitoring, andtheninvenroty.

A limitationof the FS databasewas that the
MTs surveyedwerenor randomlysampledfrom
all possible MTs. MTswere addedto thedata-
baseas owls werefound.We donor expect
excessivebias in estimatedfecundityor persis-
mence(asdefinedin Life History Parameters
section)from this nonrandomsample because
theseparametersare probablynor directly linked
to the sample selectionprocedures.We doexpect
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significantbiasesin the estimatesof density,
abundance,andoccupancyrate becauseinclud-
ing an MT in the sampleis directly linked to
theseparameters.

In 1990, astudyof Mexicanspottedowl
populationdynamicswas initiated in the Sky

Islandsof southeasternArizona (Duncanem al.
1993).This studycomplementedinventoryand
monitoringefforts on the Coronado National
Forest.In 1991, twootherstudies onpopulation
dynamics wereinitiated: oneon the Coconino
NationalForest innorthernArizona (Gumi~rrez
eral. 1993,1994)andthe otheron theGila
National Forest inwest-centralNew Mexico
(Guridrrez eral. 1993,1994).Thesetwo studies
wereconducted independentlyfrom inventory
andmonitoringefforts,andthususedmethods
differentthan the formal monitoringprotocol.
In all threepopulationstudies, owlswere lo-
cated,captured,individually markedfor future
recognition,and thenumberof fledgedyoung
wererecorded.Thesepopulationstudiesoffer
the mostreliableinformationcurrentlyavailable
for estimatingabundance,ratesof reproduction
andsurvival, andfor derivingshort-termesti-
matesof populationchange.However, inferences
from thesestudiesaresomewhatlimited because
their studyareas werenor randomlyselected
from a definedsamplingframe. Evenwith this
limitation, estimatesfrom these studies are useful
in our preliminaryevaluationof Mexican spot-
ted owlpopulationbiology.

Most inventoryandmonitoringwork was
conductedby personnelof the FS Region3. By

direction(Forest ServiceManual2676.2),survey
datawererecordedon standardformsandmaps
following field observations.MTs wereassigned
usingthe surveyresults.Occupancy andrepro-
ductivestatusof Mexicanspottedowls were
summarizedby MT at the closeof eachfiscal
year (30September).Thesesummariesdid nor
includeall informationrecordedon field forms,
suchas thatused todetermineoccupancy
reproductive status,or spatialcoordinatesof owl
locations.Original datarecordedon field forms
were necessaryfor verifying occupancyand
reproductivestatus.Without this typeof verifi-
cation, reliability of previousassignmentscannot
be demonstrated.Further,spatialcoordinates
compatiblewith a GeographicInformation

System(GIS) wererequiredto documentowl
distributionandconducthabitatanalysesam
variousspatialscales.Unfortunatelythe original
dataandGIS-comparible coordinateswerenot
enteredinto a computerizeddatabase.Thus,the
Teamattemptedto compileandcreateirs own
database(referred toas theTeam database)from
original dataformsand plottedlocationsto
supplementsummaries providedby the FS
Region 3 Office (referred toasthe FS database).

Attemptsto create the Teamdatabasemet
with limited success.Enteringa portionof the
dataforms by aprofessionaldata-entryservice
failed becausestandardcodesandrecording
instructionswerenorfollowed by data collectors.
Further,variousderailswerenor recordedand
maps were missing. In asecondattempt,the
Teamformed and traineda setof crews to visit
FS Ranger StationsandSupervisorOffices to
enterdata from formsandmapsandto record
UniversalTransverseMercator(UTM) coordi-
natesof owl locationsassociatedwith surveys.
The sameinformationwas collectedfrom land
managementagenciesthroughoutthe owl’s
range for thefour-yearperiod (1990-1993).
Year-endsummariesfrom the FS Region3 were
comparedto output from theTeamdatabaseto
verify similarity for the period 1990-1993.

We foundmanydiscrepanciesbetweenthe
TeamandFS Region 3 databases, the greatest
beingfewer territorieswith completereproduc-
nyc informationin theTeam’sdatabase.The FS
databasecontained1,984records,whereasthe
Team’sdatabasecontainedonly 377observations
wherevalid estimatesof reproductiveoutput
(numberof fledgedyoung) wereavailable.A
valid estimateof reproductiveoutputwas onefor
which appropriateprotocols(see Forsman1983,
USDA ForestService1990)substantiatedthe
estimateor for which youngwerereported.
Thus,we were able to locateonly a fractionof
the datapresumablyavailable.

When thetwo databases weremerged,we
found 11 records intheTeamdatabasethathad
no correspondingrecord inthe FS database.
Further, the FS databasehas nofecundity
estimatefor 45 recordsfor which theTeam’s
databasehada valid fecundityestimate.Of the
321 recordsthat marched,271 recordshad
identicalvaluesfor reproductiveoutput.Eight of
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the remainingrecordshadgreatervaluesin the
Teamdatabase,whereas 42hadgreatervaluesin
the FS database. For the 321marchingrecords,
the FS databasehada significantlygreater
fledgling rate(P < 0.001) thantheTeamdata-
base.The expected biaswas thatthe FS database
wouldhavealower estimateof reproductive
outputbecausemanyof the recordswith zero
youngreportedwerenor properlysubstantiated
by mousing dataas wasdonein theTeam
database.However, changes bythe FS occurred
duringsummarizationprocedures,amongthem
selectedterritories withzeroyoung recorded
werechangedto unconfirmed(Keith Fletcher,
FS,Albuquerque,NM, pers. comm.).Therefore,
the FS databasehas ahigher estimateof repro-
ducriveoutputbecause anumberof territories
with valid valuesof zero wereeliminatedfrom
the calculation.This would introducean overes-
timateof reproductiveoutput.Whetherthetwo
biasesin the FS databasecanceleachotheris
unknown.

A potential problem withtheTeamdata-
basewas the incompleteavailabilityof data
forms; manyof the neededforms weremissing.
The last form used tocompletethe estimateof
reproductionfor manyof the MTs maynor have
beenavailablefor dataentry As a result, the
Teamdatabasehasalower estimateof reproduc-
non thanthe FS database.The Team’seffort to
validatethe FS estimatesof fecunditydoesnor
accomplishthis objective.Rather, the Team
databaseappearsmoo incompleteto beusefulfor
estimatingfecundity.Therefore,we have used
estimatesof fecundity fromtheFS databasewith
the understanding thattheseestimatesmaybe
biased for tworeasons:inadequatevalidationof

the fecundityandoccupancyresults,andnon-

randomsampling.The benefitof theTeam

obtainingrawdata fromthe FS is that this effort
hasdemonstratedsevereproblems withthe

handlingof datacollection, datamanagement,

anddataanalysisfor themonitoringprogram.
By discovering theseproblems,theproblemsare

correctablein the future.
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LIFE HISTORY PARAMETERS

An organism’slife history is the combina-
nonof birth anddeathprocessesexhibitedin irs
naturalenvironment(PartridgeandSibley
1991). The optimaltrade-offin survival and
reproduction,resultingin fitness,shouldbe
maximizedby the life history favored bynatural
selection.Underoprimalitytheory the
organism’slife history is a finelytunedresultof
adaptationsto irs environment;majorperturba-
rions to anorganism’senvironmentcould
eventuallylead to irs extinction.However,
behavioralplasticity mayallow organisms to
adjustlife-history strategies tocurrentenviron-
mental conditions(HansenandUrban 1992).
Whenexaminingrecoveryof a speciesafter past
and presentenvironmental perturbationsof
varying magnitudes,onemust questionwhether
that specieswill perishor persist.Therefore,
examiningthelife history characteristicsof the
Mexicanspottedowl is paramountto under-
standing howit responds to changes inirs
environment.

An organism’slife history can bequantita-
rively described in termsof age-andsex-specific
survival, age-andsex-specificfecundityrates,
longevity, andageam first reproduction(Stearns
1992). In thefollowing section,we outline
currentestimatesof life historyparametersfor
the Mexicanspottedowl, usinga varietyof
estimators calculatedwith differentsourcesof
data.Theseparameterscan be used in twoways
to makeinferencesaboutMexicanspottedowl
populations:(1) to estimatethe finite rate of
populationchange(X), and(2) to examine
componentsof fitnesswithin populations(Roff
1992).

Age- and Sex-SpecificSurvival

Weestimatedage-andsex-specificsurvival
for Mexicanspottedowls usingmark-recapture
estimatorswith data frombandedowls in
populationstudies,binomial survival estimators
with datafrom radio-raggedowls studiedam
variouslocations,andsurvival estimatorsfrom
datacollectedduring the FS monitoringpro-
gram.Where feasible,we recognized fourage
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classes:juveniles (J), first-yearsubadults(51),
second-yearsubadults(S2)andadults(A), all as
describedby Forsman (1981)andMoen em al.
(1991).Juveniles(age,x = 0 years)were fledged
young-of-the-year.First-yearsubadults(x = 1
year), second-yearsubadults(x = 2 years),and
adults (x =3 years)havesimilar body plumage
bum weredistinguishedby differentrerrix charac-
rerisrics (Moen em al. 1991).Nor all studies
differentiatedthe two subadultageclasses,so
these twoage classeswere usuallylumped intoa
single subadult(5) ageclassfor the purposeof
estimatingsurvival. We distinguishedbetween
subadultsandadultsbecausesubadultsusually
have lowerreproductiveratesthanadults.

Mark-recapture Survival Estimators from
Population Studies

Mark-recaptureestimatorsyield maximum
likelihood estimatesof apparentsurvival (~) and
recapture(or resighting)probability (p), which
areasymptoticallyunbiased,normally
distributed,andhaveminimumvariance
(Lebremonem al. 1992).An important
considerationwith apparentsurvivalis that
1- p = death+ permanentemigration.For
apparentsurvival to accuratelyreflect true
survival (5), permanentemigrationover the
courseof the studymustbe closeto zero. Emi-
gration is difficult to quantify, requiringthe use
of large samplesof radio-markedbirds.

Another limitationof the mark-recapture
datais thatonly territorial birds aremarked,
becausenonmerrimorialbirds (“floaters”) do nor
respondto thecapture andsightingmethods
employed. Eventhough markedjuvenilesenter
thefloaterpopulation,theyarenor recaptured
until theybecometerritorial, which maynor
happenbecausetheyemigratefrom the study
area.Floatersthat never becometerritorial are
neverincludedin the datato estimatesurvival,
evenif theyremainon the studyarea.As a result,
juvenile andsubadultsurvival estimatespro-
ducedfrom birds bandedasjuveniles are biased
low becauseof theentry into the floaterpopula-
tion and/oremigrationfrom thestudyarea.
However,estimatesof survival generated from
subadultsandadultsmarkedas territorialbirds,
hencewith negligibleemigration,areunbiasedif

inferenceis only to territorial birds.Thus,
inferencesfrom the mark-recapturedata only
apply to theterritorial populationbecauseonly
birds from the territorial populationare marked.

We examinedmark-recapturedatafrom
color-banded Mexicanspottedowls derivedfrom
the threepopulationstudyareas(Figure2.1):
(1) a 484-km2(187-mi2) arealocatedon the
Coconino NationalForest(UpperGila Moun-
rainsRU) denotedas the CSA (Gumi~rrezem al.
1994); (2) a323-km2(125-mi2) arealocatedon
the Gila NationalForest(UpperGila Mountains
RU) denotedasthe GSA (Gumi~rrezet al. 1993);
and (3) an areaencompassingportionsof the
Sky IslandMountains in southeasternArizona
(BasinandRange- WestRU) denotedasthe
SISA (Duncanem al. 1993).A total of 148 adult,
44 subadult,and 238juvenile capturehistories
compiledduring 3- and4-yearperiodswere
utilized in the subsequentanalyses(Table2.1).

Methodsused toestimatesurvival from the
mark-recapturedataaredetailedin Burnhamem
al. (1994)andLebreronem al. (1992).Two setsof
parametersareestimatedwith these models: ~is
the probability of abird remainingalive andon
thestudyarea,andp is the probabilitythat the
bird will be resightedafter initial capture.Both~
andp are indexedto providespecificestimates
with respect to rime,age, sex,andarea.We
employedthreeanalyses:(1) goodness-of-fir
restingto the Cormack-Jolly-Seber(CJS)models
usingcomputerprogramRELEASE(Burnham
em al. 1987) andJOLLY (Pollockem al. 1990); (2)
examinationof a wide varietyof modelspro-
gressingfrom a biologically realistic globalmodel
to the simplestmodel usingprogramSURGE
(Lebremonem al. 1992);and(3) selectionof the
mostparsimoniousmodelwith Akaike’s Infor-
marionCriteria (AIC) andlikelihood ratio rests
(LRT) (Lebremonem al. 1992).

Goodness-of-firtestsof datato the CJS
model includeTest 2,which restsprimarily for
lack of independence,andTest 3, which prima-
rily rests for heterogeneityin survival andrecap-
inure probabilities(Burnhamem al. 1987). We
could only useTest 2 becauseof theshort
durationof the studies. Test 2of the GSA and
SISA datadid norindicatelack of fir of the data
(GSA: x2 = 0.008, 1 df, P = 0.93; SISA:

z2= 0.702, 1 df, P = 0.40).Test2 was nor

Volume Il/Chapret2 4



MexicanSpottedOwl RecoveryPlan

Figure 2.1. Location of Coconino(CSA), Gila (GSA), andSky Islands(SISA) Mexican sportedowl

populationstudyareasin ArizonaandNewMexico.

Table 2.1. Time periods andnumberof capturehistoriesfrom threestudyareasused inestimating
Mexicanspottedowl survival.

Age ClassWhen Banded

CoconinoStudyArea
(CSA)

Gila StudyArea
(GSA)

Sky Island StudyArea
(SISA)

1991-4993 1991-1993 1990-4993

Adults 41 52 55

Subadults 18 15 11

Juveniles 95 84 59
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computablefor the CSA becauseonly one bird
releasedin 1991 wasnor recapturedin 1992 bum
was capturedin 1993.

For modelselection,the GSAandCSA
data setsweremodeledtogetherbecausethey
employedsimilar designsandmethodologies
(Guri~rrezem al. 1993,1994),bothoccurin the
UpperGila MountainsRU, andwewantedto
improvetheprecisionof survival estimatesby
combiningthe datainto oneanalysis.The
proceduresused allowedtestingthe assumption
that survival and recapturerateswere the same
for these twostudyareas.The SISA data setwas
modeledseparatelyfrom theCSA andGSA data
setsbecauseit was conductedby a separateset of
investigatorsusing somewhatdifferentprotocols,
andbecause thisstudyoccurredin the Basin and
Range- West RU. Inmodelingthe GSA and
CSA data, weconsideredthe global modelto be

l’Pg’r~a’ Pg~<a’ (AIC = 249.05,K= 28 parameters);
it includedstudy area(or group,g), sex (s), and
age (a) effects.We did norincludetime effects
becauseonly two recaptureperiodswerepresent
in thedata.The selectedmodel

{~Ppg’~PSA(GSA>,AAf(CSA)’~AF(CSAJ’Psi’ P52 A
1 (AIC =

223.24, K= 6) included(1) separateestimatesof
juvenile (I) survival for eachstudyarea,(2) a
singleestimatefor subadulms(5) andadults (A)
of bothsexeson the GSA combinedwith sub-
adultsof bothsexesandmaleadults(AM) on the
CSA, and (3) asingleestimatefor adult females
(AE) on the CSA. No significantstudyarea
effects in termsof recaptureprobabilities(p)
were found bumtherewas an ageeffect (51 !=S2
andA ageclasses).However, theestimateof ~
for CSA femaleswas 1.000(s~ (~) = 0.000),
which was unsuitablefor modelingpurposes.

Other thanindicating that adult femalesmay
havehighersurvival thanmales,the ~ foradult
femaleson theCSA was probablyan artifact of
limited numberof captureoccasions.Such a
result is possiblefrom astudywith only three
captureoccasions.Therefore,we used the nearest
model to the selectedmodel; i.e., the model
with the next lowestAIC. This model{‘y~ PAS’

PSI’PA,S
2} (AIC = 229.53,

K= 5) includedseparateestimatesof juvenile
survival for thetwo studyareasandasingle
estimatefor subadultsandadults,with no sex
effects (Table2.2). Recaptureprobabilitieswere
modeledthe sameas theprevious model.

Estimateddifferences injuvenile survival
betweenthe two studyareasmayrepresent
differences in survey effortaroundthestudy
areasanddifferences instudyareasize rather
thanreal differences inthe rates. Formore
explanatoryderails, refer tothe Population
Trendssection.

Wecould nor obtainreliableestimatesfrom
the SISA. For all the preliminarymodelsexam-
ined,survival estimatesbecameboundedatthe
upper limit of 1 indicating problems withthe
estimation procedure.The selectedmodel (~, p)
hada singlesurvival estimate(~ = 1.0000,
~e(~) = 0.0000) anda singleestimateof recap-
inure probability (A = 0.2366,s~ (A) = 0.0344)
with no age,sex,or time effectson eitheresti-
mare. Such aconclusionis nor biologically
realistic; andgiventhat the protocolused inthis
study did nor stressresightingof markedbirds
(asevidencedby the low estimateofp), we do
norfeel these resultsare useful.

Table 2.2. Apparent survival (4), recaptureprobability (p), andtheir samplingstandarderrors
estimatedfor Mexicanspottedowlsbetween1991 and1993 onthe Gila StudyArea (GSA), New
Mexico, andthe CoconinoStudyArea (CSA), Arizona.

Age-class (Study area) s~e (~) sAe (~)

Juvenile (GSA) 0.0643 0.0366 0.7147a 0.1524

Juvenile (CSA) 0.2861 0.0785 0.7147’ 0.1524

Subadult&Adult(GSA&CSA) 0.8889 0.0269 0.9818 0.0176
aRecapture probabilitiesfor juvenilesrepresentprobabilityof recaptureas an51 or S2 individual.
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Binomial Survival Estimators from
Radio-tracking Studies

Binomial estimatorsallow estimationof
truesurvival (5) where 1 - S = mortality. Esti-
maresof S can bederivedfrom radio-telemetry
dataandarepreferableto estimatesof apparent
survival whenpermanentemigrationoccurs,
radios donor influencesurvival, andsufficient
numbersof radiosareavailablefor precise
estimates.We estimatedannualsurvival for
subadultandadult Mexicanspottedowls based
on 73 radio-markedindividualsfrom six studies
am four geographic locations(Table2.3). Wealso
used22 juvenilesfrom two independentstudies,
one inColorado(R. Reynolds,unpub.data)and
one inUtah (Willey 1992a,b). We selectedthe
Kaplan-Meierproductlimit estimator(Kaplan
andMeier 1958)as modifiedby Pollockem al.
(1989) to analyzetheradio-telemetrydata.This
estimatorallowed for staggeredentryof indi-
vidualsduring thesamplingperiodand the use
of right-censoreddata (exactfamesof individuals
unknowndue to radio failure) without incurring
thebiasesdueto censoringdiscussed byWhite
andGarrorm(1990). In addition,this estimatoris
nonparamerricand, therefore, doesnor require
an underlyinghazardfunction thatmustbe
mathematicallytractable(Pollock eral. 1989).

Five importantassumptionsunderliethe
Kaplan-Meierestimator: (1) individualshave
beenrandomlysampled;(2) survival of the
markedanimalis independentof otherindividu-
als; (3) attachedradiosdo nor influencesurvival;
(4) censoringis random andunrelatedto an
individual’s fame; and(5) newlymarkedindividu-
als havethe samesurvival rare aspreviously
markedindividuals.We wereunableto test these
assumptionsbecauseof low samplesizesand
designof the studies.However,we felt that
assumption(1) was probablynor metbecauseof
thenatureof the studieswhereasassumptions
(2)-(5) probablywere met.However, controversy
existswhetherradiosandtheirattachment
(assumption3) affect survival (Pamoner al. 1991,
Fosterem al. 1992),althoughthestudiesreported
here usedmail-mountedradios ratherthanthe
backpacksdiscussedby the references.This
assumptioncannotbe restedwith just radio-
trackingdata.

Volume Il/Chapter2

Adult andsubadultage classeswerepooled
for analysesbecauseof thesmall sampleof

subadultsin the radio-markedsamplesandfor
comparabilitywith the mark-recaptureestimates.
Sex-specificestimatesof adultandsubadult
survival werecomputedby poolingdataacross
studyareas.Poolingacrossstudyareaswas
necessary becauseof low samplesizeswithin
eachstudyarea.In addition,dataon bothsexes
from the Coconino NationalForestwerecom-

bined for comparisonwith themark-recapture
estimatesfrom theCSA populationstudyon
that forest. The pooling of data across study areas
and years prevented us from examining

spatialandtemporalvariation in the Kaplan-
Meier estimates of survival. In all Kaplan-Meier
models,the annualsamplingperiod startedon 1
Junebecausemostbirdswere radio-markedjust
after thisdame, this coincided withapproximately
the middle of the sampling period for the
populationstudies,and thiswas the “birth” dame
used forfledglings in populationmodeling
(Franklin 1992). In all models, individuals
tracked beyond the annual sampling period were
recycledbackto the beginning.For example, an
individual thatwas radio-markedin July and
thenhad radio failure in Augustof thefollowing
yearwould beinitially addedin July addedagain
in the following June, and then censored in

August. Inthisway the numberof entries inthe
modelexceededthe actualnumberof individuals
raggedand the only fates for an individual were
to die or be censored from the analysis.

Estimatesof S for adults and subadults
combinedwereclose to identicalfor both sexes
whenstudyareas werepooled(Table2.4). On

the Coconino NationalForest,Kaplan-Meier(5)
andmark-recapture(~) estimateswerecompared
for adult/subadult (both sexes combined) and

juvenile ageclassesusingaWald rest(Carroll
and Ruppert 1988, Hosmer and Lemeshow
1989):

X (I)
v~r (~) + var (~)

Estimatesfrom mark-recapturedatawere
norsignificantly different fromthoseestimated
from the radio-telemetry data (z2 = 0.950, 1 df,
P = 0.330). Estimates for juvenile survival from
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Table 2.3. [)cscriprion of radio-telemetrystudiesconductedon adult andsubadultMexican sportedowls in the UpperGila (NorrherAZ, Coconino
NF, AZ), Basin andRange - East (LincolnNF, NM), SouthernRockyMountains Colorado(Rocky Mts, CU), and Colorado Plateau (Zion NP, UT)
RUs.

Study Location Time Period

Number of Individuals

Male Female Total

Ganey (1988) NorthernAZ 1986-1987 5 3 8

Ganey and Block (unpublished data) Coconino NF, AZ 1990-1993 7 6 13

Kroel and Zwank (1991) Lincoln NF, NM 1990-199 1 4 3 9

Ganey andBlock (unpublished data) Lincoln NE, NM 1992-1993 9 6 15

Reynolds (unpublished data) Rocky Mrs., CO 1992-1993 9 4 13

Willey (unpublished data) Zion NP, UT 1991-1993 9 3 12

Total 43 30 73
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the radio-melememtydata(Table2.4) werenor
significantlydifferent fromestimatesfrom mark-
recapture datacollectedon theCSA (x2 = 0.752,

1 df, P = 0.386)or theGSA (x2 = 2.749, 1 df,

P= 0.097).

Survival Estimators from FS Region 3
Monitoring Studies

The FS has inventoried Mexican spotted
owl MTs since 1984,and conducted informal

and formal monitoring since 1989 (Table 2.5).

Summariesof monitoring data were supplied by

the FS (seeSourcesof Informationsection).For
each MT, presence of owls (single male, single
female, single unknown, unknown age and sex,
or pair, or else unchecked) and result of repro-

ducrion (0, 1, 2, 3 young, unchecked, or uncon-
firmed) were noted.

Persistence of a pair can be estimated from
occupancy data gathered during the FS sported

owl monitoring program. Pair persistence rare is
defined here as the probability that a territory
containing a pair of owls in one year will contain
a pair in the succeeding year (but see discussion
of biases below). An individual territory must be

monitoredboth yearsto computethis statistic.
The overall persistence rare was 80.5% for 824

territories monitored with formal and informal
protocols (Table 2.6). Note that some territories
had persistence estimates for their first year

because some of these MTswere surveyed as parr

of inventory the preceding year. No differences
in the persistence rare across years were detected

for the informal monitoring data (1989-1993;

= 2.543, 4 df, P = 0.637), or the formal
monitoring data (1989-1993; x2 = 3.233,4 df,

P = 0.520). Wefound no significant differences
for year (x2 = 4.2546, 4df, P = 0.373),monitor-

ing type (x2= 0.7133, 1 df, P= 0.398), or their
interaction(~2 = 1.3162,4df, P= 0.859) using
a logistic regression model (Hosmer and
Lemeshow 1989).

The overall persistence rare based on pairs

versus no pairs from 1989-1993 formal and
informal monitoring types (0.805, SE = 0.0138)
was used to estimate adult survival (5a)~ If pairs

are assumedto remainon the same territory lack
of a pair on a territory that was previously
occupied infers the death of one or both mem-
bers of the pair. This is a difficult assumption to

accept because pairs have been observed to
change nest locations, bum it allows some infer-
ence about adult survival. The dichotomy of

pairs versus no pairs was used because this
assumption is the simplest one possible for
estimating survival from persistence. Single birds
(i.e., persistence of a single) could be included in

the analysisto estimatesurvival, bumwould
require an assumption that single males persisted
on the territory am the same rate as single fe-
males. Another bias is failure to detect a pair
when both birds are present. Using the di-
chotomy of pairs versus no pairs, and assuming

Table 2.4. Estimatesoftrue survival (5) for Mexicanspottedowls basedon radio-telemetry

data.

Group ~a 95%C.I.

ADULTS

All Study Areas

Males 71 0.799 0.062 0.676 - 0.970

Females 47 0.806 0.084 0.642- 0.970

CoconinoN.F.

Both Sexes 41 0.800 0.087 0.630- 0.970

JUVENILES

Colorado & Utah 25 0.124 0.058 0.010- 0.238

Numberof entriesin Kaplan-Meictestimator.
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Table2.5. Numberof managementterritoriescheckedoneor more timesduringthe Mexican
sportedowl monitoring programof FS Region3.

Year Formal Informal Inventory

1984 0 0 13

1985 0 0 37

1986 0 0 17

1987 0 0 28

1988 0 0 129

1989 90 56 153

1990 40 221 199

1991 150 233 75

1992 157 287 49

1993 159 225 44

Table 2.6. Persistenceof aMexicanspottedowl pair on amerriroty for formal andinformal moni-
toring data,with “persistence”definedas theprobability a pairof owls will existon arerrimoty given
thata pairwas on the samererriroty the previousyear.Dataare from themonitoringprogramof FS
Region 3.

Year

Formal Informal

n Persistence n Persistence

1989 49 0.796 14 0.857

1990 23 0.783 109 0.743

1991 97 0.804 99 0.758

1992 97 0.876 114 0.816

1993 111 0.856 111 0.784
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thatboth adultssurvive am the same rateand
independent of one another, then (SA)2 = 0.805,

aAorS = 0.897(~e (S) = 0.0077).This estimateis

very closeto theobservedestimateof apparent
survival from the populationstudies (0.889).

Two biasesof oppositedirectionare pos-
sible for anestimateof adult survival based on
pair persistence.A pair of owlsmayleavea
territory for reasonsotherthanthedeathof one
memberof the pair, resultingin an estimateof
survival biasedlow. In contrast,onememberof a
pair maydie, bum the remainingmember maybe
able toobtainanothermareandstay onthe
territory. Anotherpossibility is thatbothmem-
bersof a pair die,bumthe territory is occupiedby
a new pair. In thesesituations,theestimateof
survival is biased high. For this reason, wenote
thesimilarity of persistence-basedsurvival (S) to

mark-recaptureestimates(~) bum we reliedsolely
on the mark-recaptureestimatesto estimate
population trends.

The 1989-1993 formal and informal
persistencedatawere also analyzedby recovery
unit (Table 2.7)usinga logistic regressionmodel
that includedyear (1989-93),recoveryunit and
the interactionbetweenthe two factors.No
differences werefound for year(x2 = 5.9688,
4 df, P = 0.202), recovetyunit (x2 = 2.6129,

4 df,P = 0.624),or the interactionbetweenthe
two (x2 = 13.1995,15 df, P= 0.587).Therefore,
a reducedmodelwith only recoveryunit was
analyzed;andagain, no differences werefound
for recovetyunit (x2 = 7.0271,4 df, P= 0.134).

Survival Estimatesfrom BandReturnData

Recordsfrom the FWS BandingLaboratory
were checked todetermineif adequatebanding
datawereavailablefor estimationof survival. All
recordsobtainedfrom the Laboratorywereparr
of studiesreportedabove,sodid norprovide
additional information.

Age- and Sex-specificFecundity

Fecundity(my) can bedefinedas the mean
annualnumberof live births of a givensexby a
parentof thatsamesexover an intervalof age
(Caughley1977),e.g.,thenumberof female
youngper adult female. ForMexicanspotted
owls, we definedlive births as thenumberof
youngfledging from the nestbecausethenum-
ber of live births am hatchingwas nor measured.
To estimatefecundity, weinitially usedthe
numberof total young(e.g. of bothsexes)
fledged per pairas the response variablefrom the

Table 2.7. Persistenceof apair of Mexican sportedowls on aterritory for the five recoveryunits
containedin the FS Region3 monitoring databasefor 1989-1993,with “persistence”definedas the
probability a pairof owlswill exist on aterritory given that a pairwas on the sameterritory theprevi-
ousyear. Survival rare is the probability thatbothmembersof the pair survivedthe year,and is the
squareroom of persistence.

RecoveryUnit n Persistence Survival Rate

Basin and Range- East 258 0.779 0.883

BasinandRange-West 114 0.833 0.913

Colorado Plateau 8 0.500 0.707

S. Rocky Mountains - NM 31 0.742 0.861

Upper Gila Mountains 413 0.823 0.823
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two appropriatepopulation studies (GSA and

CSA) and the FS monitoringdatabase.The
third populationstudy(SISA) wasincludedin
the analysisof the FS monitoringdatabase
becausethe methodsusedand territoriesmoni-

toredwere identical.We analyzedthe two
population studies separately from the monitor-
ing databaseto obtainfecundityestimates
directly relatedto the mark-recaptureestimates
of survival. Estimatesfor numberof young
fledgedwereconvertedinto fecundimiesby
dividing the means inhalf andadjustingthe
standarderrorsaccordinglyThis procedure
assumeda 1:1 sexratio am fledgingandthat sires
where reproductivedataweregatheredwere
independentacross years.

FecundityEstimatesfrom Population Studies

We usedthe general linear modelsproce-
durein SAS (PROCGLM; SAS Institute Inc.
1985) to examine differences inrime, age, and
studyareasfor numberof young fledgedby male
and female Mexican spotted owls. Average
number of young fledged for all years differed
betweenthe GSA andCSA (F= 3.73; 1, 151 df;
P = 0.055) but averagenumberof youngper
year forcombined studyareasdid nordiffer
amongyearsofsmudy(F=1.58;2,151 df;
P = 0.210). Basedon apriori linear contrasts,
numberof youngfledged byfirst-yearsubadults
was differentfrom second-year subadultsand
adults combinedfor both males(F= 3.45; 1,
151 df; P= 0.065) andfemales(F= 16.24; 1,
151 df;P<0.001;Table 2.8).

Fecundity Estimatesfrom FS Region 3
Monitoring Database

An objectiveof the FS Region3 monitor-
ing programwasto monitor reproduction(Table
2.9). Differences inmeanreproductionacross
monitoring methodsandyearswere restedwith
analysisof variance(ANOVA). Reproductionis a
categorical variable, because only values of 0, 1,
2, and3 youngare observed.However,ANOVA
techniquesare still appropriatebecauseof the
large samplesizesinvolved (eventhoughsample
sizesareunequal);andhence,the cell means
beingapproximatelynormallydistributedas a

result.Anotherpossibleproceduremight be a
log-linearanalysis.However,the null hypothesis
of a log-linearmodelwouldbe thatthedistribu-
tions are the same,comparedto the null hypoth-
esisof ANOVA that the meansare the same.
Thus,a log-linearanalysismayrejectthe null
hypothesisevenwhen themeanfecundityrates
do not differ. We did nor use alog-linearanalysis
herebecause we areprimarily interestedin the
meanrates.

All datafor 1989-1993were used to testfor
differencesbetweenformal andinformalmoni-
toring types (Table 2.9).The yeareffectwas
significant (F= 14.09;4,685df; P< 0.001),bum
monitoringmethod(F< 0.001; 1, 685 df;

P= 0.956)and the interaction (F= 1.23; 4,
685 df; P = 0.295) werenor significant.The
averagenumberof youngfledged/pairacross
yearswas 1.006 (n = 695, SE = 0.037), giving a
fecundityestimateof 0.503(SE = 0.018).

Differences inmeanreproductionamong
recoveryunits withyearsincludedin the model
was testedfor formal andinformal monitoring
datafor 1989-1993.The yeareffectwas signifi-
cant (F= 3.03;4,672 df; P= 0.017),aswere
recoveryunit (F= 12.55; 4,672df; P < 0.001),

andtheir interaction (F= 2.86; 14, 672 df;
P < 0.00 1). Mean reproductiverates aregiven in
Table 2.10 for eachyearandrecoveryunit, plus
therecoveryunit meanacrosstheyears 1989-
1993. Reproductionestimatesfrom theFS
monitoring databasewere comparedto estimates
from thepopulationstudies (CSAandGSA) for
the same two National Forests, i.e., Coconino
and Gila. The ANOVAmodel included year
(1991-1993), National Forest (Coconino, Gila),
andmonitoringmethod (populationstudy
versusformal andinformal monitoring),plus all
the interactions of these three factors. None of
thefactorswassignificant (P=0.3 00) except the
interactionbetweenforest andmonitoring
method (F= 5.24; 1,267 df; P= 0.023). Table
2.11 presentsthe four meansthatproducedthis
interaction.

Although thereasonsbehindthis interac-
tion areunknown,we speculatethat two expla-
nations are possible for this difference. First,

differences infollowing the monitoring proto-

cols betweenpersonnelin the Coconinoand
Gila National Forests mayhave led to the
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Table 2.8. Samplesize (n) andestimates (meanandSE) of numberof youngfledged/pairarid fecunditx’ (femaleyoungfledged/female) from theGSA
and CSA Study Areas, 991-1993.

b

No. Young Fledged/Pair Fecundity

Mean C1~

m s~e(m)

GSA

Female S2 & A 68 1.1617 0.1060 0.3809 0.0530

Si 7 0.0000 0.0000 0.0000 0.0000

Male S2&A 75 1.0533 0.1038 0.5267 0.0519

Si 0

CSA

Female S2 & A 74 1.5405 0.1250 0.7703 0.0625

Si 8 0.2500 0.2500 0.1250 0.1250

Male S2&A 73 1.5205 0.1266 0.7603 0.0633

Si 9 0.5556 0.3379 0.2778 0.1684

Coconinostudyarea (CSA),Gila studyarea(GSA).

b Numberof pairs adequatclvcheckedfor reproductiveacriviry.

Cm = (meannumberyoung tledged/pair)/2.i.e.. an equalsex ratio atfledgingis assumed.

a. (4~ = SE/2
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Table 2.9. Number ofMexican sported owl pairs checked (n), mean, and standard error (SE) for
number of young fledged per pair for 1989-1993, based on formal and informal monitoring methods.

Year
Formal Informal

n Mean SE n Mean SE
1989 61 1.246 0.116 18 0.944 0.206

1990 20 0.200 0.092 77 0.494 0.092

1991 79 1.177 0.106 81 1.321 0.112

1992 99 1.172 0.097 105 1.152 0.095

1993 85 0.882 0.105 70 0.743 0.101

observeddifferencesbetweenthe population
studiesandother monitoringsystems.Monitor-
ing approachesin the populationstudiesare the
same because eachwas conductedby the same
researchgroup using standardizedmethodsand
experienced personnel.A secondpossibility is
that the populationstudyareasare nor represen-
tative of the surroundinghabitatfor their respec-
tive forests;andthus, the observeddifference15

real andcausedby habitatdifferences on each
forest.Alternatively monitoringsiresmaynor be
representativeof theforest becausemanagement
territorieswere selected becauseof proposed
timbersales(with betterquality owl habitat)or
historical locations(with easyaccess).

Effects ofForest Type on Life
History Traits

We examinedthe effectsof foresttype on

both reproduction and persistence, which can be
viewedas an indirectmeasureof survival. We
used two sourcesof informationto examinethe
effects of forest typeon reproduction:the FS
Region 3 monitoring database and data from
Skaggsand Rairm (1988).For persistence, we
used data from the FS Southwestern Region
monitoring database. These were the only

sourcesof dataavailableto the Teamwhich
coupled habitatinformation with dataused to
estimatelife history traits.

Effects on Reproduction

The FS Region3 monitoring database
included for each MT the percent (recorded to
the nearest25%) of the core areaconsistingof
the following forest types: mixed conifer, pine-
oak, ponderosa pine, pinyon-juniper, oak,
Arizona cypress, sycamore, other riparian, and

unsuitablefor owls. We computedthe Pearson
correlations (r) between each of these forest type
variablesandnumberofyoungproducedon an
MT for each year,giventhat a pairof owls was
present.Significant correlationswerefound for
mixed-conifer(r= -0.131, P< 0.001), pine-oak
r= 0.084, P= 0.011), other riparian (r= 0.062,

P = 0.064), and unsuitable (r = 0.098,
P = 0.003), with none of the remainingvariables
significant(P> 0.154).This analysissuggested
that the moremixed-coniferpresent,thelower
the reproductiverate (a negativecorrelation),
andthe moreunsuitableforest type,thegreater
the reproductiverare (a positivecorrelation).
When theforest type variableswereused in a
step-wiseregressionto predictnumberof young
fledged,mixed-coniferandunsuitablewereboth
selected(P =0.017),while noneof the remain-
ing variableswas included(P> 0.150).The
regressionexplainedonly a very smallamount
(2.3%) of the variation in thenumberof young
fledged,with the signsof bothvariables inthe
oppositedirectionof whatwe expected based on
radio-telemetrystudies(GaneyandDick 1995).
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Table 2.10. Number ofMexican sported owl pairs checked (n), mean, and standard error (SE) for

number of young produced per pair for 1989-1993 by recovery unit, based on formal and informal
monitoring methods.

YearRecoveryUnit

Basin and Range- East

Basin and Range- West

Colorado Plateau

1989
1990
1991
1992
1993

All
1989
1990
1991
1992
1993

All
1989
1990
1991
1992
1993

All
1989
1990
1991
1992
1993

All
1989
1990
1991
1992
1993

All

S. Rocky Mountains - NM

Upper Gila Mountains

n

56
47
53
60
45

261
0
7

25
32
16
80
0
1
1
2
2
6
5
5
5

10
6

31
18
37
76
100
86
317

Mean
1.161
0.021
1.264
0.717
0.356
0.736

0.143
0.960
1.469
1.250
1.150

2.000
2.000
2.000
3.000
2.333
0.800
0.000
1.400
1.300
0.167
0.806
1.333
1.027
1.316
1.300
0.977
1.186

SE

0.124
0.021
0.140
0.107
0.111
0.057

0.143
0.204
0.162
0.233
0.110

0.000
0.000
0.211
0.490
0.000
0.600
0.335
0.167
0.188
0.18 1
0.142
0.105
0.099
0.094
0.052

Table 2.11. Sample size (n), mean,andstandard error(SE) for thenumberof Mexicanspottedowl
youngproducedper territory for 1991-1993,based onpopulationstudies(CSA andGSAa) andformal
and informal monitoring methods in the Coconino and Gila National Forests.

National Forest

Population Study
Formal & Informal

Monitoring

n Mean SE n Mean SE

Coconino 82 1.415 0.123 88 1.045 0.098

Gila 75 1.053 0.104 34 1.294 0.137

‘Coconinostudyarea(GSA), Gila studyarea(GSA).
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Whenwe examined the database to determine
the distribution of territories with mixed-conifer,
we found that 276 territories with 100% mixed-

conifer cover occurred in the Basin and Range -

EastRU. These276 territorieswere79.3%of
the territoriesthathad100%mixed-conifer.
However, only 6 territories with <100% mixed-
conifer occurred in the Basin and Range - East,
or 1.1% of <100% mixed-conifer. Because of
this inequitable distribution of mixed-conifer
territoriesacrossrecoveryunits, the comparison
of mixed-conifer becomes a comparison of
recoveryunits, nor foresttype,with nearlytotal
confounding of recovery unit and mixed-conifer
habitat. As shown in Table 2.10, the Basin and
Range - EastRU haslower fecunditythanall the
other recovery units. When the recovery unit is
Included in the step-wise regression, the Basin
and Range - Eastunit is includedin the regres-
sion, bum the mixed-conifer variable is excluded.
Possibly mixed-conifer may be the underlying

causeof the differences betweenrecoveryunits.

However,somany otherfactors, suchas climate,
are confoundedwith this variablethat such an
inferenceis highly questionable.

A similar problemoccurswith theunsuit-
able forest typevariable. Only 9 of the 907
territoriescontainedunsuitableforest typeand
all 9 occur in the Tonro NF in the Upper Gila
MountainsRU. Why these 9territorieshad
betterthanaveragefecundityis nor clear, bum the
unbalanceddistributionof the unsuitableforest
typeacrossterritories implies that theconclusion
that theunsuitableforesttypeincreasesfecun-
dity is inappropriate.

Becausecomparisonsof forest typewithin
territoriesareconfoundedwith recoveryunit,
the FS Southwestern Regionmonitoringdata-
baseis unsuitableto makesuch comparisons.To
restfor the effect of forest type on fecundity, a
samplethat is nor confoundedmustbe taken
(suchas theSkaggsandRairm data discussed
next),wherethe differencesbetweenterritories is
just the forest type,and these differencesare nor
confoundedby differences in climate,etc. Other
problemsareinherentin thisapproach.The
spatialscaleam theterritory level maynor bethe
scaleam whichowls performhabitatselection.
Overall forest configurationmaynor be as
importantas specific habitatcharacteristics

within theterritory suchas a nesttreeor roost

sires neededby thenestingpair. Management
territory boundariesare assigned subjectively by
biologists,andnor based onempiricaldata
delimiting areasactuallyusedby owls. Hence,
the percentages of the various habitats included
in the territory reflectsthe biologist’s perception,
nor whamowls mayactuallybe using. Further,
unlesshabitatis manipulated,causeandeffect
cannotbe inferredfrom thekind ofanalysis
performed here, even though it is temptingto
do so.

We reanalyzeddatapresentedin Skaggsand
Rairm (1988),who surveyed18 quadrams,each 23
km2 (9 mi2) in size. Six quadrars were placed
randomlyinto threeareas,eachof which was
dominated by eitherpinyon-juniper(PJ),
ponderosa pine (PP), or mixed-conifer (MC)
forest types. We used at-mesm to testwhetherthe
number of young fledgedper pairwasdifferent
betweenPP and MCforest typesusingquadrats
as replicates. We didnor includethe PJ forest
typein the analysisbecauseno pairswere found
in the quadrams dominated by this type. We

found no significant difference in the number of
young fledgedperpair (t= 1.58; 8 df; P= 0.152)
although numbersof owls differedby forest type
(Ward em al. 1995), suggesting that demographic

processesmaydiffer betweenthe forest types.
The estimatefor MC forest types(~ = 0.88
fledgedyoung perpair, SE = 0.281) was greater
than the PP type (.~ = 0.25, SE = 0.25).Lackof
significancemayhavebeendueto low power
resultingfrom small sample sizes, thus we feel
thestudyshouldbe repeatedwith largernum-
bersof quadrars.

Effects on Persistence

Logistic regressionmodelspredicting
persistencefrom theforest typevariableswere
also constructed. Only mixed-conifer

= -0.0047,P = 0.076), ponderosa pine

= 0.0072,P = 0.090), and oak(~ = 0.0346,

P = 0.003)appearedimportantin predicting
persistence,with the remainderof the habitat
variablesnorsignificant (P> 0.167).As with
reproduction,themodel for mixed-conifer
suggeststhat increasingamountsof this forest
typein the definedcore areaof MTs results in
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decreasing persistence,andultimately fitness.As
discussed previously forthefecundityanalysis,
the inequitabledistributionof mixedconifer
habitat across recovery units makes this analysis
inappropriate.

Conclusions

Environmental conditions maygreatly
affect reproductionand/orsurvival of nestlings
through fledging and to adulthood. However,

adult survival rates appear to be relatively con-
smantacrossyears,as suggestedby high pair
persistencerates.Suchlife history characteristics
arecommonfor K-selectedspecies,for which
populationsremainrelativelystable eventhough
recruitmentratesmight behighly variable.With
no recruitment,the populationonly declinesam
the rateof 1 minus adultsurvival, or the adult
mortality rate.

Undoubtedlylong-lived organismsexperi-
ence a rangeof environmentalconditions
throughmime. Conditionsthat result in simulta-
neously lowsurvival andreproductioncan lower
averagepopulationpersistenceratesdramatically
whenexaminedover aperiod that is short
relative tothe organism’slife span.The converse,
simultaneouslyhigh survival andreproduction,
thatwould raisethe expectedpopulationpersis-
tencedramaticallyis alsopossible.However, the
magnitudeof the effect of such asuddende-
creaseor increaseon averagepersistencewill
naturally declineasthe observationof agiven
population is extendedin rime,while theprob-
ability of detectingsucheventswill increasewith
observationrime. In addition,dispersalamong
subpopulamionscan greatlyinfluencethepersis-
tenceof relatively isolatedpopulations(Keirm em
al. 1995).Successfuldispersalmayalsobe a rare
andrime-dependenteventor adensity-depen-
dentevent. Wecurrentlyhave little information
on the frequencyof immigration andirs associ-
ated influenceon populationpersistence.Thus,
reliableconclusionson the persistenceof Mexi-
cansportedowl populationsmust awaitaddi-
tional study Withoutreliableprojectionson the
owl’s persistence, we canonly summarizeconclu-
sionsabout the owl’s survival andreproduction
based onshort-termbum currentknowledge.

Survival

Annual survival ratesof adult Mexican
sported owls is .-.0.8-0.9 based on short-term
population and radio-tracking studies and

longer-term monitoring studies. These annual
survival estimatescan be viewedas theprobabil-
iry of an individualsurviving from oneyear to

the next or as the proportion of individuals that
will survivefrom oneyear tothe next.A variety
of differentestimatorsof adult survival using
different types and sets of data gave similar
results.Juvenilesurvival is considerablylower
(-0.06-0.29) than adult survival. Juvenile sur-
viva1 also appearsmorevariablespatiallyal-
though thisconclusionreflectsonly two popula-

tion studyareasand two radio-telemetrystudies
spanningtwo yearsor less.

We strongly suspectthatestimatesof
juvenile survival from the population studies are
biased low becauseof (1) a high likelihood of
permanentdispersal(emigration)from thestudy
area,especially the smaller GSA,and (2) alag of
several years before marked juvenilesreappearas

territory holders,am which point theyare first

detectedfor recapture.Concerningthe first
point, juvenilenorthernspottedowls have a
high dispersalcapability (reviewed inThomasem
al. 1990). If Mexicanspottedowl juveniles have
a similar dispersalcapability,we expectthata
substantialportionof markedjuvenileswill
emigratefrom therespectivestudyareas.How-
ever, estimatesfrom the radio-telemetry study
roughly corroboratedthe low estimatesfrom the
populationstudies.Biasesin the radio-telemetry
estimatesof juvenile survival can resultif radios
significantlyaffect their survival. Whetherradios
or their attachmentaffect survivalof northern
spottedowls is debatable(Pamonem al. 1991,
Fosterem al. 1992).Concerningthe second
point, Franklin (1992) founda lag of 1-4 years
betweenthe rime whenjuvenile northern
spottedowls werebanded andsubsequently
recaptured.If this processis similar for Mexican
spottedowls, thenthecurrentpopulationstudies
maybe of insufficient durationto adequately
estimatejuvenile survival.

In summaryour survival estimatesare
basedprimarily on studiesof insufficientdura-
tion or studiesnor explicitly designedto estimate
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survival. In most cases, the data were moo limited
to supportor testtheassumptionsof theestima-
moms used.However, the age-andsex-specific
estimatesof survival calculatedhere are usefulam
this point as qualitative descriptorsof the life-
history characteristicsof Mexicanspottedowls.
That is, Mexican sported owls exhibit high adult

andrelatively low juvenile survival. In this
respect,Mexican spotted owl survival probabili-
ties appear similarto northern(seereview in
Bumnhamem al. 1994) and California spotted

owls (Noon andMcKelvey 1992).

Reproduction

Reproductive output of Mexican spotted

owls, defined as the number of young fledged
per pair,variesbothspatiallyand temporally
Mexican spotted owls may have a higher average

reproductive rate (1.001 fledged young per pair)
than the California (-0.7 12; Noon and
McKelvey 1992)andthe northernsportedowl
(-0.715;Thomas em al. 1990). Both of the other

subspeciesexhibit temporalfluctuationsin
reproduction similar to the Mexican subspecies.

Effects of ForestType

We feel the datacollectedby Skaggsand
Rairm (1988) weremore appropriatefor examin-

ing the effectsof forest type on reproduction
than our analysis of the monitoring data. Their
studywas designed tolook at therelationship
betweenforest type,densityandreproduction
whereas the monitoring program was nor.
However, the Skaggs and Rairm data lacked
sufficient statisticalpowerto detectdifferences
in reproductiveoutputbetweenthe threeforest
types.This problemaroseprimarilybecause
significantlyfewer sportedowls werefound in
the pinyon-juniper andpineforest typesthanin
mixed-coniferforests(Ward em al. 1995).The
primaryproblemin usingdataon foresttypes
from MTs is thatthe data areconfoundedfor
making the desiredcomparisons.Further, the
coredelineationsweresubjective.In addition,
foresttypes includedwithin MT boundariesmay
nor havebeenusedby the owlsforwhich the
given MT was established.For these reasons, we
feel that definitive data linking Mexican spotted

owl reproductionandforesttypearestill lacking,
evenam thecoarse-grainedscalethatwe exam-

ined. Further, foresttypeaffectsmorethanjust
reproduction; so additional data are needed to
evaluatehow forest typeaffectssurvival, and
ultimately fitness.

POPULATION TRENDS

We estimated trends in Mexican spotted
owl populationstwo ways: as thefinite rateof

population change, lambda (%~), and as trends in
therareof occupancyof sportedowl territories.

Finite Rate of Population Change

Lambda was computed for female Mexican

sported owls from the age-specific survival and

fecundity rates obtained from two population
studyareas,the GSA andCSA (see LifeHistory
Parameters section). Lambda is a useful metric

because it measures both the direction and

magnitude of change in population trends.
Direction of population trends can be character-

ized as stationary (X = 1), declining (2. < 1) or

increasing(2..> 1). The magnitudein changeis
expressedasthe annualrate of change,R,where
R= 2. - 1 for a birth-pulse population.From a

populationmanagementperspective, thestatisti-
cal hypothesisis 2. < 1 versusthe null hypothesis
thatthe populationis either stationaryor in-
creasing(2. = 1). This is a one-sidedtestof the
form:

A

se (X)

whereZ is normallydistributedwith g = 0,

G2~ 1

We used aLesliematrix (Leslie 1945) as
modifiedby Usher(1972) tocomputeestimates

of 2. basedsolelyon theestimatesof age-specific
fecundityandsurvivalprobabilitiesobtained
from the two studyareas.The form of the matrix
followed Usher (1972):

L~omt ~lm2J

l~o 4’~
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where ~ = juvenile survival, ~ = survival for the
subadult and adult age classes combined,
mt = 51 fecundity, and m2 = fecundityfor S2
andadult ageclassescombined.The form of the
matrix assumeda birth-pulsepopulationwith a
post-breedingcensusandaprojection intervalof
oneyear(Noon andSauer 1992).Lambdawas
estimatedas the dominanteigenvalue associated
with the right eigenvecmorderivedfrom the
matrix usingpoweranalysis (Caswell1989).The
se(X) was estimatedusingthedeltamethod
(Seber1982,Alvarez-BuyllaandSlarkin 1994),
which includedthe samplingcovariancesfor the
estimatedsurvival probabilities.

Parameter estimatesused tocompute2.
(Table2.12) were takenfrom only the two
populationstudiesbecauseall of therequired
parameterswereestimatedfrom datawithin the
samespatialandtemporalscales.Survivalesti-
mates were based on themark-recaptureestima-
tors. Estimatesof 2. werecomputedseparately
for the two studies becauseof significantdiffer-
ences infecundityandjuvenile survival between
the two areas.

We obtainedestimatesof 2. which were
significantly lower than 1 for the GSAbumwere
nor significantlydifferentfrom 1 for theCSA
(Table2.13). Theseestimatesof 2. represent
trendsin populationsfor only the placesand
times of studyand arebased ononly 3 yearsof
datacollection.We believethe estimateof 2.
from GSAis <1 becauseof bias in theestimate
of dueto emigrationfrom thestudyarea.
GSA is about1/2 the size of CSA, so that the
biasof juvenile emigrationis greaterfor this
smallerstudyarea.The biasof~1 from juvenile

emigration from the study area is a function of
study area size. E. Forsman (FS, Pacific North-
west Forest and Range Experiment Station,
Olympia, WA, pers. comm.)found juvenile
emigrationrates fornorthernsportedowls of
-60%using radiotracking.

We also estimatedthe parametervalues
necessary toobtaina value for2. of 1, or a
stationarypopulation,giventhat theother
parameterestimateswere thesameandwere
unbiasedandprecise(Table 2.14). Theseresults
suggestthatestimateof juvenile survival for the
GSA must increasesubstantially(i.e., removethe
bias in theestimatefrom emigrationfrom the

studyarea)for thepopulationto bestationary
However, theestimateof juvenile survival for the
CSAwas close to that expectedfor a stationary
population on the GSA. The difference in

juvenile survivalbetweenthe two areasmaybe
attributedto 2 causes.First, survey effortmay
differ between the 2 study areas. FS personnel
conductmoreMexican sportedowl surveysin
the areasurroundingthe CSAthanaroundthe
GSA and hence more color-banded juveniles are
reported (M. Seamans, Humboldt State Univ.,
Arcama, CA, pets.comm.). Second,as discussed
above,theCSA is almosttwice aslargeas the
GSA, sothatjuvenilesmaybe lesslikely to
disperseoff theCSA.

The large valuefor 51 fecundity(given that
2. = 1) for the GSA resultsfrom 2. beinginsensi-
nyc to that parameter,so that a biologically
unreasonablevalueis neededto obtain 2. = 1.
That is, the change needed in 51 fecundity to
make 2. = 1 mustbe so large that the value is

biologically impossible.

Occupancy Rate as Measureof
Population Change

Fromthemonitoringdatabasesummarized
by the FS, we evaluatedthe occupancyrareof

territories,expressedas the percentof territories
occupiedby owls, asa measureof trendsin the
Mexicanspottedowl population.For theformal
and informal monitoring data (Table 2.15), the

overall occupancy rare of territories was 63.8%
pairs, 15.0%nor detected(absent),and21.2%
with a singlebird, or presenceof a bird or birds.
The presenceof just a single bird or no detec-
rions may result from inexperiencedcrews
performingthesurveys,andhencea biased
estimateof the actualnumberof pairs.A logistic
regressionmodelof pair versusno pairaccording
to year(1989-1993),monitoringtype (informal
and formal), andthe interactionof these two
variablessuggestsa significantdifference in
occupancyrare for monitoringtype

(xi> = 3.1840,1 df, P= 0.074),bum no differ-
encesin theotherterms (P> 0.288). Presum-
ably, the bestquality territorieswereincorpo-
ratedinto theformal monitoringsystemwith a
pair occupancyrareof 67.6% versus61.0%for
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Table 2.12. Parametersusedto estimate 2. for Mexican spotted owls on the GSA’ and CSAastudy
areas.

Study Area

GSA

CSA

Parameter (0)

Juvenile Survival

Subadult/ Adult
Survival

51 Fecundity(~)

52/Adult

Fec undity( ~)

Juvenile Survival

Subadulm/ Adult

Survival

Si Fecundiry(~)

S2/Adulm

Fecundiry( ~)

cov(450, 4~~)
‘Coconino studyarea(CSA), Gila studyarea(GSA).

Table 2.13. Estimatesand standard errors of 2. for femaleMexican sportedowls on theCSA’ and
GSA’ studyareas.The Zstatisticandprobabilitylevel are for aone-sidedtestof the null hypothesisof
2. < 1 versus thealternative hypothesis2. = 1.

S.

0.9247

1.077

Study Area

GSA

CSA

Coconinostudyarea(GSA), Gila studyarea(GSA).

s”e(S.)

0.0318

0.0453

Z

-2.367

1.700

P

0.009

0.955

0

0.0643

0.8889

o SC

0.0366

0.0269

0.0000

0.5809

-0.0001

0.2861

0.8889

0.0000

0.0530

0.0785

0.0269

0. 1250

0.0625

0. 1250

0.7703

-0.0008

Volume lI/Chapter 2 20



MexicanSpottedOwl RecoveryPlan

Table 2.14. Estimatesof populationparametersfor Mexicanspottedowls on the GSA’ andCSA’
studyareas,andthe valueof the parameterthat gives 2. = 1, provided thatall otherparametersremain
am their original estimate.

Study Area Parameter (0) 0 I IA~l
0.2152GSA JuvenileSurvival 0.0643

Subadulm/ Adult Survival 0.8889 0.9640

51 Fecundity 0.0000 10.9286

S2/Adulm Fecundity 0.5809 1.9468

GSA Juvenile Survival 0.2861 0.1590

Subadulr/ Adult Survival 0.8889 0.8 140

51 Fecundity 0.1250 0.0000

S2/AdultFecundity 0.7703 0.4212

‘Coconinostudyarea (GSA), Gila studyarea(GSA).

informal monitoring; and hence, formal moni-

toted territoriesweremorelikely to beoccupied.
However, the formal monitoring system looks
moreintensivelyam thesites for owls, so this
difference in occupancyraremay be becauseof
searchprocedures,which we suggestasthe most
likely scenario.

Weexamineddifferences inoccupancyrare
(Table 2.15) with a logistic regression model that

lncludedrecoveryunit, monitoring type (infor-

mal andformal), and theinteractionof these
two variablesfor the years1989-1993.Typeof
monitoringwas norsignificant (x2 = 0.0191,
1 df, P = 0.890),bum recoveryunit

(x2 = 22.7979,4df, P< 0.001) and the interac-
non of recovery unit and type of monitoring

(xi = 16.1657,4 df, P = 0.003)were significant.
As definedandused here,occupancyrare is

a ratherartificial parameterbecause the selection
of territoriesfor inclusion in the monitoring
database dependson judgementof human
observers.MT boundariesaresetsubjectivelyso
theydo not necessarilyrepresentowl home
ranges.Further, MTsmayencompassmorethan

onepair (May em al. in press),althoughthis
possibility is nor supposedto occur. Changesin
occupancyrare probablycorrespond morewith
the additionof new MTs tothe list ofthose
alreadymonitoredby the FS,level of effort used

to monitor the MTs (i.e., number of MTs
monitoredthatmeetformal monitoring proto-

cols), and other administrative factors rather

thantrue change inthe owl population.As a

complicatingfactor, MTs arenor a random
sampleof all existingMexicanspottedowl
territories. As can beinferred from Figure2.2,

the percent of MTs occupied has dropped since
1989 becauseall new MTsaddedto themoni-

toting systemareinitially occupied.Habitat
changesinducedby forestalterationsover the
nextseveraldecadeswill makesomeof the
currently occupiedMTs unsuitable.Thus,we
expectthatoccupancyrare will declinefor
existingterritories.New MTs will probablybe
addedto compensatefor lossof existingterrito-
ries, so change inoccupancyratedoesnor
provide avalid inferenceaboutchanges inthe
owl population.

Conclusions

We have littleconfidencein ourestimates
ofpopulationtrendsfor thefollowing reasons.
First, accurate and precise estimates of 2. depend

on theaccuracyandprecisionof theparameter
estimatesused inthecalculations. Estimatesof
juvenile survival maybe biased low for reasons
statedpreviouslyand the mime overwhich
parametershavebeen estimatedis insufficient.
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Table 2.15. Number ofMexican sported owl territories checked(n) andthe percentof themoccu-

piedby a pair of owlsfor 1989-1993,based on formalandinformal monitoringmethods.

RecoveryUnit

Formal Informal

OccupancyRate(%) n OccupancyRate(%)

Basin and Range-East 185 70.8 222 60.8

Basin and Range- West 73 82.2 84 71.4

Colorado Plateau 12 41.7 9 22.2

S. Rocky Mountains - NM 30 43.3 26 84.6

Upper Gila Mountains 259 74.9 400 71.5

Second, the population studies from which

parameter estimates were derived have nor been
conducted for a sufficiently long period to
capture temporal variation. If one considers 2. as
an average rare of change over the study period,
then three years is insufficient to adequately

estimate2. from bothbiological andstatistical
perspectives.Third, ratesof changeestimated
throughoccupancyprovide little informationon
how Mexicanspottedowl populationsare
changingfor the reasonsstatedpreviously
However, theanalysisdoesillustratewhy ratesof
populationchangeusingoccupancyare inad-
equatefor estimating trendsin Mexicanspotted
owl populations.If nothingelse,we believethe
analyticalproceduresandframeworkthatwe
have usedthroughoutthissectionshould pro-
vide atemplatefor futureresearchas well as
indicate priorities for future research efforts.

changes can be causedby change in survival rates
or change in reproduction, or both. The current
monitoring programonly examinesreproduc-
tion. Occupancyrate andpair persistenceare
logically flawedapproximationsto survival.
Thus,with thecurrentmonitoringsystem,
drastic changesin theowl population could
occurandnorbe detected;or if detected,the
currentmonitoringsystemwould noryield the
statistical rigor necessary tosubstantiatethe
conclusionstrongly enoughto withstand the
criticismof opponentsto the suggestedfinding.
Therefore,an improvedmonitoringsystemmust
be developedfor futurework (USD1 1995).

Theoretical Problemswith Current
Monitoring Procedures

Much effort has been expended by person-
nel of FS Region 3 in collecting the monitoring

data summarized here. Unfortunately the
monitoring effort was inadequate for detecting

Important changes in the population dynamics
of the Mexican spotted owl because the appro-
priareparameterswere not measured.

The primary goal of the monitoring pro-

gram should be the detection of significant

changes inpopulationlevelsof the owl. Such
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Figure 2.2. Changesin occupancyof formal andinformal monitoringterritories in the FS Region3
monitoring database.
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CHAPTER 3: Landscape Analysis
and Metapopulation Structure
Tim Keitt, Alan Franklin, andDean Urban

Unlike the northernspottedowl (see
Thomasem al. 1990), the range-widepopulation
of the Mexican sportedowl is naturallyfrag-
mented intogeographicallydistinctsubpopula-
mions.Thus far, we have discussedpopulationsat
thelocal scalewithin RecoveryUnits where
individualswithin subpopularionsinteractto
somedegree.Understanding populationstruc-
ture atlargerscalesis important,eventhough
dataare extremelylimited am thesescalesfor the
Mexicanspottedowl. Hanski andGilpin (1991)
identified two additionalscalesbeyondthelocal
scale:(1) a metapopulationscalewhereindividu-
als infrequentlymove between subpopularions
andtypically crossunsuitablehabitatto reachan
adjacentsubpopulamion,and (2) ageographical
scalewhere individualshave little likelihood of
moving tomost portionsof the geographicrange
of their species.By definition, memapopulamions
aresystemsof local populationsconnectedby
dispersing individuals(HanskiandGilpin
1991).The merapopularionconcepthasbeen
appliedto the conservationof northern
(Schaeffer 1985)andCalifornia (Noon and
McKelvey 1992)sportedowl populations.
However,on ageographicalscale,the rangewide
populationof Mexican sportedowls maybe
composedof a severaldiscretememapopulamions
ratherthan ofa single integrated
memapopulamion.Understandingto what degree
Mexicanspottedowl populationsfollow
memapopulariondynamicsis essential formanag-
ing thesubspecieson all threescales.

METAPOPULATION MODELS

Theoretical workhasproposedseveral
modelsof merapopularionsbased ondifferent
mechanismsfor persistence.Thesehavebeen
classifiedas the Levinsmodel,source-sink,core-
satellite,patchy andnon-equilibrium
merapopularions (Harrison 1991). An important

consideration when reviewing these models is
thatempiricalevidence forthe existenceof the

proposedmechanismsin natural populationsis
debatable(DoakandMills 1994).

The Levins Metapopulation Model

Levins(1969) first introducedthe
memapopularionconceptwith a simplemodel.
This modelincorporated threeessentialrequire-
mentsfor persistenceof a subdivided popula-
tion: (1) density-dependentdynamicsof popula-
tions, (2)asynchronousdynamicsof local
subpopulamionsin thatnor all subpopulamions
havethesamerare of changeam thesametime,
and (3) dispersalbetweensubpopulamions.
Dispersalis an essentialcomponentof this, and
all other, memapopulamionmodelsandprovides
the mechanismfor recolonizingareaswherelocal
subpopulamionshavediedour.

Source-sink and Core-satellite
Metapopulation Models

In source-sinkmodels (Pulliam 1988),
sourceareaswith self-propagating(typically
increasing)populationsprovidea flow of recruits
to sink areaswherepopulationsarenorself-
reproducing(and maybe declining).Without
the netflow of immigrantsfrom the source
areas,populationsin sinkswould norpersist.
Source-sink mechanismscan beappliedto
contiguouslydistributedpopulationswhere
habitatconditionscandictatewhethera popula-
tion segmentis a sourceor a sink. This mecha-
nism canalsobe appliedto amemapopulamionof
discretesubpopularionswherehabitator other
conditionsdictatewhethersuch an areais a
source or a sink.

The core-satellitemodel buildson the
source-sinkmodelby havinga centralcore
populationwhich actsas asourcesurroundedby
a numberof smaller sinkpopulations(Harrison
1991). Persistenceof the satellitepopulations
dependsuponthe centralsourcepopulation.
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Patchy Metapopulation Models

Patchypopulationsin thecontextof this
modelare characterizedby a high dispersal
potentialwheredispersalmakesplace on a spatial
scalegreaterthan the local eventscausingsub-
populationdynamics (Harrison1991).The
patchymerapopulamionmodelis distinguished
from the Levinsmodelin that theaverage
Individual canbelongto morethanonesub-
populationin irs lifetime (excludingirs natal
subpopulamion).The result, in effect,is awell-
mixed versionof the Levinsmodel.

Non-equilibrium Metapopulation
Model

Populationscharacterizedby this model
essentiallyfollow the same dynamicsas the
Levinsmodelexceptthat continuous
recolonizationof extinction-pronesubpopula-
tions hasbeendisrupted.Essentiallythismodel
representsmerapopulamionsin declineeven
though oneor moresubpopularionsmaybe
stable.Instability of a formerly stable
merapopulamionmayresult from factorsthat
affect oneor moresubpopulamionsor when
contiguouspopulationsare fragmentedinto
discretesubpopulamions.Thesefactors can
includenatural(e.g., fire, disease)or anthropo-
genic (e.g., logging, urbandevelopment)distur-
bances.

DISPERSAL

In all merapopulamionmodels,dispersalis a
key component.Dispersalactsas a bridge
betweensubpopulamionsam the memapopulamion
scaleto provideimmigrantsto otherwiseisolated
habitatpatches.The fare of theserecruitsde-
pendson the statusof the subpopulamion.If the
habitatparch hasbeen unoccupied, thenthe new
recruits“rescue” it from extinction. If thepatch
is nor saturated withterritorial breeders,the
recruitsmight bolsterthe breedingpopulation.
If thepatchis saturated,the new recruitsmight
persistas nonbreeding“floaters,” perhapsbuffer-
ing thepopulationagainstfuture fluctuations.

Adult andsubadultMexicanspottedowls
appearto berelativelysedentaryonce they
cometo occupya givensire. JuvenileMexican
spottedowls, however,almostalwaysdisperse
from their natalsites (Willey 1993, Hodgson
andSmacey1994, ReynoldsandJohnson1994).
If memapopulamiondynamics apply to Mexican
spottedowl populations,thesedynamicsprob-
ably hingeon theflow ofjuvenile sportedowls
betweensubpopulamions.

Dispersalof youngMexicanspottedowls is
poorly understood.Severalstudieshaveat-
temptedto examine juvenile dispersalthrough
radio-telemetry(Willey 1993, Hodgsonand
Smacey1994,ReynoldsandJohnson1994);bum
samplesizeshavebeensmall. Total distances
movedby 7 juvenilesradio-markedin Utah
(Willey 1993) rangedfrom 32 to 98 km (20-61
miles) (median= 41.8km [26 miles]). Fourof
these juvenilesmovedbackto within 8 km
(5 miles) of their natalareajust prior to the
breedingseason.HodgsonandSmacey(1994)
also reported2 juvenilesdispersingbetweenthe
SanMareoandBlack MountainRangesof New
Mexico, distancesof 45 and 58 km (28-36
miles). In addition,dispersing juvenilescrossed
largeexpansesof habitattypically considered
unsuitablefor residentspottedowls. Reynolds
andJohnson(1994) radio-marked6 juveniles,
noneof which wererelocatedbeyondtheir natal
sire.The radio-telemetrydatasuggestthat
juvenile owls havethedispersalcapability to acm
as recolonizersbetweenmany of the subpopula-
mions andto providegeneric linksbetween
subpopularions. Thusfar, noneof the radio-
markedjuveniles havebeenrecruitedinto a
resident,territorial subpopularion.

With source-sinkandcore-satellite
merapopularionmechanisms,juvenile owls from
sourceareasmustnor only reachisolated sub-
populationsbum do so in sufficient numbersto
stabilize sinkpopulations.Weexaminedstraight-
line distancesmovedby 25 juvenilesbanded
from 1991 through 1993 on the population

studyareas(CSA andGSA) which hadbeen
recapturedas territorial subadultsandadults
(R.J.Guti6rrez, D. Olsen, and M. Seamans,
Humboldt StateUniv., Arcama, CA, pers.
comm.).From these data, wegenerateda prob-
ability functionby firming anexponentialcurve
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to distancesmoved and thecumulative probabil-

ity thatjuvenileshad movedam least those
distance(Figure 3.1).This curve representsthe
probability that a juvenile will disperse am least a
given distanceandbe recruitedinto theterrito-
rial population.This curve can also be viewed in
termsof proportions. For example, about 60%
of the juveniles would be expected todisperseat
least10 km (6.2miles) andbe recruitedinto the
population.Weprovidethis informationas an
illustrationof the typeof dataneededto assess
therole of dispersal inmemapopulamiondynam-
ics. The datawe used werenordesigned to
generatesuch a curveandmaybe artificially
truncatedbecauseof lower searcheffort for
bandedrecruitsin thelargerareassurrounding
eachof thestudyareas.Such aneffect can be
responsiblefor the exponentialnatureof the
relationshipin Figure 3.1andunderestimatetrue

dispersal distances.

APPLICATION OF LANDSCAPE
ECOLOGY

Landscape ecologyis concernedwith the
development,implications,anddynamicsof
landscapepattern.We usetheterm “pattern”

generouslybum herewe areconcernedespecially
with three componentsof pattern:(1) thesize

distributionof habitatpatches; (2)the spatial
orientationof thesepatcheswith respect to each
other,that is, their juxtaposition;and (3) their
mutualdistancerelationshipsasthesemight
influencespottedowl dispersal.

With respect tomemapopulamiondynamics,
landscapeanalysisis concernedwith distance
relationshipsamong habitatpatchesasthese
might affect the relativeisolationof certain
patchesor regionsof patches withinthe owl’s
rangewherepatchesmaycorrespondto distinct
subpopularions.The issueof so-calledparch
“connecredness”is centralto currentideasabout
memapopulamiondynamics.By conventional
definition, two patchesarefunctionally con-
necredif individualscan dispersebetweenthem
with a probabilityor frequencyabovesome

minimumthresholdvalue.We will further
defineconnecrednessto incorporate parcharea
aswell as between-patchdistancerelationships

(seebelow); thus,apatchmaybe highlycon-
necredif it is nearseveralsmallpatchesor near
onelarge parch. Specifically we have twocon-
cernsaboutpatchconnecredness:

1. Canwe identify habitatpatchesthat
becauseof their areaandpositionwithin
the landscapemight play aparticularly
important role in overalllandscape
connecredness?We expectlargehabitat
patchesto beimportantin this analysis.

2. Are therehabitatpatchesthatmight be
critical to landscape connecredness
chiefly becauseof their spatial position,
thatis, despitetheir smallersize?These
might functionas dispersalconduitsor
small “steppingstones~~within the
landscape.

The goalof this setof questionsis to identify
habitatpatchesthatmight influencepatternsin
owl distributionwell beyondtheir immediate
location. In thecaseof asmallstepping-stone
patch,this importancemight be despiteirs
havingrathermodestowl populations.Thus,
critical patchesidentified in the landscape
analysismight warrantspecialconsiderationin
the RecoveryPlaneventhoughtheir local
populationsmight notelicit anyspecialconcern.

Scaleand Resolution in Landscape
Analysis

Landscapeanalysistypically connotesrather
largespatialscales.In our analyses,we have
identified two spatialscalesof interest. Ar a
smaller scale weareconcernedwith areassuch as
a singleNationalForest,a scaledefinedin large
part by administrativecriteria.Am a largerscale
we areconcernedwith the geographicrangeof
the owl as we definedit in this plan.We will
refer to thesescalesas “forest” and“rangewide.”
Importantly habitatdataavailableam these two
scalesis of very different resolution.Dataat the
forest scaleareof higherspatial resolution
(smallergrain size) andoftenof higher informa-
tion contentas well, while dataat therangewide
scaleis coarser-resolutionandmakes fewer
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Figure 3.1 Dispersal-distancerelationshipfor radio-marked juvenile sportedowls.
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distinctionsabouthabitatderails. For example,
manyforestshavedigital elevationmodels
(DEMs) with anominal resolutionof 30 m (98
ft) and habitatdata correspondingto timber-
management compartmentsresolvedon the
orderof tensof hecrares.Ar this scale,habitats
maybedefinedin termsof tree-speciescomposi-
tion, size-classdistributions,or otherdetails. By
contrast,thedatawe have availablefor
rangewideanalyseshaveaspatial resolutionof 1
km (0.62miles); habitatsam thisscalearedefined
as grosscover types(e.g.,pinyon-juniper).Data
am these twoscaleslendthemselves tothe same
analytictechniquesbum requireratherdifferent
interpretationbecauseof their differentresolu-
tion andinformationcontent.

DataAvailability

In keepingwith the foregoing discussionof
scaleand resolution,we haveattemptedto
acquiredataam two scalesandresolutionfor
landscapeanalyses.Ar a finer scale,we sought
USGS DEMs with 30-in (98 ft) resolutionand

30.0 40.0 50.0 60.0 70.0
Dispersal Distance (kin)

habitatmapsof similarspatialresolutionand
comparativelyhigh informationcontent(e.g.,
speciescomposition,size-classdistributions).We
were largely unsuccessful inthiseffort and,thus,
havebeenunableto addressquestionson spatial
aspectsof habitatuseby owls at this scale.

Ar a coarserscale,we acquiredtwo setsof
habitatdata.Bothsetswerederivedfrom
AVHRR satelliteimageryandhave a spatial
resolutionof 1 km2 (0.39 miles2). Oneset is the
EROS Land Coverclassification(Lovelandem al.
1991),which recognizes159 coverclassesacross
theconrerminousUnited States.The second
damaser isderivedfrom theEROS setbumwas
reclassifiedby the FS into a smallernumberof
recognized ForestCoverTypes(Powell et al.
1993,Zhu andEvans 1992,EvansandZhu
1993).This latter set also includesacompanion
coverageof forestdensity(percent canopycover)
derivedby resamplingtheAVHRR-baseddata
with higher-resolutionThematicMapper(TM)
imageryam 30-in (98 ft) resolutionandcorrelat-
ing thepercentof cells forestedat30-in (98 ft)
resolutionto a greennessindex (NDVI) am 1-km

10.0 20.0
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resolution(Zhu 1994).The FS hasalsocreateda
preliminaryclassificationof Mexico’s forest cover
types, based onthe sameAVHRR imagery
(Evansem al. 1992). No forestdensitycoverage
exists for Mexico am thisrime. Examinationof
thesecoveragesrevealedthat the EROS classifi-
cationincludedmoo muchderail andsome
detailsthat wererathersuspectfrom abiogeo-
graphicstandpoint,both ofwhich argued
againstirs use.The FS coveragesspanthe entire
rangeof the owl within theUnitedStaresandam
an appropriateinformationcontent(numberof
classes).For these reasons, we have elected to
baseour rangewideanalyseson the FS coverages.
Am this scale,we alsohave 1-km2 (0.39 miles2)
resolutionDEMs as providedby EROS.Because
we lackcomparabledatafor Mexico, our analy-
sesarerestrictedto theUnitedStates.

The lackof dataam higherresolution (e.g.,
30-in scale)has importantimplicationsin our
analyses,in that it precludesanalysisof those
features toofine-grainedto be resolved inthe
coarse-resolutiondatawe havebeenforced to
use.For example,the 1-km scaledatacannot
resolvesmall canyonsthat are importantto owls
in partsof Utah. Neitherdo we havedatathat
canresolvederailsaboutowl microhabitat,nor
evensubtledistinctions amongforest cover
types.As we notebelow, this lackof datadoes
nor renderour analysespointless,bum it does
emphasizethe needto repeatandcorroborate
theseanalyseswith finer-resolutiondata.On the
otherhand,our coarse-resolutionapproach
allows us toanalyzelandscapepatternover
virtually all of the owl’s rangewithin theUnited
States.

LandscapeConnectedness

Our approachderivesfrom graphtheoryand
percolationtheory (Gardnerem al. 1992) and
focuseson the so-called “radiusof gyration” of
the largestsubgraphin agraph representinga
landscapeof habitatpatches.In this, a “graph” is
a set (map)of habitatclusters,andeach“cluster”
is a collectionof grid cells that aredefinedto be
functionally connected.In practice,we define
this connectionbased on a“minimum joining
distance”such thatcells that arewithin this
distanceare functionallyconnected.The radius

of gyrationis definedas themean Euclidean
distancebetweeneachcell of a habitatcluster
andthe centroidof that cluster.Habitatclusters
are formedby specifyinga joining distanceand
thenidentifyinggroupsof cellsthat arespatially
discreteam that distancescale.As one increases
this joining distance,the habitatmapcoalesces
into increasinglylarger clustersas isolated
patchesare subsumedinto nearbyclusters.A
convenientmeansof indexingthis processis as
the radiusof thelargest cluster inthegraph.A
weightedindex for themapcan becomputedby
summingthe radiiof all clusters inthemap,
weighting eachradiusby theproportionof the
entiremap it comprises (i.e.,irs relativesize).
This weightedsumis the map’s“correlation
length” (orconnecrednesslength)andhasas
units the distanceunitsof theoriginal map. One
interpretscorrelationlengthin termsof howfar,
on average,an animalcouldtraversethe map
without strayingoff “habitat” cells into
nonhabimam.

The ultimategoal hereis nor to compute
landscapeconnectednessin itself, bum ratherto
identify thosepatches(clusters)that contribute
mostsignificantlyto overall habitatconnected-
ness.Onemeans tothis endis to estimatethe
reductionin connecrednessthatwould result if a
patchwereremovedfrom the landscape. Here,
this estimateis computedas the reductionin
correlationlengthof the landscape.These
reductionsareestimatedby systematically
removing each clusterandrecomputingthe
connectednessindex. The analysisitself proceeds
in stepsas follows:

1. Definea binary rastermapof “habitat”
versus“nonhabimam.”

2. Specify a distancethresholdam which
patchesmay join.

3. Performthe cluster-removalexperiment,
savingeach cluster’seffect on thecorrela-
tion length.

4. Normalizethis effect for each clusterby
dividing irs effect by irs moral area,and
savethis valueas well.
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The normalizationin step (4) adjuststhe
parch’seffect for irs area,which identifies those
patcheswhoseeffect on connecrednessis large
relative to their size.The result of the analysisis
a rankingof habitatpatchesin termsof the
reductionin connecrednesseachelicits, that is,
eachparch’scontributionto overall connected-
ness.

This procedureis thenrepeatedfor a range
of thresholddistances toestimatetheconse-
quencesof varyingassumptionsaboutthe
dispersal capabilitiesof owls.We used distances
from 0 to 100 km(0-62miles) in 5-km (3.1
mile) intervals.This range spansour bestempiri-
calestimateof the owl’s dispersal range,which is
on theorderof 50 km (31 miles). If thepatch
rankschangeconsiderablyam differentjoining
distances,this would suggesta needto improve
theaccuracyof our estimatesof owl dispersal
distancesso that we could tailor the analysisto
maximizeirs biological significance.

Finally theentire analysisis repeatedfor a
varietyof baselinehabitatmaps.This gives us an
estimateof how robustthe resultsare to assump-
tionsaboutwhat constitutes “potentialowl
habitat.” Ar thisspatial scaleandwith the data
available,we havelimited opportunitiesto devise
alternative definitionsof “owl habitat.” We have
devisedthreealternativehabitatmaps:

1. A mapwhereinall cells assignedas
“Douglas-fir” (i.e., mixedconifer)or
ponderosapine (including some mixed-
conifer aswell as pine-oak)cover types
are definedto bepotentialowl habitat;

2. A map includingall Douglas-firand
ponderosapinecells,plus anypinyon-
junipercells thathavegreaterthan50%
canopycoverasestimatedin the FS
ForestDensitycoverage;

3. A mapincludingall Douglas-firand
ponderosapinetypes, plusthosepinyon-
junipercells thatarewithin a 2-km (1.2
miles) buffer of Douglas-firor pine
types, i.e., pinyon-juniper nearbetter
owl habitat.

Thesealternative definitionsvary in termsof
hownarrowlyor generously“habitat” is defined.
Otherdefinitionscould certainlybe devised,and
we donor arguethat ours arethe only (noreven

thebest) possibilities. Wewill argue,however,
thatthesearesufficient to indicatewhetherour
conclusionsare robustto the definition of
habitator whetherwe needto investmoreeffort
in generating morerealisticbasehabitatmaps.

Resultsof LandscapeAnalyses

Resultsof theseanalysesprovideinsight into
two keys aspectsof habitatconnectedness:(1)
therelationshipbetweenminimumjoining
distanceandoverall connecrednessasindexedby
correlationlength; and (2) contributionsof
individual habitatpatchesto overall connected-
ness.Wepresenteachof these inturn. Because
theresultswere qualitativelysimilar for eachof
thebaselinehabitatmaps,we presenthereonly
theresults forthe mixed-conifer/ponderosapine
basemap; but we return to this issuelater in our
discussion.

LandscapeConnectednessand Minimum
Joining Distance

Correlation lengthexhibits a profoundly
nonlinearrelationshipwith minimumjoining
distancein all caseswe examined(Figure3.2).
The inflection in this relationshipillustratesthat
the landscape changesfrom beinglargely“un-
connected”to largely“connected”over anarrow
rangeof distances. Inthehabitatmaps we
analyzed,this transition occurredover distances
of 40-60 km(25-37 miles). This result varied
only slightly for alternativehabitatmaps,sug-
gestingthat thisqualitativeresult is rather robust
to thesedefinitions.

The relationshipbetween clustersize and
joining distancevariessystematicallywith the
spatial resolutionwith which habitatsarede-
fined. This can beseenmostclearly bycontrast-
ing the curve for“all clusters”of ponderosapine
andDouglas-firas comparedto the curvefor the
largest254of theseclusters(Figure3.2). Includ-
ing more(smaller) clusters shiftsthe curve to the
left, effectively joining the landscapeam closer
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distances.Presumablyif we were toincludevery
smallclustersthelandscapemight be function-
ally connectedam extremelysmalljoining dis-
tances,which is somethingof ascalingartifact.
This result doesunderscoretheneedto more
fully characterizethe habitataffinities and
dispersalbehaviorof owls. If we could limit
clustersizesand joining(dispersal)distances to
biologically reasonablevalues,thisanalysis
would bemore confidentlyfocused.

All habitatmapscoalescedinto a very few
large clustersam joining distancesof approxi-
mately60 km (37miles) or more.This indicates
that am these distances,the entire landscapeis
essentiallyconnected(Figure 3.3).Yet evenam

joining distancesof 100 km (62 miles), a few
clustersremainspatiallydiscrete,andby implica-
tion, functionallyisolatedfrom the restof the
habitatin the landscape.

Rank Patch Contributions to Connectedness

The influenceof eachpatchon overall
connecredness was rallied for only the largest

254clusters in eachmap.In fact, the maps

containedthousandsof clustersbut manywere

singlecells; so it provedto becompumamionally
impractical to computeeverycase.Patchinflu-
enceon correlation lengthwas stronglydepen-
denton joining distance: the averageinfluence
was greatestam intermediatedistancescalesand
muchlessam shorteror longerscales(Figure3.4).
To highlight influential patches spatiallywe
produceda habitatmapin which eachpatchis
color-codedaccordingto its meanrank over all
distanceclasses(Figure3.Sa).A similarmap
emphasizesparchimportanceto connecredness
am the intermediatedistancescaleof 45 km (28
miles) (Figure3.Sb).In bothmaps, “hot”colors
indicatehighly rankedpatches(thosecontribut-
ing substantiallyto landscapeconnecredness)
while “cool” colorsindicatepatchesof low rank
(thosewith little effect on connecredness).

In general,patcheffectson connectedness
dependedon patcharea,in that largepatches
hadthe greatestinfluenceon overall connected-
ness.Patch ranks,normalizedfor area,are
illustratedas averaged overall distances(fig.
3.6a) andam 45-km(28-mile) joining distance
(Figure 3.6b),usingthe samecolorschemeas in

Figure 3.5.Thesefigures emphasize theimpor-
manceof a few clusters injoining the largehabitat
block alongthe Mogollon Rim to thelarge
clusterfarther northeast.

DISCUSSION

DistanceRelationships in Landscape

Connectedness
The nonlinearrelationshipin Figure3.2

makesintuitive senseif oneenvisionstheprocess
that generatesthis relationship.Am small joining
distances, smallandnearby patchesare joined
into somewhatlarger clusters,but the landscape
still consistsmostlyof disjoint clusters.At a
particulardistance,a largesubsetof the clusters
joins into a single largecluster.Once thishas
happened, furthersmallaccretionsto thecluster
do nor changeirs total areaappreciably Froma
functionalstandpoint,these lateradditionsare
redundantlinks to an“alreadyconnected”
cluster.This same process explainswhy the
graphof averageinfluenceof patchremoval
(Figure3.4) shows apeakam theseintermediate
distanceclasses;for shorteror longer distances
thesepatchescan have littleimpacton overall
connecredness.

An importantresultof this analysisis that
the stronglynonlineardomainof this relation-
ship (i.e.,the inflection point in Figure 3.2)
coincideswith our best currentestimateof the
dispersal capabilitiesof spottedowls based on
field studies,approximately50 km (31 miles).
By implication,if owls’ dispersal rangeswere
much lessthanthis estimate(say 20 km [12
miles]) thenmuchof their naturalrangewould
be functionally unconnected(mostpatches
wouldbe isolated).Reciprocallyif owls could
dispersemuch fartherthanour currentestimate
(say 100 km [62 miles]),thenmost of the
landscapewould be functionallyconnected.
Likewise, the change inthis relationshipwith the
inclusionof more,smallerpatchessuggeststhat
owls’ useof very smallpatchesas dispersal
conduitsor steppingstonescould influencethese
results.If owls can use very smallpatches,then
the landscapemight be more connectedthanour
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Figure3.2. The relationshipbetweencorrelation lengthandminimumjoining distance.The 4 lines
illustratethe efectsof alternative definitionsof “potential owl habitat.”
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resultssuggest,presuming,of course,that such
smallpatchesexist.

The radio-telemetrydatasuggestthatjuve-

nile owls have the dispersalcapability to provide
population andgeneric linksbetween subpopu-
lamions. To dame, none of the radio-marked
juveniles hasbeenrecruitedinto a resident,
territorialsubpopulamion.In attemptingto judge
whetherowl dispersalis sufficient to maintain
populationandgenericconnecredness,we are
facedwith the logisticalproblemthatecologi-
cally significantdispersaleventsmight occur
quite infrequently(1-2 pergeneration)and
would likely go unrecordedby eventhe most
intensivemonitoringprogram.Thus,our data
cansuggestthat such dispersal capabilitiesmight
exist, bum thesedatacannotprove that such
dispersalactuallyoccurs.Importantly,neither
canour lack of dataprove that such dispersal
doesnor occur.

Clearly these resultspoint to aneedfor
betterunderstandingof the dispersalbehavior
anddistancerelationshipsfor spottedowls. One
sourceof uncertaintyin our analysesis that the

clusteringis based onbooleandistancedecisions
(i.e., patchesare connectedif their distanceis
strictly within thejoining distance).But animal
dispersalis probabilistic,exhibiting some sortof
decreasingprobability with increasingdistance
(recall Figure 3.1).This distinctionexaggerates
our results relative tohow dispersalprobably
occurswith realanimals.

A secondsourceof uncertaintystemsfrom
ourlimited understandingof owl dispersal
behavior.Our analysesarebased onassumptions
about “reachability” with the tacit assumption
beingthat if habitatis reachable intermsof
absolute distance,thenowls canandwill disperse
there.Bum therearemanyplausible reasonswhy
thismight notbe so(e.g.,avoidance behavior,
excessivemortalityduringdispersal); so it
remainsthatwe needto temperour interpreta-
tions withadditionalconsiderationsof owl
dispersal.
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Figure3.4. Changein correlation lengthdueto cluster removalasa functionof distance,averaged
over thelargest254clusters.
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Patch Contributions to Landscape
Connectedness

Rankscoresfor patchcontributionsto
overall landscapeconnecrednessmakeintuitive
sensewhenviewed as landscapemosaics(Figures
3.5 and3.6). The ranksuncorrectedfor area
showtheexpected resultthat large clustersthat
are centrally locatedhavethehighestranks,
while small or isolated clustersare lower-ranked.
Area-normalizedranksemphasizethe positional
aspectsof patchcontributionsandFigure3.6
illustratesa few patches(in red) that seem toacm
as bridgesspanninglargerhabitatareas.Someof
these bridges arerathersmallyet could be
importantlinks in landscapeconnecredness.

An importantcaveatto bearin mind is that
theseanalysesareall based onhabitat,nor on
owl densities.Thus,sparselypopulatedhabitat
clusters inthe northernreachesof the owl’s
rangereceiveequalweight in theanalysisas
comparedto habitatscurrentlysupportingmuch
larger owlpopulations,for example,alongthe

Mogollon Rim.Thus, theclusters inColorado
thatappearimportantto connecredness(red
patchesin theupper-rightregionsof Figure 3.5)
areactuallyconnectinghabitatthat supports
essentially noowls. If habitatclusterswere
weighted accordingto present-dayowl abun-
dance,these sameanalyseswould providequite
different results.Denselypopulatedpatches
would increasein importancewhile more
sparselypopulatedpatcheswould be down-
weighted. ~~hilethis is rathereasyto anticipate
in general, suchaweightedanalysiswould
requiremuchbetterspatialinformationon owl
abundanceacrossirs rangethanthe inconsistent
coveragecurrentlyavailable.

Theseconsiderationsbearstronglyon the
ultimategoalof a conservationplan. If our goal
is to providea templatethatmight sustainowl
memapopulamionswell into thefuture, thenan
analysisweightedon “potential habitat” seems
mostappropriate. Converselya strategyto
preservecurrent populationswould seem to
arguefor an analysisheavilyweightedon
present-dayowl abundance.Our resultssuggest

0 20 40 60 80

Volume II/Chaptet3 10



--
----w--

6

I i

tw km
c

srn.lbm
.n,a

---

‘...i‘..‘Y. 4
- - - A - -

+ - - & - - i

11



,.rp.sl
.w.n



MexicanSpottedOwl RecoveryPlan

that these two strategiesmight lead toquite
different recommendations.

Importantly our rankingsof patchimpor-
tanceto overall connecrednessare based on a
simple patch-removalalgorithmin which each
patchis removedsingly from the existingland-
scape.Clearly, these resultscould be quite
different if thealgorithmprovidedfor more
complexscenariosas conditionalremovals.For
example,if patch i has alreadybeenremoved,
thentheremoval of patchj might makeon much
greaterimportance.Suchconditionalscenarios
would bemorerealistic in thesensethatland-
scapedynamicsdriven by land-usemanagement
aremime-structured(sequential),conditional,and
typically acm on multiple patchesduringany
single managementepisode. Suchcomplicated
scenariosmight beundertakenon a smallerscale
(e.g., for a National Forest) if sufficient data were

availablefor the analysis.Complicated,condi-
tional scenariosareprobablynor feasiblefor
rangewideanalyses.

Sensitivity to Habitat Definition

Two empirical biasesemerge inconsidering
alternative definitionsof what constitutes“po-
tentialowl habitat” in theseanalyses.Onebiasis
dueto the spatialscaleam which habitatpatches
areresolved.As smallerpatchesareincluded,
overall landscape connecrednessmendsto increase
solong as these smallpatchesare liberally
sprinkledacrossthe landscape.Similarly for
habitatdefinitions thatare increasingly“gener-
ous” towardowls, morepotentialowl habitat
occurs inthelandscapeandsoconnecredness
alsotendsto increase(considera map that
includessomepinyon-juniperrelative tothe
mixed-conifer/pinelandscape).Thesebiases
appearin our analysesas a resultof dataavail-
ability. If higher-resolution datawereavailable,
morepatchescouldpossiblybe delineated.Ar
thesame time,however,givenhigher-resolution
datawe could define owlhabitatmorestrin-
gentlyandthussomepatcheswould be rede-
finedas no longer usableby owls; owl habitat
would decrease inabundanceandoverall con-
nectednesswould decreaseaccordinglyThus,the
two empiricalbiasesaresomewhatcompensam-

ing. But both biases point to a need to improve
our ability to discriminateusableowl habitat
from the surroundingmatrix.

Other Uncertainties and
Considerations

A final considerationof our resultsmust
addressanyuncertaintiesor biasesthatmight
result from the algorithm itself. Onepotential
biasthatemerges can beseenin thefigures
illustratingpatchimportanceto connecredness.
Becauseour approachindexesconnecrednessas
the meansize of the largestcluster, a bias
emergeswhereby patchesthat areperipheralin
the landscape canform clusterswith a very large
radius.Thus,the importantpatchesin Figure
3.5 rendto form a ring aroundthe landscapeas a
whole,partly because thesepatchesare largebum
alsobecausetheir joining createsa clusterthat
has aradius nearlyaslargeas the entire mosaic.
This biaswould noroccurif theindex of con-
necrednesscountedtotalarea in a waythatdid
not emphasizeamong-celldistances. Forex-
ample,an index thatestimated“total connected
area” ratherthantheeffectivesize of thisarea
mightyield a slightlydifferentestimateof patch
importance.Unfortunatelysuch indices have
provento becompuramionallyunfeasible thusfar.
We continueto explorealternative algorithms
for indexinghabitatconnecredness.

CONCLUSIONS

Applicationof merapopulariontheory to the
Mexicanspottedowl is ratherspeculative, given

our limited understandingof within-population
dynamicsmuchless between-populationdynam-
ics. If merapopulamionmodels actuallyrepresent
realisticabstractionsof real-worldprocesses,then
a numberof differentmemapopulamionmodels
mayapplyto differentgeographicregionswithin
the rangeof the Mexicanspottedowl. For
example,onecould envision a core-satellite
modelapplyingto the southernportionof the
Mexicansportedowl rangewith the UpperGila
RU actingas a core sourcepopulationwith the
smallersurroundingmountainranges inBasin
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andRange- WestandColoradoPlateauRUs
acting as satellite sinks. On the other hand, the

Sky Islandmountainranges insouthernArizona
could also follow the classicmemapopulamion
dynamicsproposedby Levins(1969).A number
of differentscenarioscould be envisioned,
which, unfortunatelywe cannotcorroborate
easilyempirically The distributionof geographi-
cally isolatedsubpopulamions,however,suggests
that someform of interactionbetweenthese
subpopulamionsis plausible.Clearly intensive,
long-termstudiesover largeareaswill be re-
quired to understandthe structureanddynamics
of Mexicanspottedowl populationat these large
scales.

Althoughthe landscapeanalysesareexplor-
atory some generalconclusionscan still be
drawnfrom the results.These conclusions
concernapparentconnecrednessof various
regionsof the owl’s rangeandtherelative impor-
tance toparticularhabitatclusters to overall
landscapeconnectedness.

Regardlessof theunderlyinghabitatmap
used inanalyses,resultsconsistentlyshow a few
regionsthatappearfunctionallyisolatedam
intermediatejoining distancessimilar to the
dispersal rangeof owls. For example,large blocks
of southernUtah persistas discretehabitat
clustersam joining distancesof 40 kin (25 miles);
the Lincoln NationalForestalsoappearsisolated
am this spatialscale.We might test the hypothesis
that thesesubpopulamionsarediscrete, possibly
by exploringgenericsimilaritiesbetweenthese
andmorecentral(connected)populationssuch
as thosealongthe Mogollon Rim. Likewise,
basicpopulationanalysesof thesepopulations
mightalso indicatetheir degreeof functional
connecredness.For example,spatial
disconrinuiriesin populationdensity,agestruc-
ture,or otherparametersmight suggestthat
thesepopulationsdo nor interactto thesame
extentas other,more contiguous populations.

The relativeimportanceof individual habitat
patches,whenuncorrectedfor parcharea,
suggeststhe intuitive approachof protecting
thosepatchesthat currentlysupportthe highest
owl densities, suchasalongtheMogollon Rim.
Bum our resultsalsoindicateahighimportance
for patches farthernorth in the owl’s range,

patcheswhich currentlydo nor supportappre-
ciable owlpopulations.Our reactionto this
resultdependsin part on whetherour goalis to
preservepresent-day populationsor to protect
the capability for populationsto expandin the
future. The discrepancybetweenthese two
strategiesis mostpronouncedin the northern
reachesof theowl’s currentrange.

Correctingcluster importancefor area
indicatesthe contribution,per unit area,of each
of thehabitatclusters.This correctionsuggests
thatwhile the clusteralongthe Mogollon Rim is
crucial to overall connectedness,the many stands
makingup this cluster arenor so importanton
an individualbasis.Thus, thisclusterwould
likely continueto playan importantrole in the
landscapesolong as its internal continuityis
maintained,which would require reiteratingour
analyseson afiner spatialscaleandresolutionas
managementof this regionproceeds.Conversely
a few clusters emergeas being moreimportant
per unit areathantheir uncorrected importance
wouldsuggest, suchas the stepping-stones
evidentin Figure 3.6 asred patches.Such
patcheswarrantspecialattentionin landuse
planningbecauseof their potentialto affect
regional populationsdespitetheir small size and
perhapsmodestowl populations.Especially
thesepatches shouldbe afocusof monitoring
efforts sothat their useby owls can beassessed.
Note thatthesepatchestypically would notbe
targetedin field studiesfor the simplereason
that theywould norappear tosupportlarge owl
populations.

Finally weshouldemphasizethatthese
results areexploratoryandthereforesubjectto
corroboration.One form of verification could
comevia analysesof owl subpopulamionsacross
the region.Merapopulariontheorysuggeststhat
isolatedhabitats shouldshowhigheryear-to-year
variability in population densitythanwould
better-connectedpatches,which wouldbe better
subsidizedby dispersal.A secondform of cor-
roborationwould entailanalysessimilar to ours
bum usingalternativeindicesof connecredness
andalternativedefinitionsof suitable owlhabi-
tat. Especiallywe would like to seetheseanalyses
repeatedwith higher-resolutionhabitatdata
capableof resolvingthethose featuresmost
importantto owls. In anycase,it is clearthatwe
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need to invest much moreeffort towarddefining
the dispersal capabilitiesandbehaviorof the
sported owl acrossirs range.

In closing, wewould like to revisit the
rationalethat underliesour somewhattheoreti-
cal, habitat-basedapproach.While it might be
appealingto invokeanalysesthatrely on owl
populationdata, we were forced to acceptam the
beginningthatwe lackedadequatedatafor such
an analysisacrosstheowl’s range.Similarly
detailedpopulationmodelssuchas thosedevel-
opedfor the northernowl areappealingbecause
of their biological richness;bumwe clearly lack
the datato paramemerizesuchamodelfor the
Mexican sportedowl. We seeboth thesepopula-
tion-basedapproachesas a usefuladjunct to our
approach,but onethatwe cannot support
empiricallywith data currentlyavailable.Instead,
we developedanapproachthat makesvery few
assumptionsaboutowl biology, andwe tested
our results todeterminewhetherviolation of
theseassumptionswould changeour results
substantiallyOur approachwas to useasgener-
ous adefinition of owl habitatas possiblegiven
our data;our major conclusionsseem largely
unaffectedby alternative definitionsof habitat,
althoughthis needs to be verifiedwith finer-
resolamiondata.The otherimportantassumption
we madewas thatowls have adispersal-distance
relationship such that dispersal probability
decreases with increasing distance, and that their
averagedispersal is in the neighborhood of 50

km or so (i.e., nor « 10 kin, and nor» 100
km). Within this domain, our results are also

robust. Thus, while there remain a number of
questions still to be resolved concerning land-
scape-scale patterns and owl merapopulamions,
the results wepresenthereare a usefuland valid
first approximation.
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CHAPTER 4: Habitat Relationships of the
Mexican Spotted Owl: Current Knowledge

JosephL. GaneyandJamesL. Dick, Jr.

The Mexicanspottedowl was listedas
threatenedprimarily dueto concernsover lossof
habitat(USD1 1993). Consequentlyunder-
standingthehabitatrelationshipsof the Mexican
sportedowl is critical to developing sound
managementplans forthisspecies.Here,we
summarizeboth recentandhistorical informa-
tion on habitatrelationshipsof Mexicanspotted
owls. Becausemosthistoricalinformationon the
owl’s habitatcontainslittle quantitativeinforma-
tion, we rely mainly on recent information
(1985 - presentmime).

Our primaryobjectives inthis treatmentare
to: (1) evaluate and describe patterns of habitat
use byMexicansported owls; (2) evaluate and
describepatternsof habitatselection by Mexican
sportedowls; (3) identify specifichabitatsor
habitatcomponentsthatappearto beparticu-
larly importantto theowl; and(4) identify areas
wherefurther informationon habitatrelation-
shipsof thisowl are mostneeded.We use the
termshabitat,habitatuse,and habitatselection
asdefinedby Block andBrennan(1993).Thus,
habitatas used here refersto “the subsetof
physicalenvironmentalfactorsthat a species
requiresfor irs survival andreproduction”(Block
andBrennan1993:36).Habitatuserefersto “the
mannerin which a speciesuses acollectionof
environmental componentsto meetlife requi-
sires”, and habitatselectionrefersto “dispropor-
tional useof environmentalconditions” (Block
andBrennan1993:38).

Patternsof habitatuse evaluatedhereare
largely descriptive.We evaluatedpatternsof
habitatselection bycomparinguseof vegetation
typesor specifichabitatcomponentsto the
occurrenceof thosetypes or components.
Ecological patternsandprocessesvarywith
spatial scale (Urban et al. 1987, O’Neill et al.
1988,Turner1989), however,andconsidering
patternsof resource useam only onescalecan
yield misleadingresults(Porterand Church
1987,OriansandWimmenberger1991, Blockand
Brennan 1993). Therefore, we used a number of

data sources, both published and unpublished,

to examinehabitatuseand/orselectionam five
spatialscales.Ar somescaleswe couldevaluate
habitatselection,whereasatotherswe could
only describepatternsof habitatuse.Scales
examinedaredescribedbelow, arrayedfrom
coarsest to finestscale:

1. Landscapescale- habitatuseacrossthe
entire rangeof the Mexican sportedowl.

2. Home-rangescale- patternsof habitat
usewithin owl homerangesas defined
by locations of radio-ragged owls.

3. Standscale- useof relativelyhomoge-

neousunits of forestvegetationwithin
owl homeranges.

4. Site scale - habitatuseproximateto nest,
roost,and foragingsites.

5. Tree scale- useof individual roostand
nesttrees.

In somecases,we reanalyzed existingdata

sets toprovidemoredetailed informationor to
explore differentquestionsthanthoseaskedby
original investigators.Methodsvariedamong
studies,andwill be discussed inconjunction
with the specificdataexamined.Someof the
datausedwere from ongoing studies,andsome

of theanalysesare preliminaryTherefore,while
the information presented here represents the

current state of knowledge on habitat relation-
ships of Mexicanspottedowls,we cautionthat
additional trendsmayemergewith furtherdata
collection andanalysis.
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PATTERNS OF HABITAT USE AT
THE LANDSCAPE SCALE

Literature Review

Availablehistoricalinformationon habitat
use byMexican sportedowls in Arizonaand
New Mexico was reviewedin Johnsonand
Johnson(1985), Ganey (1988), Ganeyem al.
(1988),andSkaggs(1988),andsummarized
acrosstherangeof theowl in McDonald em al.
(1991).Mostreportsof Mexicanspottedowls in
bothpopular andtechnicalliteratureareanec-

dotal and containlittle derailedinformation.
Thesereportswere typically resultsof faunal
surveys that reported areaswheretheyfound
species. As such, they wereneither systematic
nor completesamples,andare thusbiased
towardsthe few placeswherespottedowls were
located.While thesereports providesome
informationon areaswhereowls were located,
theyshouldnor be viewedasthe ultimateword
on habitats used by spotted owls.

With thesecautionsin mind, the general

picture thatemergesis that owls occurredin
habitats rangingfrom low elevationriparian
forests (Bendire 1892, Phillips em al. 1964, and
possibly Woodhouse 1853:63) to high elevation
coniferousforests,bumweremostcommonin

high elevationconiferousandmixed coniferous-
broadleavedforests,often in canyons.In perhaps
the mostdetailedhistoricalaccountof the
Mexicanspottedowl, Ligon (1926:422)de-
scribed its typicalhauntsas“deep, narrow,
timberedcanyonswheretherearealwayscool
shadyplaces.”

Severalrecentstudiesdescribehabitatsused
by Mexican sportedowls. For example,Kermell
(1977),Rinkevich(1991),andWilley (1992)
reportedon habitats occupied by Mexican
spottedowls in southernUtah (ColoradoPlateau
RU). All reportedthat owls weretypically found
in narrow,steep-walledcanyons,andall sug-
gestedthatdistributionwas restrictedby the
availabilityof suchcanyons.Reynolds(1993)
also reported finding owls only in “steep-walled,
deeply-cutcanyonscharacterizedor dominated
by exposed rockyslopesandtiersof rockcliffs”
in Colorado(ColoradoPlateauandSouthern

MexicanSpottedOwl RecoveryPlan

RockyMountains-ColoradoRecoveryUnits; see
USD1 1995 for discussion of specific Recovery

Units [RUs]within the rangeof the Mexican
sportedowl).

GaneyandBalda(1 989a)recordedcover
typeat 55 roost sitesin northernArizona, of
which 53 were locatedin the UpperGila Moun-
tainsRU. Of these,92.4%werelocatedin
mixed-coniferforest.The remaining7.6%were
classifiedas ponderosapine, bummorelikely were
in ponderosapine-Gambeloakforest.Mostwere
locatedin steep canyons or onmonmaneslopes.
Also in this RU, SeamansandGumi6rrez (in
press) recorded cover type at 79 roostand 28
nestsiresin theTularosaMountains,New
Mexico. Theseowls roostedandnestedprimarily
in mixed-coniferforestscontainingan oak
component,usually onthe lower third of north-
facing slopes(Seainansand Gumi~rrezin press:
fig. 1).

In the Basin and Range-West RU, Ganey

andBalda (1989a)recordedcovertypeam 64
roost sires.Most werein mixed-conifer(48.4%)
or Madrean pine-oak (29.7%)forest,with
14.1% in encinal(evergreenoak), and7.8% in
ponderosapineforest.Am 19 roost and/or nest

siresobservedby Duncan andTaiz (1992) inthis
RU, 31.6%werein mixed-coniferforest, 31.6%
in Madrean pine-oakforest,26.3%in Arizona
cypressforest,and10.5% in encinal. Inboth
studies, mostowls wereobservedin inonmane
canyons.

Skaggs and Raitt (1988) surveyed 42,105 ha

(104,000acres)in theBasin andRange-East
RU. Surveyareas weredivided into 18 plotsof
23.3-km2 (9-mi2) prior to survey with all plots

classifiedby the dominantforesttypewithin the
plot (6 each in mixed-conifer,ponderosapine,or

pinyon-juniper).They found33 occupiedsites;
72.7% in mixed-conifer,18.2% in ponderosa

pine,and9.1%in pinyon-juniper.Even in plots
classifiedasponderosapine orpinyon-juniper,

the owls typically roosmedin pocketsof mixed-
conifer forest (RogerSkaggs,New Mexico State
Univ., Las Cruces,NM, pets.comm.).Kroel
(199 1:39) also noted that owls in this RU
roosmedprimarily (79% of observedroosms)in
mixed-coniferforest, with limited useof ponde-
rosa pineforestand pinyon-juniperwoodland
(14 and4% of all roosms,respectively).
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Little recentinformationexists regarding
habitat use by spotted owls in Mexico. However,
Tarango em al. (1994) reportedfinding Mexican

sported owls in isolated patches of pine-oak
forest in steep canyons inthe SierraMadre
Occidenmal-Norre.

With regard toall of the abovestudies,it is

important to note thatdefinitionsof covertypes
mayhave varied slightlyamongobservers,and
we cannot be certain that cover types are com-
pletely consistent with definitions used in this
Plan.

RecoveryTeam Analysisof Recent
Inventory Data

Recentinventoriesby land management
agencies,particularlythe U. S. ForestService
(FS), havegeneratedconsiderableinformation
on owl locationsandhabitatsused. Weused this
informationto evaluate useof vegetation(or
cover) typesacrosstherangeof thesubspecies.
Crewsvisited FS District andSupervisorsoffices,

collaredinventoryandmonitoringdatafrom
1990 (when survey efforts were standardized
throughouttheRegion) to 1993 (when these
datawere collated), and entered the information
gatheredinto a database.Thesesamecrewsalso

collated records from the NPS, BLM, Tribal
lands,Statewildlife agencies,Form Huachuca

Military Reservation,andindependentresearch-
ers inboth the UnitedStatesandMexico for the
samemime period.Thus,we attemptedto gather

all existinginformationon current distribution
andhabitatuseof theMexicanspottedowl
acrossirs range.

Vegetationtypeam nestor roostsiteswas
entered directlyfrom field dataforms,with types

generallycorrespondingto Serieslevel designa-
mionsdescribed inBrown em al. (1980).We could
nor assessthe accuracy orconsistencyof habitat
classificationacrosstherangeof the owl. All
locationsfor which vegetationtypeinformation
was missing orambiguouswereomittedfrom
analysis.

We usedonly visualobservations(suchas

birds am roost andnestsites) to assesshabitatuse

becausehabitat cannotbe determinedfor distant
owlsheard am night. Most roost or nestlocations

enteredin thisdatabasecould nor be assignedto
a particular“managementterritory” As a result,
we areuncertainhow manyuniquepairsof owls
wererepresented,or howmanyroost ornest
siresmight representa singlepair. This poten-
tially serious lack of independence in the data
renderedstatisticalcomparisonsamongRUs or

betweenroost andnestsitesmeaningless.There-

fore, we simply presentsummariesof vegetation

typesusedfor roosmingandnestingby Recovery
Unit. We could nor comparehabitatusewith
habitatoccurrenceam this scale,becauseof the
problemsdiscussedaboveregardinglack of

independence,because nogeographicalinforma-

tion system(GIS) coveragewas availabledocu-

menringareassurveyed,andbecause wewere
unableto obtaina rangewide vegetationtype
coverage.The closestwe could come toa
rangewide vegetation typecoveragecoveredonly

the U. S. portionof the rangeof theMexican
sported owl, and had a minimum resolution of 1
km2 (Keirm em al. 1995).This scaleis nor appro-
priamefor evaluatingroostand nestsires,which
require amuch finer scaleof resolution.

Mexicanspottedowls used a varietyof
vegetationtypesacrosstheir range (Table 4.1).
Although therangeof vegetationtypes used
variedamongRUs, mixed-coniferforest was
heavily usedin most RUs. In contrast,encinal

was usedonly in the Basin andRange-West,and
pine-oakforest was usedprimarily in the Basin
andRange-WestandSierra MadreOccidental-
Norre.The pine-oakforest found in these RUsis
Madreanin affinity anddiffers in bothspecies
compositionand habitatstructurefrom the
ponderosapine-Gambeloakforest found in
other RUs (Brownem al. 1980,Ganeyem al.
1992). Ponderosa pineforestwasusedrarely and

pinyon-juniperwoodlandwasusedprimarily by

owls in the ColoradoPlateau.Riparianforest
was used inseveralRUs, bum am relatively low
levels.

We could nor statisticallycompareRUs
becauseof the problemsdiscussedabove.Based
on discussionswith researchersand managers

familiar with local situations,however,we
believethat the observeddifferences inpatterns
of habitatuseamongRUsare both real and

ecologically important.
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Table 4.1. Percentof nest (toprow) androost (bottomrow) sitesin various vegetationtypesin differentRecoveryUnits. Basedon analysisof inventory
andmonitoring data collected since 1990.Vegetationrvpcs follow Seriesin Brown etal. (1980).

VegetationType

Evergreen Mixed- Pinyon
RecoveryUnit N oak conifer juniper Pine-oak1 Pine2 Riparian3 Other4

Colorado Plateau 8 75.0 25.0

22 77.3 18.2 4.5

S. RockyMountains- 9 88.9 11.1
New Mexico 70 98.6 1.4

Upper Gila 185 88.6 3.2 1.6 0.5 5.9
Mountains 653 86.7 5.2 1.5 0.5 6.1

Basin and 74 68.9 28.4 2.7

Range-West 165 5.5 49.1 0.6 35.8 1.2 4.8 3.0

Basin and 70 100.0

Range-East 328 92.1 0.3 0.3 2.4 4.9

Sierra Madre 1 100.0
Occidental - Norte 17 5.9 29.4 35.3 23.5 5.9

Includessires tint might betterhe classifiedas oak-pinein the Basin andRange-V7estRecoveryUnit and SierraN4adreOccidental- Norre.
Ponderosapine exceptin SierraMadre Occidental— Nurre. wherea varietyofother pine rypesarerepresented.

Includesall broadleaveddeciduousriparianhure~ttypes.
Contains spruce-hr. Arizonacypress,and unknownother vegetation wpes.
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PATTERNS OF HABITAT USE AT
THE HOME-RANGE SCALE

Home-RangeSize

Severalstudies haveexaminedhome-range
size and/orhabitatusewithin homerangesof
radio-taggedMexicanspottedowls. Minimum
convexpolygon(MCP; Mohr 1947) and95%
adaptive kernel(AK; Wormon 1989, where
possible)estimatesof home-rangesize from these
studiesare presentedin Table 4.2. Estimatesare
presentedseparately foreachstudyarea.Home-
rangesize appearedto vary considerablyamong
studyareas,evenwithin a restricted geographic
area(Table4.2). For example,Zwank em al.
(1994) found thathome-rangesize differed
significantlybetweentwo drainages inthe
SacramentoMountains,New Mexico. Ranges
were smaller inthe Rio Penascowatershed(n = S
owls), wheremixed-coniferforest comprised65-
86% of homeranges,thanin the SixteenSprings
watershed(n = 4 owls), wheremixed-conifer
forest comprisedonly 6-42%of homeranges,
with mostof the remainderconsistingof ponde-
rosa pineforest andpinyon-juniperwoodland
(Zwank et al. 1994: table 1). Similarly Ganey
andBalda(1989b) observedlarge differences in
home-rangesize amongowls on theSanFran-
cisco Peaksandin Walnut Canyon. Although
theseareasare separatedby only approximately
16 km (10 mi), habitatcompositiondiffers
betweenthe two areas(GaneyandBalda 1994:
table 3).Theseresultssuggestthathome-range
size of Mexican sportedowls mayvaryamong
cover types.However, smallnumbersof owls
trackedin all studies,aswell as differences in
samplingintervalsandseasonscoveredlimit our
ability to make comparisonsamongstudyareas.
Consequentlywe cautionthat thesenumbers
representgeneralestimatesof areasusedby
sportedowls, andas such donor supportsweep-
ing generalizationsaboutdifferencesbetween
areasand/orcover types.

Sizeof Activity Centers

Gumi&rez em al. (1992) suggestedthat the
smallestareaencompassing50% of nocturnal

foraging locations (the 50% adaptive kernel)

could define a foraging activity center.Because
of thegreatvariability in availableestimatesof
home-range size for Mexican spotted owls, we

took a more conservative approach and defineda
nocturnal activity center based on the area

enclosed by the adaptive kernel contour encom-
passing 75%of foraging locations. This activity

centerwasdefinedonly for territorieswhere
both pair members were radio-ragged. In gen-
eral, owls appeared to forage primarily within a
relatively smallportionof the homerange,
suggestinghigh concentrationof activity (Table
4.3). This pattern appeared to hold regardless of
RUor study area (bum see above cautions regard-
ing comparisons among studies).

Habitat Composition and Use

Threestudiesquantifiedhabitatcomposition
within MCP homerangesof radio-raggedowls
(Willey 1993,GaneyandBalda1994,Zwankem
al. 1994). Homeranges were most variable in
termsof vegetationtypes in the Colorado
PlateauRU, encompassingtypesrangingfrom
mixed-coniferforest tomountainshruband
grassland (Willey1993: table4). Homeranges
were dominatedby mixed-coniferandponderosa
pine forests in the Upper Gila Mountains RU

(Ganey and Balda 1994), andby mixed-conifer
forest,ponderosapineforest,and pinyon-juniper
woodlandin the Basin andRange-EastRU
(Zwankem al. 1994).

Ganey and Balda (1994) compared use of
vegetation types by foraging, radio-ragged owls

to the area of those types within the MCPhome
range (a measure of relative availability), using
chi-square tests and Bonferroni confidence
intervals(Neu em al. 1974,Byersem al. 1984).

This comparisoninvolved eight owlsrepresent-
ing five pairs onthreestudyareas.

Observed patterns of habitat use by foraging
owls were complex. In relationto areaof differ-
ent forest typeswithin their homeranges,all
individual owls used forest typesnonrandoinly
All forest typeswere usedby foragingowls. In
general,individualowls foraged significantly
more than or as expected in unlogged forests and
significantly lessthanor as expected inselec-
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Table4.2. Home-rangesizes(ha) of radio-markedMexicanspottedowls. Parr Ashows rangesof pairswith both membersradio-tagged;part B shows
rangesfor individual owls. Study areasrepresentmesic mixed-coniferforest on theSanFranciscoPeaks (SFP),White Mountains(WM), andSacramento
Mountains(SM-MC); a mixtureof mixed-conifer,ponderosapine, andxeric pinyon-juniperin the SacramentoMountains(SM-XE); a rocky canyon
(Walnut Canyon,WC); ponderosapine-Gambeloakforest near Bar-MCanyon (BMC);ruggedcanyonswith mixed forestsin theSan MareoMountains
(SANMAT); a mixtureof mesicmixed-coniferforest andpinyon-juniperin rocky canyonsalong ElkRidge(MANTI) andin Zion National Park (ZION);
andxeric pinyon-juniperin rocky canyons inCapitol ReefandCanyonlandsNational Parks(CNP). Shownare the means(±SD) for 10000 minimum
convex polygon(MCI~) and 9500 adaptive kernel(950oAK) estimates.

RecoveryUnit

Pair Home Ranges

Number of Number of Months
Study Area MCP 95% AK Pairs Locations Tracked

Upper Gila Mountains

SFP1 1081 ± 70 892± 50 2 409 ± 139 11± 4

WC’ 381 283 1 439 14

BMC2 1551 ± 505 997 ± 493 7 401 ± 157 20 ± 11

Basin and Range-East

SM-MG3 956 ± 172 2 324 ± 71 9± 1

SM-MG2 573 ± 25 281 ± 136 2 458 ± 110 12 ± 0

SM-XE3 1401 ± 322 2 253 ± 54 7± 0

SM-XE2 694 ± 98 377± 29 2 598 ± 76 12± 0



Table 4.2. (continued)

RecoveryUnit

Individual Home Ranges

Number of Number of Months
Study Area MCP 95% AK Owls Locations Tracked

Colorado Plateau

ZION~ 924 ± 192 878 ± 220 4 150 ± 48 12 ± 2

CNP4 1487 ± 568 1637 ±665 2 175 ± 3 14± 0

MANTI4 1080 ± 289 1006 ± 144 5 130 ± 45 12 ± 2

Upper Gila Mountains

SFP1 882 ± 194 885 ± 209 4 205 ± 58 8± 5

WM1 586 ± 176 530 ± 162 2 174 ± 4 12± 0

WC’ 327 ± 60 262 ± 80 2 220 ± 26 12± 0

BMC2 1053 ± 502 841 ± 407 13 201 ± 81 16±10

SANMAT5 261 ± 167 4 <8?

Basin and Range - East

SM-MG3 586 ± 340 5 150 ± 38 8± 2

SM-MG2 452 ± 137 254 ± 105 5 275 ± 14 12± 0

SM-XE3 937 ± 391 4 126 ± 29 5± 2

SM-XE2 901 ± 469 661 ± 484 6 339 ± 41 12 ± 1

Recalculatedfrom Ganev (1 988).

— Gancy and Block. unpublished data.

Rcc~1lctIIa[ed FromKroel (1991).

D.W. \VilL&v. unpublisheddata.

Pctci Siaccv.univ. of Nevada,Reno.per~. comm.



Table 4.3. Size(mean ±standarddeviation)of nocturnalactivity centersof radio-taggedpairsof Mexcansportedowls in the UpperGila Mountainsand
Basin andRange-EastRecoveiy units. Activity centersdefinedas the areaincludedin the adaptivekernel contourenclosing75% of owl foraging locations.

Upper Gila Mountains Basin and Range-East

San
Francisco

Peaks’
Walnut
Canyon’

Bar-M
Canyon2

Sacramento
Mountains-mesic2

Sacramento
Mountains- xeric2

n 2 1 7 2 2

No. of locations 392 ±132 351 226 ± 94 150 ± 29 165 ± 61

75% contour(ha) 353 ±139 116 353 ± 182 70 ± 9 174 ± 33

Recaicnla~edFrom datain Ganey (1988).

GaneN’ and Block, onpobI sheddata
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rively logged forest types (Table 4.4). This

comparisonis overly simplistic,however.Both
loggedandunloggedforestscontaineda wide
rangeof standstructures.Someloggedstands
were used for foraging,andsomeunlogged
stands werenor used. Inaddition,two of the
unloggedforest types(virgin mixed-conifer
forest on rockyslopesandponderosa pine-oak-
juniper forest)werefoundprimarily on rocky
slopes interspersed with significant rock outcrops
andcliffs, andowls appearedto forage in these
rocky areasas well asin theforest (Ganeyand
Balda(1994:165).Thus,thesefindings do nor
indicate that all unlogged stands provide suitable

foragingconditions and thatall loggedstands do
nor. Rather,they suggest that patterns of habitat
useby foraging owls are complex and nor ame-
nable to simplistic explanations. Ar this mime, we
cannotexplainwhy someloggedforestsare used
andothersare nor.

Differences inpatternsof habitatuseamong
and within study areas also suggest that patterns

of habitat use for foraging are complex. Use of

particularforest typessometimesvariedconsider-
ably amongindividual owlswithin a studyarea
(Table4.4), andevenbetweenmembersof a
mated pair (Ganey and Balda 1994: table 3). In

short, thereis considerable variabilityin patterns
of habitatuse forforaging.As a result, itis
difficult to generalizeaboutpatternsof habitat
selection by foraging owls based on currently-

available data.
In contrast to the variable patterns observed

among foraging owls, patterns of habitat use by

roosmingowls were relativelyconsistentamong
studyareasandindividual owls. Habitatuse for
roosringwas norcomparedstatistically tohabitat
occurrencebecauseof small samplesizesfor
someindividual owls. All owls roosredprimarily
in unlogged mixed-conifer forests, bum some

used unlogged ponderosa pine forest as well

(GaneyandBalda 1994; table 3). Very little
roosming occurred in logged stands, particularly

duringthe breedingseason.

SeasonalMovements

Most Mexicanspottedowls appearto remain
in the same general areathroughoutthe year,
whereasothersmigratein winter, usually to
lower elevations.Year-roundresidentsoftenuse
larger rangesduring the nonbreedingseason
than during the breeding season (Kroel 1991,
Willey 1993,GaneyandBlock unpublished
data),andthereappearto be shifts in useof area
and habitat for some owls (Ganey and Balda
1989b,Kroel 1991,Willey 1993,Ganeyand
Block unpublisheddata).No quantitativeresults
areyet availablethatdescribewintering habitats
usedby owls remainingin the same area

throughoutthe year.
Most samplesof Mexicanspottedowls

studied using radiomeleinerry appear to have
some individuals who are either migratory or
nomadicin winter, bum this generallyrepresents a
minority of thepopulation.For example,Willey
(1993:15) reported that two of 11(18.2%)
radio-raggedowls on the ColoradoPlateauRU
migrated during winter. Both apparently left the

breeding area during October and returned
duringFebruaryOnemovedup in elevation to
winter in coniferous forest,whereastheother
winteredin mountainshrubhabitat.Both owls
moved20-25km between breedingseason
rangesandwinter ranges.

In the Upper Gila Mountains RU, two of

eight owls (25%) in onestudy(GaneyandBalda
1989b)and2 of 13 (15.4%) in another(Ganey
andBlock unpublisheddata)migratedduring
the winter. All left the breeding-season range
betweenNovemberandJanuary,andreturnedin
Marchor April. Wintering areasof two owls
were never located.The remainingtwo owls
migrated approximately 50 kin, from ponderosa
pine-Gambel oak forest am approximately 2290
m (7500ft) in elevation topinyon-juniper
woodlandam approximately1370 in (4490ft) in
elevation (Ganey em al. 1992, GaneyandBlock
unpublisheddata).The winteringareawas
locatedin the Basin andRange-WestRU,
providing evidence that some individuals may
move seasohallybetweenRUs.
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Table 4.4. Usc of forest typesfor Lraging by radio—taggedMexican spotredowis on threestudy areasin northernArizona.Data summarizedfrom

twy and Balda (1994).

Forest typet

Study Areas

Walnut Canyon (n=2) SanFrancisco Peaks (n=4) White Mountains (n=2)

>2 = = >

Virgin mixed-conifer forest 4 2

Virgin mixed-conifer forest on rocky
slopes

2 1 1 1

Virgin ponderosa pine forest 2 2 2 2

Virgin ponderosapine-oak-juniper
forest

2 1 1

Managed mixed-conifer forest 1 3 2

Managed ponderosapine forest 2 2 2 2

Forcsrtypesdescribedin GancvandBalda 1994). Not all forest typeswere found in all homeranges.

< indicate thatowl useof that forc~t rvpc waseither greaterthan,equalto. or less thanexpecteduse, respectively,basedon the overall ateaof that fotestrvpewithin thehome

rangesof individual owls. \‘alries shownarc numbersof owls in each category.
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In the Basin andRange-EastRU, neither
Zwank em al. (1994, n = 9 owls) nor Ganeyand
Block (unpublisheddata, n= 15 owls) observed
migrationduringthe nonbreedingseason,bum
two of eight radio-taggedowls (25%) in another
studymovedduringthe winter. These owls
moveddownslopefrom mixed-coniferforeststo
the interface betweenpinyon-juniperwoodland
anddesert scrub (RogerSkaggs,New Mexico
Stare Univ.,Las Cruces, NM; pets.comm.).

PATTERNS OF HABITAT USE AT
THE STAND SCALE

Limited data were available on habitat use by
Mexican spotted owls at the stand scale during

preparation of this Recovery Plan. Analysis of FS
datafor somenestingstandsin the UpperGila
Mountains andBasin andRange-EastRUs
suggeststhat owls typically nestin relatively
dense stands with high basal areasof live trees, a
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wide rangeof treesizes,suggesting anuneven-
agedstructure(Figure 4.1),anda large tree
component(Table 4.5). The data werealsoused
to estimatediminution quotients,or q-facmors,
for nestingstands inboth RUs (Table 4.5). This
parameteris useful inuneven-agedmanagement
of timberstands.It describestheratio of number
of trees inanydiameterclass to thenumberin
thenext-lowestdiameterclass,andthus describes
the relative shape of the diameter distribution
(Daniel em al. 1979). In both RUs, q-facmors
averaged <1.4.

PATTERNS OF HABITAT USE AT
THE SITE SCALE

Severalstudieshaveexaminedcharacteristics
of specific sires usedby Mexican sportedowls,
suchas nest androost sires.These are discussed
below,by siretype.

Figure 4.1. Diameter distributions of live trees sampled in nest stands in the Upper Gila Mountains
(UGM; n = 13 stands)andthe Basin andRange- East (BR-E; n= 44 stands)RecoveryUnits. Shownis
percentage of total live tree basal areaby 4 in (10 cm) size classes.Datafrom the FSstanddatabase.

3-7 7-1 1 11-15 15-19 19-24 24-28 28-32 32-36 > =36 in
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Table 4.5. Selectedcharacteristicsof ncst standsof Mexicanspottedowls in the UpperGila Mountains (n = 3 stands)and BasinandRange-East

(n = 44 stands)RecoveryUnirs. Data from the standdatabasesfor theApache-Sitgreaves(UpperGila Mountains) andLincoln (Basin andRange-East)

National Forests.Valuesshownare means;no estimatesof variability amongstandswereavailable.

Recovery LiveTree Basal

% of Total Basal Area by Diameter Class

Unit Area (m2/ha) Trees/ha <30.5 cm 30.6-45.5cm 45.6-61 cm >61 cm q factor’

Upper Gila
Mountains 28.1 436.5 44 25 17 14 1.33 (0.73)

Basin and
Range-East 43.2 668.9 52 26 13 9 1.37 (0.75)

1 ~ factorscalculatedincluding all trees=10 cm (4 iu) iu diameterat breastheight, groupedinro 3 cm (2 in) diameterclasses.R values for qfactorcomputationshownin parentheses.
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Nest Sites

Armstrongem al. (1994) andArizona Game
andFishDepartment(unpublished data)
sampledhabitatcharacteristicsam nest sites on

theApache-SimgreavesNationalForest,Upper
Gila MountainsRU (Table4.6). Theysampled
both tree and cliff nests, bum the majority of

nests sampled were in trees.While limited in
scope, their results suggest that owls typically
nestedin large trees inclosed-canopystands.

Ruess(1995) documentedcurrentstand
structureon 0.04-ha(0.1-ac)plots am 11 nest
and9 roost siresrepresentingan unknown
numberof owl pairs in ponderosapine-Gambel
oak forest in normhcenrral Arizona. He also
attempted to estimate what these sires would
havelookedlike in termsof forest structurein
1876,beforeeffective fire suppressionbegan in
this area, using methodsdevelopedby
Covingron and Moore (1994). With a few
exceptions, Ruess (1995) pooled roost and nest

sires when presenting data. Thus, both sire types
will be discussed together here.

Comparisons of current and estimated
presertlementconditionson thesesiressuggest
thatpronouncedincreaseshaveoccurredin tree
density, basal area, and canopy cover. Current
densityof treesabovebreastheightaveraged
1708.8± 1009.1 (SD) trees/ha (691.8 ±408.5
trees/ac),versusan estimatedpresertlement
densityof 0-225 trees/ha(0-91 trees/ac; [Ruess
1995:12, no mean presented]). Current basal
area averaged 66.7 m2/ha (290.7 ft2/ac; [Ruess
1995:12, no estimate of variability provided]),
versus an estimated average basal area of 17.8
in2/ha(77.6fm2/ac; [Ruess1995:12,no estimate
of variability provided]) circa 1876.Canopy
cover,modeledbased onprojectionof mapped
tree crowns, was estimated am 44.8 ±12.9% am
present,versus2.2 ±2.9% circa 1876 (Ruess
1995:22).Variability in speciescompositionand
structuralvariableswasrelativelyhigh for both
estimated1876conditionsandcurrentcondi-
tions.

Two detailedtreatmentsof nesting habitatof
the Mexicanspottedowl arecurrentlyavailable
(SWCA1992, Seamans and Gumidrrez in press).

Seainans and Guri&rez (in press) compared
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habitatcharacteristicsbetween27 plots (0.04ha;
0.1 ac) centered on nest trees and 27 random
plots from throughout their study area (Tularosa

Mountains,Gila NationalForest,New Mexico;
UpperGila MountainsRU).The nestplots
representednestsitesof 27 pairsof owls. Ran-
dom plots were centered on a randomly-selected
tree =27.3cm diameter am breast height (dbh),

theminimumdiameteramongthe27 nesttrees.
This was an attempt to minimize the potential
bias associated with centeringnestplots on large
treesand randomplots on treesof anysize.

Owls nested in mixed-conifer/oak forests
more than expected by chance,andin pine-oak
and pinyon-juniperforestsless thanexpected
(Seainansand Gumi6rrezin press:fig. 1). Most
nestswere locatedon the lower third of slopes,
andthe meanslope aspectam nestsireswas
northerly Nestplots differedsignificantly from
randomly-located plots within the study area for
a number of variables (Table 4.7). In a discrimi-
nant function analysis, nest plots were best

separatedfrom randomplotsby variance in tree
height, canopy closure, and basal area of mature
trees(definedas stems >45.8cm dbh); all were
greater onnestthanon randomplots (Table
4.7). Cross-validationanalysesindicatedthat the
results of the discriminant analysis were stable,
andthe discriininant function successfully

classified84.6%of a sampleof 13 owl nestsires
from othermountainrangesoutsidethe study
area (Seamans and Guridrrez in press).

SeainansandGuridrrez(in press)alsocom-
parednestplots to 27plots randomlylocated
within neststands. Nest plotsdid nordiffer
significantly from random plots within the same
stand.

SWCA (1992)sampled habitat characteris-
tics am 84 nestson FS lands inArizonaandNew
Mexico. Theysampledhabitatcharacteristics
within circular plots (0.2 ha; 0.5 ac), each
centered on and including either a nest tree, a
randomly selected tree within the neststand,or a
randomly selected tree in a stand within 0.8

km (0.5 ini) of the nest. These will be referred to
asnest,nest-stand,and random-standplots.
SWCA (1992) concludedthatowls selectednest
siresbasedprimarily on the availabilityof a
suitable nest tree. Hardwood snag basal areaand
canopycoveralsoemergedas potentiallyiinpor-
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Table 4.6. Habitatcharacteristicssampled at Mexicansportedowi nestsitcson threeRanger districts,Apache-SitgreavcsNational Forest,UpperGila
MountainsRecoveryUnit. Shownare meansandstandarderrors(in parentheses).Nestssampledwere found in trees(n = 30) oron cliffs (n 4); some
variablesarc relevant toonly oneof the twosituations.

Variable

Elevation (in)

Slope (%)

~ Nest tree dbh (cm)

Nest tree height (in)

Cliff height (in)

Nestheight in tree (in)

Nestheight on cliff (in)

Basal area (m2lha)

Canopy cover at nest (%)

Alpine (n=16)’

2,397 (59)

51.2 (5.2)

62.0 (6.1)

32.3 (2.4)

20.3 (2.8)

16.1 (1.2)

15.8 (3.8)

27.8 (2.4)

96 (0.7)

Ranger District

Chevelon (n= 12)2

2,095 (30)

50.4 (7.5)

59.4 (5.1)

30.3 (1.4)

18.3

7.9

(1.6)

88 (1.7)

Heber

2,154

37.2

63.2

26.8

(n=6)2

(34)

(5.~)

(12.2)

(4.9)

(2.8)

(16.5)

14.3

82.5

Armstronget al. (1994; n 13 treeand 3 cliff nests).
2 ArizonaGameandFish Department~unpnbIished data;n = 11 treeand1 cliff neston ChevelonRangerDistrict, 6 treenestson HeberRangerDistrict).
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Table 4.7. Habitat characteristics am Mexicansported owl nest (n = 27) andrandomlylocatedsires
(n = 27) in the TularosaMountains,New Mexico; UpperGilaMountainsRU. Shownare meansand
standard deviation(in parentheses).Datafrom SeamansandGuti6rrez(in press).

Variable

Site Type

Nest Random

Canopyclosure(%) 75.9 (14.1) 56.3 (20.4)

Treeheight(in) 20.4 (5.8) 13.9 (5.7)

Treeheightvariance 2.2 (1.0) 1.1 (1.0)

Live tree basal area(m
2/ha) 25.3 (13.2) 18.9 (10.8)

Basalareaof trees=45.58cm dbh (m2/ha) 12.4 (10.5) 4.3 (6.0)

rant factors intheir analysis.This datasetwas
reanalyzed bybothZhou (1994) andtheTeam,
usingdifferentmethods.Thesereanalysesare
discussedbelow.

Reanalysisof SWCA (1992) by Zhou (1994)

Zhou (1994) conductedthree, two-group
linear discriminantfunctionanalysesbetween
nest,nest-stand,andrandom-standplots. He
concluded(Zhou 1994:96-102) that:

1. Mexicanspottedowl neststandsdiffered
from randomly-selectedstandsin the
vicinity. Neststands typicallyhada wide
rangeof treediametersandheights,large
maximumtreediameter,andhigh tree
basalarea.Neststandsalsohadhigher
species richnessthanrandomstands.

2. Mexicanspottedowlsalso selected for
microsimeswithin neststands.Nestplots
werelocatedon steeperslopes,had
greaterlive tree basalarea,andwere more
likely to befoundon north or east
aspectsthannest-standplots.

3. Diameterandheight distributionshad
similar shapeson all threeplot types,bum
the spreadof the distributiondiffered
among plottypes.With respect to
diameter distributions,the nest andnest-
standplots hadgreaterpercentagesof
largetrees.With respect to treeheight,
nest andnest-standplotshadgreater
spreadto the distribution thanrandom-
standplots.This wider spreadsuggestsa
tendencyfor theowl to nestin multi-
storied stands, as wider spread to the

heightdistributionincreasestheprob-
ability that thestandis multi-storied.

4. Mexicanspottedowls nestedin large
trees.The meannesttreewas locatedin
the 92nddiameterpercentileandthe
79thheightpercentile.

5. The linear combinationof habitat
variableswas moresuccessfulin classify
ing habitatthanreliance oninterpreta-
tion of coefficientsfor singlevariables.
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Reanalysisof SWCA (1992)by the
RecoveryTeam

TheTeamalso reanalyzedthedata from
SWCA (1992).TheTeamwas interestedin
patternsof habitatusewithin particulargeo-
graphicregions,and in how similar nestsites
wereamongregions.This reanalysiswas re-
strictedto sites in the UpperGilaMountains
and BasinandRange-EastRUs because these
were the only RUs well representedamongnests
sampled(n = 44 and26 sires,respectively).
Becausesamplesizesweresmall, sires were
pooled amonghabitattypeswithin each RU.
Habitatcharacteristicswere firstcompared
among plottypeswithin RUs, to seeif nestsires
differedfrom neststands orlocally-available,
randomly-selectedstands.Characteristicsof nest
plots were nextcomparedbetweenRUs, to see
how similar nestinghabitatwasin different
geographicareas.

We usedchi-squarereststo evaluatediffer-
ences in treespeciescompositionbetweenplot
types (and/orRUs), andKolinogorov-Sinirnov
reststo compare diameter distributions.Because
the Kolmogorov-Smirnovrestcomparesonly
two groupsam a mime, threeseparaterests were
necessary tocompareall threeplot types.To
avoid inflating the Type Ierror rate, weparti-
tioned theerror amongthesethreecomparisons
usinga Bonferroniadjustment, andused an
alphalevelof P <0.016 for significance.

Otherhabitatvariables werecompared
amongplots or betweenRUs usingunivariame
ANOVAs. Wherethesecomparisonswere
significant, Scheffe’smultiple range testwas used
to determinewherethedifferences occurred.
Variablesincludeddiameteram breastheight
(dbh) of centertree, density(trees/ha)of live
treesandsnags>12 cm (4.7 in) dbh,basal area
(m2/ha)of live treesandsnags>12 cm dbh, and
volumeof logs (m3/ha) >12 cm inlarge-end-
diameter.Basalareawas calculatedfor each
individual tree or snag based ondbh, then
summedwithin eachplot. Log volumewas
calculatedusingdiameterandlengthmeasures,
assuminga cylindrical shape. Log volumesare
overestimated (perhapsgreatly) becausediameter
was measuredam the large end.

ComparisonsWithin RecoveryUnits.—Tree
speciescompositiondifferedsignificantly among
plot types in bothRUs. In the UpperGila
MountainsRU, nestplotscontainedgreater
proportionsof Douglas-firand Gambel oak and
lessponderosapine thandid random-standplots
(Figure4.2). In the Basin andRange-EastRU,
nest andnest-standplots containedmore white
fir andlessponderosapinethandid random-
standplots (Figure 4.2).

Diameterdistributionsin both RUswere
significantlydifferentbetweennestplots and
bothnest-standandrandom-standplots, bum
werenor significantly differentbetweennest-
standand random-standplots. Nest plotstypi-
cally hadlower proportionsof basal area inthe
smallest size classes than did random-stand plots
(Figure4.3). In general, basal areawasmore
evenlydistributedacrosssize classesin nest
standsthanin randomstands, suggesting atrend
towarduneven-agedstands.This trendwasmore
evidentin the Basin andRange-EastRU thanin
the UpperGila MountainsRU. Groupingof
treesinto four diameterclasses,representing
“young,” “mid-aged,” “mature,” and “old” trees
(USDA ForestService1993), also indicatesthat
nestplotscontainedrelativelyfewer trees in the
smallestsize classandmoretrees inthe largest
two size classesthanotherplots (Table4.8a,b;
notethatthesecomparisonsrefer topercentages
of total trees,nor to absolutenumbers).In both
RUs, nesttreesweresignificantly larger
(P <0.0001) thanrandomly-selectedtrees(Table
4.8). Only 2.4%of 21,951treesandsnags
sampledhada dbh=61.4cm (24.2 in), the
meandiameterfor nesttrees.

In the UpperGila MountainsRU, plot types
differedsignificantly in snagdensity
(P <0.0001), snagbasalarea(P = 0.0003),live
treebasalarea(P <0.0001), and log volume
(P = 0.0006),but norin live treedensity
(P = 0.30). For snagdensity,nestplots differed
from bothnest-standand random-standplots;
andnest-standplots also differedfrom random-
standplots. For snag basalarea,nestplotsand
nest-standplots differedfrom random-stand
plots, bum not from eachother.For live tree basal
area,nestplots differed from bothnest-stand
and random-standplots, bumwe foundno
differencebetweenthelatter two plot types. For
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Figure 4.2a. Tree speciescomposition within nest-and random-stand plots.Data reanalyzedfrom
SWCA (1992).UpperGila MountainsRecoveryUnit (n = 44 sires).
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Figure 4.2b. Basin andRange-EastRecoveryUnit (n = 26 sites).
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NEST PLOT
• NESTSTANDPLOT
• RANDOMSTANDPLOT

~Iu

Figure 4.3. Diameterdistributionsof live treessampledon nest,neststand,and randomstandplots.
Shownis percentageof total live treebasalareaby 4 in (10 cm)size classesfor (a) UpperGilaMoun-
tains, and (b) Basin andRange-East.Datareanalyzedfrom SWCA (1992).
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Table 4.8a. Habitatcharacteristicssampledat44 Mexicanspottedowl nestsitesin the UpperGila
MountainsRecoveryUnit, aswell as at randomlylocatedplots within the neststandandin a randomly
selectedstandwithin 0.5 mi of the nestsite. Datareanalyzed fromSWCA (1992).Valuesshownare
mean(±standarddeviation).

Variable

Plot Type

NestPlot Nest-stand Plot
Random-stand

Plot

Center tree dbh (cm) 60.6”

(25.6) (16.9) 327b

(10.2)

Log volume (m
3/ha) 97.8”

(58.6)
947
(64.7)

54.6b
(45.6)

Canopy closure (%) 90.8

(9.0)

87.4
(12.2)

68.4
(18.2)

Trees/ha (> 12 cm dbh) 445.2”
(175.4)

447.2’

(209.8)

360.8’

(200.9)

Snags/ha(> 12 cm dbh) 63.9’
(40.5) 44•0b

(30.4)

17.6c
(21.2)

Live tree basal area (m
2/ha) 30.0”

(10.4) 247b

(10.6) (8.4)

Snag basal area (m
2/ha) 4.1~

(3.4)
3.2’

(2.8) 16b

(2.1)

Trees < 30.5cm dbh (%) 72.9 76.8 77.8

Trees30.5-46cmdbh(%) 17.7 16.5 15.9

Trees46-61 cmdbh (%) 5.9 4.1 4.3

Trees>61 cmdbh(%) 3.5 2.6 1.9

a.b.c Plot valuesfollowed by the sameletter do not diffet significantly. Canopyclosutenot tested,tepottedfot

infotmationalpurposesonly.

log volume,bothnestplotsandnest-standplots
differedfrom random-standplots, but not from
eachother(Table

4.8a).
Of the five characteristicsdiscussedabove,

only live tree basal areaandlog volume differed
significantly(P = 0.0121and 0.0061,respec-
tively) betweenplot types in the Basin and
Range-EastRU (all otherPvalues>0.05).Both
variablesdifferedonly betweennestplots and
random-standplots, not betweennestplotsand
nest-standplots orbetweennest-standand
random-standplots (Table4.8b).

ComparisonsBetweenRecoveryUnits.—Species
compositionof nestsitesdifferedsignificantly
betweenRUs (AT2 = 1669,df= 4, P<0.00001).
Nestsitesin the BasinandRange-EastRU were
dominatedby white fir andDouglas-fir, those in
the UpperGilaMountainsRU by ponderosa
pine, Douglas-fir,andGambeloak(Figure 4.2).
Diameterdistributionsalsodiffered between
RUs in comparisonsof nestplots (Figure 4.3).
No differenceswere foundbetween RUsfor nest
treedbh, live tree basal area ordensity,snagbasal
area ordensity,or log volume.
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Table 4.8b. Habitat characteristics sampled at 26 Mexicanspottedowl nestsites in the Basinand
Range-EastRecoveryUnit, as well as atrandomlylocatedplots within the neststandandin a ran-
domly selectedstandwithin 0.5mi of the nestsite. Datareanalyzedfrom SWCA(1992).Values
shownaremean(±standarddeviation).

Variable

Plot Type

Nest Plot Nest-standPlot
Random-stand

Plot

Center tree dbh (cm) 62.3a
(27.8) (15.4) (15.5)

Log volume (m3/ha) 120.3a
(97.0) 787~,b

(40.9) (54.1)

Canopyclosure (%) 89.1
(12.6)

90.0
(9.2)

77.9

(20.8)

Trees/ha(> 12 cm dbh) 400.3”
(147.6)

507.0”
(177.3)

424.0”
(197.4)

Snags/ha(>12 cm dbh) 55.Oa
(34.3)

51.5”
(38.9)

47.61

(43.1)

Live tree basal area (m
2/ha) 29.4d

(12.3) 285a,b

(8.8) (10.1)

Snagbasal area(m
2/ha) 4.4”

(4.0)
2.4”

(2.5)
2.8’

(3.2)

Trees < 30.5 cm dbh (%) 72.9 75.8 77.7

Trees 30.5-46cm dbh (%) 16.3 17.3 16.0

Trees46-61 cm dbh (%) 6.2 4.2 4.6

Trees>6lcmdbh(%) 4.6 2.8 1.8

Plot valuesfollowed by the samelettet do not differ significantly. Canopyclosurenot tested,teporredfot

informationalpurposesonly.

Roost sites

Manystudies have describedcharacteristics
of roost sites.Someof thesedescriptionsare

basedon plot-level sampling,whereas othersare

based onsamplingof microsites (suchas an
individual tree). Microsite descriptionswill be

discussedunder“Patternsof HabitatUse at the
Treescale”; plot-level dataarediscussedbelow.

In mostof the studiesdescribedhere,the
numberof plots measuredexceeded thenumber
of owls studied.Thus, these plotscannotbe
consideredtotally independentsamples,and
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apparentlevelsof significancemaybe inflated
(Hurlbert 1984). Inmostcases,significance
levelsare sohigh thatwe believepseudoreplica-
tion is not a majorproblem.This is further
suggested by the factthat resultsarecomparable
betweenthese studiesandanother(Seamansand
Guti&rez in press)thatdid not involve pseu-
doreplication(seebelow).

Rinkevich(1991;seealsoRinkevichand
Guri&rez in review) andWilley (1993) sampled
habitatcharacteristicswithin roost-centered
circularplotsof 0.04 ha (0.1 ac) eachwithin the
Colorado PlateauRU. All roost siteswere
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locatedin narrowgorgesand/orcanyons.
Rinkevich(1991) useddiscriminantfunction
analysisto compareowl roost sitesto randomly
locatedsitesin Zion National Park, Utah.Owl
siteshadhigher absolutehumidity, morevegeta-
tion strata,narrowercanyonwidth, andhigher
percent groundlitter thanrandomsites
(RinkevichandGuti&rez in review). Shealso
comparedrandomlylocatedplots (n 54)
within canyonswhereowls wereheardto plots
(n = 44) within canyonswhereowls werenot
heard.Canyonsoccupiedby owls hadhigher
humidity andsnag basal areathancanyons
whereowls werenot heard(Rinkevichand
Guti&rez in review).The numberof plots in
theseanalysesis greaterthanthe numberof owls
(or canyons inthe secondanalysis),which is
unknown.

Willey (1993) sampledhabitatcharacteristics
on 129 plots representingroost sitesof 14 radio-
taggedowls on threestudyareasin southern
Utah. Habitatfeaturesat roost sites werecom-
paredto characteristics measuredat 30-50
randompointsscatteredwithin eachhomerange
(Willey 1993:10).Sevenvariableswere analyzed
usingdiscriminantfunctionanalysis(Willey
1993:10).Temperature,slope,vegetationcanopy
cover,andnumberof ledgesandfir treesdis-
criminatedbetween roostingplots andrandom
plots (Willey 1993: table 5).Univariateanalyses
providedsimilar results, suggestingthat “owls
usednarrow canyonroostscharacterizedby cool
daytimetemperatures,steepslopes,andrelatively
denseoverheadcover. Rooststypically possessed
large trees injuxtaposition withcavesandledges,
providinga morecomplexhabitat architecture
thanthe surroundinghabitat” (Willey 1993:16).
The numberof plotsalso exceededthenumber
of owls in this study.

Ganey (1988,seealso GaneyandBalda
1994) sampledhabitatcharacteristicson 167
circularplots (0.04ha; 0.1ac) within four owl
homeranges(definedusingthe MCP method)
in the UpperGila MountainsRU. Plotsrepre-
sented high-use roostingandforagingsites, and
randomly-selectedsiteswithin owl ranges.This
studyalsohadmoreplotsthanowls. In addition,
roost plots werealwaystree-centered,whereas
only some foragingand randomly-selectedplots
weretree-centered.This could create a positive

bias fortree-relatedvariables,suchas tree den-
sity, treebasal area,andcanopycover, on roost
plots.

Plot typewas misclassified33% of the time
in a3-groupdiscriminant functionanalysis
(Ganey1988; all classification rates refer to
jackknifedclassification).Most misclassification
occurred between foragingandroosringsites.
Two-groupanalyseshadhigher ratesof success-
ful classificationandwereeasierto interpret.The
functionthat resultedin maximumseparationof
roostingandforagingsitescorrectlyclassified
76% of the sites. Variablesenteringtheequation
werecanopyclosureandsnags/ha;bothwere
greateron roosringsites (Table4.9). A compari-
sonof foragingandrandomsites resultedin
84% successfulclassification.Variablesentering
thediscriminantfunctionweretotal basal area
andbig down logs/ha (definedas logs >30.5 cm
[12.0 in] in diameter);bothweregreater on
foragingsites. Comparingroostingand random
sites,90% of all sites weresuccessfullyclassified.
Variablesenteringthediscriminantfunction
weretotal basalarea,snags/ha,canopyclosure,
andbig down logs/ha;all were greater onroost-
ing sites.

Using datafrom the plots sampledby Ganey
(1988), theTeamconductedKolmogorov-
Smirnovtests ondiameter distributionsas
describedundernestsites (seeabove).We found
no difference indiameter distributionsbetween
roostingsitesandeither foraging orrandom
sites. Diameterdistributionswere significantly
differentbetweenforaging andrandomsites.In
general, foragingsiteshadfewer small treesand
moretrees in the largestsize classesthanrandom
sites (Table4.9). Again, note thattheseare
relativecomparisons,andrefer to percentagesof
total treesratherthanto absolutenumbersof
trees.

SeamansandGuri~rrez (inpress)compared
habitatcharacteristicssampledon 0.04-ha(0.1-
ac) circular plotsat78 roostsitesand71 random
sites,TularosaMountains,UpperGila Moun-
tains RU. Roost plots werecenteredon the roost
tree (oneplot eachfrom 78 separateowls), and
randomplotswere centeredon randomly-
selected treesthroughoutthestudy area.Owls
roostedin mixed-conifer/oakforest morethan
expectedby chance,andin pine-oakforest and
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Table 4.9. Habitatcharacteristicssampledon 0.04 ha ((I). ac) circular plotswithin homerangesof radio—taggedMexican sportedowls inhabiting
mixed—conift~randponderosapineforests,northernArizona (UpperGila MountainsReeoverx’Unit). Dara from Ganevand Balda (1994); n six
owls occupyingfour homeranges.Shownare meansandstandarddeviations(in parentheses).

Variable

Small down logs/ha (< 30.5 cm diam)

Big down logs/ha (=30.5 cm diam)

Canopy closure (%)

Trees/ha (> 10 cm dbh)

Snags/ha(> 10 cm dbh)

~i Tree basal area (m2/ha)

Snag basalarea (m2/ha)

Trees < 30.5 cm dbh (%)

Trees 30.5 - 46 cm dbh (%)

Trees 46- 61 cm dbh (%)

Trees =61cm dbh (%)

Foraging (n=66)

116.8 (97.0)

83.5 (579)

67.2 (10.9)

646.7 (288.0)

55.0 (48.2)

47.5 (13.5)

6.4 (7.1)

69.1

16.7

9.2

4.9

Plot Type

Roosting (n=33)

148.2 (95.7)

122.8 (66.1)

79.1 (5.2)

812.9 (334.3)

97.3 (66.8)

52.3 (16.4)

8.9 (8.2)

71.5

18.2

6.9

3.3

Random (n~68)

96.3 (86.1)

47.9 (46.3)

51.7 (18.8)

445.3 (277.0)

22.5 (30.1)

29.9 (14.0)

2.4 (3.7)

73.6

14.7

6.9

4.8
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Table 4.10. Habitatcharacteristicsat Mexicanspottedowl roost (n = 78) andrandomsitesin the

TularosaMountains,NewMexico; UpperGilaMountainsRU. Shownare meansandstandard
deviations (inparenthesis).Datafrom SeamansandGuti&rez (in press).

Variable

Site Type

Roost Random

Canopy closure (%) 85.2 (9.9) 50.6 (22.4)

Treeheight(m) 19.0 (4.3) 11.9 (5.4)

Tree height variance 2.2 (1.4) 1.1 (1.0)

Live tree basal area (m2/ha) 31.7 (14.2) 19.8 (11.8)

Basalareaoftrees=45.8cmdbh 9.0 (7.9) 3.7 (5.6)
(m2/ha)

pinyon-juniperwoodlandless thanexpected.
Most roosts werelocatedon the lower third on
slopes.Roostsitesdifferedsignificantly from
randomplots for severalvariables(Table 4.10).
Roostsiteswerebestseparatedfrom random
sites in a discriminantfunctionanalysisby
canopyclosureandheightvariance;bothwere
greater on roostthanon randomsites. Cross-
validation analysesindicatedthatthediscrimi-
nantanalysisresults were stable (Seamansand
Gutkrrezin press).

A. HodgsonandP Staceyalsoevaluated
roost sitesin the UpperGila MountainsRU
(PeterStacey,Univ. of Nevada,Reno,NV; pers.
comm.).Theycomparedhabitatcharacteristics
sampledon 0.04-ha(0.1-ac)circularplots
between55 roost sitesand69 randomsitesin
the SanMateoMountains,New Mexico (the
numberof plotsis also greaterthanthe number
of owls in this study). Owlstypically roostedin
or nearcanyonbottoms,in relatively dense
standsof mixed-coniferforest containingsignifi-
cantly moreDouglas-fir, Gambeloak, and
limber pine thanrandomsites. Deciduoustrees
accountedfor >28%of total basal areaand
>50%of total treedensity.Roosttrees averaged
31 cm (11.6in) dbh, with mostroostingoccur-
ring in Douglas-fir (54%)or Gambel oak(21%).

In a secondcomparison,Hodgsonand
Staceyrestrictedtheir analysisto roostand
randomsitesin mixed-coniferforest (n= 55 and
36, respectively).Within this forest type,roost

sitescontainedgreaterdensitiesand basal areas
of Gambel oak andlower densitiesandbasal
areasof conifersthanrandomsites. Differences
betweenroostand randomsites weregenerally
greatestwith respect to treesfrom 15-30 cm
(5.9-11.8in) dbh. Roostsiteshadgreaterdensi-
ties of deciduoustreesandlower densitiesof
coniferoustree inthis size-classthanrandom
plotswithin mixed-coniferforest (PeterStacey,
Univ. of Nevada,Reno,NV; pers. comm.).

Tarangoet al. (1994)sampledsevenroost
sitesin Chihuahua,Mexico (SierraMadre
Occidental-NorteRU), using0.04-ha(0.1-ac)
circularplots. Roostswere typically locatedin
multi-layeredpine-oakforestson the lower
portionsof north-facingslopes.Oaksdominated
mostroost sitesby density,comprising46.6%of
the treespresent,on average(Tarangoet al.
1994:1).

Foraging Sites

The only availabledataon foragingsites
comefrom Ganey(1988) andGaneyandBalda
(1994),discussedabove. Relativeto random
sites, foragingsiteswithin owl homerangeshad
greatertotal basalareasandmorebig down logs/
ha (Table4.9). Relativeto roostingsites, forag-
ing siteshad lower canopyclosureandfewer
snags/ha(Table 4.9). In adiscriminant function
analysis,foragingsites werenot as readilydistin-
guishedfrom randomsitesas roostingsitesand
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werealso morevariablealonga discriminant
functionaxis (Ganey1988,fig. 12). Both of
these resultssuggestgreater variability in forag-
ing habitatthanin roosting habitat,consistent
with resultsat thehome-rangescale(Ganeyand
Balda 1994).As notedabovefor roostingsites,
foragingsitessampledin thisstudyrepresented
intensively usedhabitat andprobablydo not
representthefull rangeof conditionsused for
foraging.

PATTERNS OF HABITAT USE
AT ATREESCALE

Severalstudieshaveexaminedcharacteristics
of treesandothermicrosites,suchas cliff ledges
or caves,used byowls for nestingor roosting.
This informationis primarily descriptive,and
with theexceptionof SWCA (1992),Ruess
(1995), andSeamansandGuri6rrez(in press)
providesno basisfor comparingusedandavail-
able trees.

NestTrees

Nest treeswere described,with varyinglevels
of detail, bySWCA (1992),Armstrongetal.
(1994), FletcherandHollis (1994),Ruess
(1995),SeamansandGuti~rrez(in press),and
Arizona GameandFishDepartment(unpub-
lished data).All of thesestudieswereconducted
on FS lands inArizonaandNew Mexico, and
somenestsmaybe representedin =2studies.

SWCA (1992) sampled84 nesttrees;81%
wereconifersand 19% werehardwoods.Fifty
percentof all nestswere in Douglas-firtrees,
with 20% and19% occurringin Gambel oak
andwhite fir, respectively(SWCA 1992:17).
Eight percent(n = 7) of all nestsoccurredin
snags;five of these(57%)wereGambel oak
snags(SWCA 1992:17).

Nest trees averaged63.3cm (24.9in) dbh,
andrangedfrom 17-127cm (6.7-50.0in;
SWCA 1992).Nest structuresin living oaktrees
(n — 14 17%) were locatedeither in abroken
top (n = 3) or a side cavity (n= 11). Nest struc-
tures in live conifersincludedbrokentop cavities
(n = 5), old raprornests(n = 14), witches
brooms(n = 25), stickplatformson “bayonet

limbs” (n = 12),stick nestsin a multiple-topped
tree (n = 4), anda squirrelnest(n = 1). All snag
nestswereeitherbrokentop (n = 5), or cavity
(n = 3), and onesnagcontainedbothnesttypes
(SWCA 1992:21).

Nest trees were significantlymorelikely to
haveadeformedcrown thanrandomly-selected
trees(SWCA 1992:30),although 65%of all nest
treeshada normalcrown form.Typesof de-
formedcrown includedbrokentop (19%),
multiple top (5%), deadtop (10%),anddying
top (1%). Thesepercentagesarebased on81
nesttrees,with threeunaccountedfor (SWCA
1992: table 9).

FletcherandHollis (1994) reportedon
microsirecharacteristicsof 248nestslocated
duringFS inventoryandmonitoringactivities
throughoutArizonaandNew Mexico. It is
impossibleto tell how manydifferentpairsof
owls these nests represent,andsomeof these
sitesmayalsobe includedin samples discussed
elsewhere(SWCA 1992,Ruess1995, Seamans
andGuri&rez in press).Furthermore,not all
nestscould be assigned to aparticularRecovery
Unit, limiting regionalanalyses.Therefore,we
simply summarizesome generalpatternsresult-
ing from thisdataset. Inmanycases,thenum-
berspresentedherewere recalculatedfrom
summary datain FletcherandHollis (1994). In
thosecasesthepage orfigure numberwherethe
datawerefound is cited. Samplesizesvary
amongvaluesreported,becausenot all variables
weresampledat eachsite.

Of the 248 nestssampled,90.3and9.7%
were in treesandcliffs, respectively(Fletcherand
Hollis 1994: fig. 28). Most nestsfell within a
fairly narrowelevationalband,with 72% falling
between1982and2287 m (6500-7500ft),
85.4%falling between1982 and2591 m(6500-
8500 ft), and95.5%falling between1829 and
2591 m(6000-8500fr), respectively(Fletcher
andHollis 1994: fig. 29). Forty-threepercentof
the cliff nests werefoundbelow1982 m(6500
fr).

Almost 50% of 236 nestswhereaspectwas
recordedwere locatedon north or northeast
aspects(FletcherandHollis 1994:48).Slope
averaged 44±40 (SD)%,with 34.5%of all
nestsfound on slopes>40% (FletcherandHollis
1994:49).Almost half of all nestswere located
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on thelower third of slopes,with the remainder
split almostevenlybetween middleandupper
slopes(FletcherandHollis 1994: fig. 50).
Roughly50% of the nests onupperslopeswere
cliff nestsor nestsin Gambel oak(Fletcherand
Hollis 1994: fig. 50).

Dominantcover typesrecordedat 237 nest
siteswere: 80.2%mixed-conifer, 15.2%pine-
oak,2.1%ponderosapine, 1.7% riparian,and
0.8% other(FletcherandHollis 1994: fig. 35).
Of224 tree nests,57%were in Douglas-fir, 16%
in Gambeloak, 13% inwhite fir, 9% in ponde-
rosapine,and5% in otherspecies(Fletcherand
Hollis 1994: fig 40).

Nest treediameterwas recordedat 204 nest
sites.Trees< 15.2cm (<6 in) in dbhaccounted
for 2% of all nests.Relative frequenciesof the
othersize classeswere: 13.7% in treesfrom 15.2-
30.5 cm (6-12 in) dbh,22.6% in treesfrom
30.5-45.7cm (12-18 in) dbh, 19.1%in trees
from 45.7-61cm (18-24 in) dbh, and42.7% in
trees>61 cm (>24 in)dbh (FletcherandHollis
1994: fig. 41). Forty-five percentof tree nests
wereclassifiedas “witches broom”, with 31.300
in cavities (including brokentops), 14.7% in
“debris platforms”,and8.9%in “other stick
nests” (FletcherandHollis 1994: fig. 36).

Six of 11 nests(54.5%)sampledby Ruess
(1995:fig 7) were inGambeloak,with the
remainderin ponderosapine.Ruess(1995) did
not report meandiametersfor nesttrees,but
found four nests(36.4%) in treesof
presettlementorigin (>115 yrs in age)despite
the fact thatsuch treesaccountedfor only 0.500
of total trees on hisstudyarea(Ruess1995: table
3, fig. 7).

SeamansandGuti&rez (in press)reported
78% of 27 nestsin Douglas-fir, 11% inwhite fir,
7% in ponderosapine,and4% in southwestern
white pine.With respect toneststructure,6lOo

were locatedin dwarfmistletoe infections,
10.5%in old sqtiirrel nests,10.50oin old raptor
nests,7% in debriscollections,7% in tree
cavities,and one nest(4%, n = 28 nestsfor these
calculations)was on acliff. Nest trees averaged
60.6 ±22.4 cm (23.9 ± 17.6 in) in dbhand
164 ±44.8yearsin age. Nesttrees weresignifi-
cantly largerandolder thanrandomlysampled
treeswithin the nestvicinity (Seamansand
Guti&rez in press).

Roost Trees

Severalresearchershavedescribedcharacter-
istics of roost treesanda very small areaaround
them.Resultsaresummarizedby studyareaand
RU, wherepossible, in Table4.11. In general,
roost characteristicsappearedto berelatively
variableamongstudyareas(Table4.11), suggest-
ing thatgreater variabilityexistsamongroost
treesthanamongtrees used fornesting.Canopy
closurewasmoreconsistentamongstudyareas
thanmostothercharacteristics sampled,andwas
relativelyhigh on moststudyareas.Canopy
closurewas <65% on only onestudyarea
(Canyonlands,ColoradoPlateauRU, Table
4.lla). This mayreflect the fact that>85%of
the roostsitessampledon thatstudyareawere
locatedon cliffs or in pinyon-juniperwoodland
(Table 4.1la).

Roosttreecharacteristicsappearedto be
relatively similaramongsimilar habitattypes.
For example,meanroost treediameterwas more
consistentamongthe mesicmixed-conifersites
(San FranciscoPeaks,WhiteMountains, and
Sacramento Mountains:mixed-conifer)than
betweenthesesitesandotherareas.Similarly,
characteristicsweremoresimilaramongthe
morexeric sites(SacramentoMountains:xeric
mixed forest andBar-M watershed)thanbe-
tween theseandotherareas(Table 4.11). One
clearpatternthat emergesfrom thesestudiesis
that owls roost in smaller trees, on average, than
those used fornesting.Ruess(1995:fig. 7),
however,notedthat threeof nineroosts ob-
served inponderosapine-Gambeloakforest
were >115 yrs old, despite the fact that only

0.5%of all treessampledin theareawereof
such age (Ruess 1995: Table 3). This suggests
that old, large treesmayalsobe importantfor
roostingin someareas.

FletcherandHollis (1994) reportedsum-
marycharacteristicssampledat 433roost sites
located during FS inventory and monitoring

efforts in ArizonaandNew Mexico. This sample
is discussed separatelyherebecause roostsites
could not generally be assigned to particular

RUs, aswas donefor thedatasetssummarizedin
Table 4. 11. This data set is subject to all the
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Table4.1 la. Selectedcharacteristicsof roost sitesusedby radio-taggedMexcanspottedowls in the
ColoradoPlateauRecoveryUnit. Valuesshownare means(±standarddeviation) for continuous
variables,% for categoricalvariables.Source: D.W. Willey (unpublisheddata).

Study Area

Canyonlands (n=12 Mann LaSal Zion Natl Park
owls, 37 roosts) (n=12 owls, 35 (n=18 owls, 57

Variable roosts) roosts)

Elevation (in) 1,644 (114) 2,070 (181) 1,820 (180)
Roost tree dbh (cm) 28 (9) 43 (12) 32 (9)
Roost tree height (in) 7 (3) 21 (11) 12 (8)
Canopy closure (%) 45 (5) 72 (3) 65 (3)
Aspect

E 8.1 31.4 21.1

S 46.0 22.9 28.1

W 8.1 11.4 19.3

N 37.8 34.3 31.6

Cover type

Mixed-conifer 5.4 91.4 79.0
Ponderosa pine 7.0
Mixed-broadleaf 8.1
Pinyon-juniper 67.6 8.6 1.7
Slickrock 18.9 12.3

Perch type

Tree 62.2 65.7 64.9
Snag 2.7 2.9 7.0
cliff 13.5 11.4 12.3
Cave 18.9 14.3 14.0
Other 2.7 5.7 1.8

Tree species

Douglas-fir 65.3 53.8
Ponderosa pine 18.0
Whitefir 12.8
Pinyon pine 79.2 2.6
Box-eLder/maple 16.7 26.9 12.8
Utahjuniper 4.2 7.7
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Table 4.1lb. Selectedcharacteristicsof roost sitesusedby radio-taggedMexicanspottedowls in the
UpperGila MountainsRecovetyUnit. Valuesshownaremean(±standarddeviation)for continuous
variables, %for categoricalvariables.

Study Area

San Francisco Walnut White Bar-M
Peaks (n=4 Canyon Mountains (n=2 Watershed

owls, 66 (n=2 owls, owls,16 (n=13 owls,
Variable roosts)’ 36 roosts)’ roosts)1 458 roosts)2

Elevation (in) 2,519 (83) 2,048 (50) 2,361 (111) 2,168 (86)
Slope (%) 47 (22) 117 (71) 52 (26) 17 (6)
Roost tree dbh (cm) 41 (19) 27 (6) 43 (18) 32 (4)
Roost tree height (in) 17 (5) 13 (3) 23 (10) 16 (1)
Overstory height (in) 21 (2)
Canopy closure (%) 79 (7) 75 (9) 78 (8) 69 (7)
Aspect

E 40 27 13 12 (15)

5 32 0 12 28 (15)
W 9 6 31 40 (20)
N 19 67 44 20 (12)

Cover type

Mixed-conifrr 89 47 100
Ponderosa pine 11 2 (2)
Pine-oak 98 (2)
Mixed-broadleaf 53
Pinyon-juniper

Perch type

Tree 100 67 100 99 (3)

Snag 1 (3)
CI& 22
Cave 11

Tree Species

Douglas-fir 44 63 56
Ponderosa pine 30 8 13 85 (13)
White fir 24 19
Gambel oak 15 (13)
Box-elder 29
Other 2 12

Slopeposition

Upperthird 35 24 6 40 (27)
Middle third 32 38 36 (16)
Lower third &

canyon bottom 33 76 56 24 (15)
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Table 4.1ic. Selectedcharacteristicsof roost sitesused byradio-taggedMexicanspottedowls in the
Basin andEast-RangeRecoveryUnit. Valuesshownaremean(±standarddeviation) for continuous
variables,% for categoricalvariables.

Study Area

Sacramento Sacramento Sacramento Sacramento
Mountains: Mountains: Mountains: Mountains:
mixed conifer mixed conifer xeric mixed xeric mixed
(n=5 owls, (n=8 owls, forest (n=4 owis, forest (n=7 owls,

Variable 156 roosts)3 374 roosts)2 174 roosts)3 372 roosts)2

Elevation (in) 2,566 (56) 2,272 (104)
Slope (%) 21 (9) 35 (7) 23 (10) 35 (5)
Roost tree dbh (cm) 43 (8) 29 (2)
Roosttreeheight(m) 23 (9) 21 (3) 16 (6) 15 (1)
Overstory height (in) 28 (1) 21 (1)
Canopy closure (%) 83 (15) 76 (3) 75 (10) 68 (3)
Aspect

E 49 (25) 32 (14)
S 21 (15) 5 (4)
W 4 (4) 6 (6)
N 27 (29) 56 (19)

Cover type
Mixed-conifer 88 97 (8) 87 (7)
Ponderosapine 3 (4)
Pine-oak 8 (7)
Pinyon-juniper 3 (4)
Other 3 (7)

Perch type
Tree 97 (3) 96 (7)
Snag 3 (3) 3 (5)
CI& 1 (3)
Cave

Treespecies
Douglas-fir 65 40 (18) 43 59 (12)
Ponderosa pine 4 2 (3) 38 15 (6)
White fir 23 35(17) 6 4 (9)
Gambel oak 14 (4) 11 (8)
Box-elder
Other 8 9 (11) 13 12 (9)

Slope position
Upper third 14 (7) 18 (11)
Middle third 24 (9) 22 (9)
Lower third &

canyon bottom 62 (16) 60 (13)

Ganey(1988).

2 GaneyandBlock (unpublisheddata). Characretisricsfirst averagedfot individual owls, then averagedacrossowls.

Valuesreportedfor categoricalvariablesare meansand SD of percentages forindividual owls.
Zwanket al. (1994).
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limitations discussed relative tonestsites (see
above) describedby FletcherandHollis (1994).

Ninety-fivepercentof all roostswere in
trees,with the remainderon cliffs or in caves
(FletcherandHollis 1994: fig. 42). Percentslope
averaged 46±34%,with 45% of all roost sites
occurringon slopes>40% (FletcherandHollis
1994: fig. 46). Most (57%)of these roostsites
werefoundon the lowerthird of slopes(Fletcher
andHollis 1994: fig 47).

Of 367 roost siteswherecover typewas
recorded,65.7%were in mixed-conifer,27.2%
in pine-oak,2.7%in riparian,1.4%in ponde-
rosapine,and3.0%in othercovertypes
(FletcherandHollis 1994: fig. 49).A varietyof
treesprovidedroost perches,includingDouglas-
fir (38.3%),Gambel oak(17.9%),ponderosa
pine (11.9%),white fir (11.4%),otheroak
species(8.0%),andotherspecies(12.4%;
FletcherandHollis 1994: fig. 53; n = 402).Trees
<15.2 cm (<6 in) dbhaccountedfor 8.8%of all
roosts,with 41.7,24.1, 11.1,and14.3% in trees
from 15.2-30.5,30.5-45.7,45.7-61,and>61 cm
(6-12, 12-18, 18-24, and>24 in) in dbh, respec-
tively (FletcherandHollis 1994: fig. 54).

GaneyandBlock (unpublished data)evalu-
ated seasonaldifferences in roostsite characteris-
tics in ponderosapine-Gambeloakforest (Table
4.12). Canopyclosurewas greaterat roosts used
during thebreedingseason.Owls usedGambel
oaksignificantly more oftenduringthe breeding
season,andtendedto roostmore oftenon the
upper third of slopesduringthe breedingseason
andon the middle third during the nonbreeding
season.

GaneyandBlock (unpublished data)also
reportedsomecharacteristicsof winter roosts
used by two owlsthat migratedto lower eleva-
tions (Table 4.13). Both owls roostedprimarily
in pinyon-juniperwoodland,on themiddle and
upperportions of slopes.They typically perched
low in shortjuniper trees,well hiddenby dense
foliage andnearthe centerof the tree.These
winter roostsdifferedgreatly instructureand
speciescomposition fromtypical summer
roostinghabitat.

MexicanSpoCtedOwl RecoveryPlan

WINTERING HABITAT

Presentknowledgeof wintering habitatof
Mexican spotted owls comes primarily from
radiorelemerrystudies(seePatternsof Habitat
Use at theHomeRangeScale)andopportunistic
observationsof wintering adults. Radiotelemetry
studiesindicatethatmanyowls remainon their
breedingareasthroughouttheyear,whereas
somemigrateoff of the studyarea.“X’here
wintering areasof migrantshave beenlocated,
theyare typically in lower elevationwoodlandor
scrub habitats with more open structure than

typical breedinghabitat.However,oneowl in
the ColoradoPlateauRU migratedupwards in
elevationto winter in coniferousforest (Willey
1993).

Opportunisticsightingsof spottedowls
during thewinter alsosuggestthat partof the
populationmoves tolower elevations.For
example, owls havebeensightedin lower Sabino
Canyon,outsideofTucson, Arizona,andon golf
courses in Tucson inrecentwinters(Russell
Duncan,SouthwesternField Biologists,Tucson,
AZ, pers. comm.). An adult owl banded on the

Gila NationalForest,UpperGila Mountains
RU, was recovered during winter 1995 near
Deming,NewMexico, Basin andRange-East
RU. This bird had apparently traveled approxi-
mately 160 km (100 mi) from the area where it
waslocatedduring the breedingseason,from

high-elevationforest toChihuahuandesert
(Mark Seamans,HumboldtStateUniv., Arcata,
CA, pers. comm.).

In summary,availableevidence onwintering
habitatis limited, but suggeststhat the bulk of
the owl populationis nonmigrarory.Where
migrationdoesoccur, it typically involves
movement to lower, warmer, and more open

habitats.In somecases,migrationinvolves
movementbetween adjacentRecovery Units.
Little quantitativedataexists to describetypical
wintering habitat for either migrants or year-

round residents.

DISPERSAL HABITAT

Very little is known about habitat use either

by adultsduring migrationor by juveniles
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Table 4.12. Seasonalroost site characteristicsof radio-taggedMexicanspottedowls in ponderosa
pine-Gambeloakforest,Arizona (UpperGila MountainsRecoveryUnit). Datafrom Ganeyand
Block (unpublished).Valuesshownaremean(±SD) for continuousvariables,% for categoricalvari-
ables.

Season

Variable

Elevation (in)

Slope (%)

Roost tree dbh (cm)

Roost tree height (in)

Canopy closurei

Cover type

Breeding (Mar-
Sep; n=13 owls,

206 roosts)

2,144 (114)

18 (13)

32 (14)

15 (7)

79 (16)

Nonbreeding (Oct-
Feb; n=13 owls,

252 roosts)

2,158 (83)

16 (11)

31 (11)

16 (6)

67 (18)

Ponderosapine

Pine-oak

Treespecies

Ponderosapine

Gambeloak

Slope position2

Upper third

Middle third

Lower third

Aspect

E

S

w

N

1

99

62

38

46

24

30

12

19

42

27

Variablediffers significantly (P < 0.05)betweenseasons,basedon t-tesr.
2 Variablediffers significantly (P < 0.05) betweenseasons,basedon chi-squaretest.
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Table 4.13. Characteristicsof roost sites used by twomigrantMexicanspottedowls on their winter
range.Bothowls bredin ponderosapine-Gambeloakforest in the UpperGila MountainsRecovety
Unit, andwinteredin pinyon-juniperwoodlandon theBasin andRange-WestRecovetyUnit. Data
from GaneyandBlock (unpublished).

Standard
Variable nt Mean Deviation

Elevation (in) 32 1,342 57

Slope (%) 33 33 17

Roost tree dbh (cm) 5 35 13

Roost tree height (in) 33 6 2

Overstory height (in) 24 7 2

Canopy closure(%) 7 29 27

Cover type (%) 37

Pinyon-juniper 100

Roosttree species(%) 36

Pinyonpine 8

Juniperusspp. 92

Slope position (%) 35

Upper third 43

Middle third 57

Small samplesizesfor somevariablesdue to lowowl perchheight andconsequentinability to approachcloselyfor

habitat sampling without flushingthe owl.

duringdispersal.Willey (1993) monitoredseven
dispersingjuvenile owls in Utah. Thesejuveniles
apparentlymovedthrougha varietyof habitat
types,includingseveralthatmight generallybe
consideredtoo openfor useby spottedowls.
Noneof these juvenilessurvivedto reproduce.

A. HodgsonandP. Staceyradio taggedfive
juveniles inthe SanMateoMountains,New
Mexico (UpperGila MountainsRU). Two
juvenilesapparentlydispersedacrossopen
grassland totheBlack Range,but their ultimate
fate is not known(PeterStacey,Univ. of Nevada,
Reno,pers. comm.).Threeotherjuveniles
apparentlyremainedin the SanMateoMoun-
tains.No informationis availableon habitats
usedby theseowls.

ADDITIONAL STUDIES

In addition to the abovestudies, twoaddi-
tional studies aretreatedseparately here because
theyeither werenot specific to a singlescale

(Johnson1989,DamesandMoore 1990) or did
nor distinguishbetweensite types (Damesand
Moore 1990).Johnson(1989) comparedhabitat
characteristicssampledat oneroostand one nest
sitewith characteristicssampledat 20 points
within the samestand.Thus,this provides a
comparisonof site characteristicswith overall
characteristicsof thesurroundingstand.Mean
treeheight,overstorybasalarea,understorybasal
area,overstorydensity,andsnagdensitywereall
greaterat theroost and nestsites thanin the
surroundingstand.Despitethe greaterunder-
storybasal area at roostand nestsires,understory
densitywas greater withinthe stand,suggesting
that theunderstoryat theroostand nestsites
containedfewer but larger trees(Johnson
1989:12).Johnson (1989:14-15)furthernoted
thatthe roostand nestsitesrankedhigh (relative
to the stand)for evennessindicesfor both tree
speciesanddiameter,andsuggestedthat small-
scale diversitymaybe animportantfactor in
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habitatselection byspottedowls (see also
JohnsonandJohnson1988,Johnson1990).

DamesandMoore (1990) reportedon
habitatcharacteristicsin areasoccupiedby
MexicanSpottedOwls in ArizonaandNew
Mexico (UpperGila Mountains andBasin and
RangeEast-RUs). Samplingmethodsand
sampledareadiffered betweenstates(Damesand
Moore 1990:10),andmostof theareasampled
was based on owl presence inthe area,rather
thanon specificevidenceof useby owls for
eitherforaging,roosting,or nesting.Resultsof
hypothesistests regardinghabitatcharacteristics
in this studywere inconclusive. Inboth states,
themostconsistentfeaturewithin and among
areassampledwasvariability (DamesandMoore
1990: executivesummary).

CONCLUSIONS

Habitat Relationships

Severalpatternsareevidentuponevaluation
of currentknowledgeregardinghabitatrelation-
shipsof Mexicanspottedowls.The first is that
mostinformationis limited to relatively fine
spatialscales.Forexample,we haveconsiderable
informationaboutroostand nesttrees,and roost
and nestsites,but have little informationon
standsusedby owls, habitatcompositionof owl
homeranges, or landscapeconfigurationsused
by spottedowls. Second,mostinformationon
owl habitatuse relates tothebreedingseason,
andto habitatsused fornestingand/orroosring.
We know little abouthabitatuseduringwinter
or dispersal periods, oraboutwhat constitutes
adequateforaginghabitat.Third, mostinforma-
tion on owlhabitatuseandselection comes
from correlative studiesthat do not demonstrate
cause-and-effectrelationships.Fourth,our
knowledgeof owl habitat-usepatternscomes
from a veryshort timeperiod (mainly1984-
present).

All of these factorslimit our ability to define
what constitutesspottedowl habitat,or what
desiredfuture conditions shouldbe for spotted
owls.Whatwe can dois describefeaturesof
breeding-season roostingandnestinghabitat
used byowls at this time. In mostcases,histori-

calinformationis not adequateto knowwhether
currently-occupied sites were also occupied in
the past, or to allow us todrawconclusions
aboutstructuralfeaturesof habitatsused inthe
past.

Spottedowls typically nestor roost either in
deep, rockycanyons,or in anyof severalforest
cover types.The relative useof canyonsversus
forestsvariesamongregions.For example,owls
in partsof the ColoradoPlateauRU are found
exclusivelyin deep, rockycanyons,whereasowls
in manyotherRUs arefoundprimarily in forests
(althoughthese forestsare oftenin canyons).

Where owlsoccurin forests,theytypically
select large,old treesfor nesting.Nest androost
sitesarefoundprimarily in mixed-coniferforest
(Table 4.1), although pine-oakforestsarealso
used in someareas,suchas partsof theUpper
Gila Mountains,Basin andRange-West,and
SierraMadre Occidental-NorteRUs (Table4.1;
seealso GaneyandBalda 1989a,Duncanand
Taiz 1992,Ganeyetal. 1992,Fletcherand
Hollis 1994,Tarangoetal. 1994, Seamansand
Guti~rrez inpress).Nestandroost sitestypically
contain structurally-complex,uneven-aged
forests,with a varietyof age-and/orsize-classes,
a large treecomponent,manysnagsanddown
logs, andrelativelyhigh basal areaandcanopy
closure(Tables4.6-4.11;see also SWCA 1992,
Armstrong et al. 1994, Ganey and Balda 1994,
Ruess 1995, Seamans and Guti&rez in press).
Diversity of tree species and diameters appears to

be high in many owl nesting and roosting areas
(Johnson and Johnson 1988, Johnson 1989,

Johnson1990, SeamansandGurkrrezin press).
Many roost andnestsitesare foundin canyon

bottoms or low on canyon slopes (Table 4.11;
see also Ganey and Balda 1989a, Fletcher and

Hollis 1994, Tarango er al. 1994:36, Seamans
and Guri&rez in press). Many have a conspicu-
ous broadleaved component, in the form of
riparian trees or especially various oaks (Ganey
andBalda 1989a,DuncanandTaiz 1992,Ganey
er al. 1992,SWCA 1992,Tarangoet al. 1994,
Ruess1995, SeamansandGuti~rrezin press).

The reasonswhyspottedowls nest androost
in structurally-complex,diverseforestsanddeep
canyons havenot beenconclusivelydemon-
strated.Barrows(1981) suggestedthat owlsseek
dense forest stands as protection from high
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daytime temperatures.This explanationis
attractivewith respect toMexicanspottedowls,
becausethe most apparentcommondenomina-
rot betweenthe types of forestsanddeep, rocky
canyons usedis thatbothsituationsprovidecool
microsires(Kerrell 1977,Ganeyer al. 1988,

GaneyandBalda1 989a,Rinkevich 1991,Willey
1993). Further,thereis some evidencethat,
relative to thegreathornedowl, which is found
in hotter anddrier areas,thespottedowl has
difficulty dissipating metabolicheatat high
temperatures (Ganeyet al. 1993).

Carey(1985)andGuri6rrez(1985) also
hypothesizedthatnorthernspottedowls might
seek dense old,closed-canopyforestsbecause
suchareassupportedhigherprey densities, or
because the owls werebetterable to avoid
predatorsin suchareas.Presentinformation,
however,suggeststhat owls forage in a wider
varietyof forest typesthanare used forroosring
(GaneyandBalda 1994,seealso WardandBlock
1995). Further,althoughowls in onestudy
roosredprimarily in unloggedmixed-conifer
forests,theydid nor show astrongpatternof
selectionfor suchforestswhenforaging(Table
4.4). This suggeststhatthe associationbetween
spottedowls andmixed-coniferforest maybe
driven moreby roosringand/ornestingbehavior
thanby foragingbehavior (GaneyandBalda
1994). Wecurrentlyhave noinformationwith
which to test thehypothesisthat spottedowls
are betterable to avoidpredatorsin complex
forestsor deep, rocky canyons.

In summary,atpresentwe suspectthat
selectionof typical nesting androostinghabitat
is driven primarily by microclimaricconsider-
ations. Prey availabilitymayalso be animportant
consideration,however,andprey densityin and
aroundan areawith microclimaricconditions
typical of nest/roosthabitatmaydetermine
whetheror nor that site is usedby owls. Prey
availability mayalsodeterminehow large an area
owls mustuse tomeet theirenergetic needs
(Careyet al. 1992,Verner etal. 1992, Zabel er
al. 1995). However,we suspectthatthe primary
factor limiting spottedowl distributionis the
presenceon thelandscapeof habitatsuitable for
roosringandnesting.

In someareas,thetypesof forestsused for
roosringand nestingareprimarily restrictedto

canyonsituations.This is particularlytrueat
lower elevations,wheremixed-coniferforest is
generallyfoundonly in canyonbottomsor on
north-facingcanyonslopes.Thus, thedistribu-
tion of roostingand nesting habitat, andof
sportedowls in theseareas,is naturally frag-
menred anddiscontinuous.Opportunitiesfor
increasing theamountof spottedowl habitatin
suchareasarelimited, andmanagementefforts
would be betterfocused onpreservingand
enhancinghabitatwhereit exists.Replacement
habitatin suchareasmay needto developin situ
following stand-replacingdisturbances.

In otherareas,suchas high-elevationmixed-
conifer forest,it may be possibleto develop
sportedowl habitatover moreof the landscape.
An exampleof such an areais the Sacramento
Mountains(LincolnNationalForest,Basinand
Range-EastRU). Sportedowls areabundantand
widely distributedin mixed-coniferforestsacross
this range(SkaggsandRaitt 1988, Fletcherand
Hollis 1994: fig. 24). Much of this areawas
subject to relativelyintensiverailroadlogging
earlythis century(Glover 1984),but these
forestshaverecoveredquickly and attained
structuralcomplexity (Table4.8b), demonstrat-
ing thatdevelopmentof replacementhabitatis
possible aftermanagementundersomecircum-
stances. Inareassuchasthis, managersmight
combineprotectionof existinghabitatwith
attemptsto developreplacementhabitatover
rime, in a moredynamicapproachto habitat
management.

Comparisons With Other Subspecies
of Spotted Owls

Therearemanysimilarities inhabitat-use
patternsof thethreesubspecies(northern,
California,andMexican) of spottedowls. For
example,all threeappearto bemostcommonin
structurally-complexforestenvironments,
althoughflorisric compositionof habitatsused
variesbothwithin andbetweensubspecies’
ranges (forothersubspeciessee reviewsin
Thomaset al. 1990, Guri~rrez er al. 1992). Both

the California (Guri~rrezet al. 1992) andMexi-
cansubspeciesmostcommonlynest in mixed-
conifer forest, followed byforest typesdomi-
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nared by oaks or conifers and oaks. Both the

California (Guti~rrezet al. 1992) andMexican
subspecies appear to use a wider variety of

habitatconditionsfor foragingthanfor roosting
andnesting.Theseconsistencies inhabitatuse
patternsbetweensubspeciesoccupyingdifferent
geographicareasandhabitattypesfurther
strengthenour conclusionthatspottedowls are
seekingparticulartypesof habitatfeatures for
nesting androosting.

Habitat Trends

Becausethe listing of theowl was based
partially on projecteddeclinesin owl habitat,it
is worth discussing what we know about trends

in owl habitat. Thefollowing discussionfocuses
separately on various habitat conditions used by
spottedowls. It is largely restrictedto trendsin
roosting and nesting habitat, because most of

our informationrelates to suchareas,andbe-
cause suchhabitatis thoughtto limit spotted
owl distribution. Finally, because little historical
informationexistswith respect tothe typeof
microsireconditionsthat describeroostingand
nesting habitatof spottedowls, thisdiscussionis
necessarilylargely qualitative.

Rocky Canyons

Mexicanspottedowls arefoundprimarily in
rocky canyons in partsof their range,suchas
southernUtah (Kertell 1977,Rinkevich1991,
Willey 1992, 1993,Utah Mexicanspottedowl
Technical Team 1994). Inotherareas,partof the
populationalso inhabitsrocky canyons,but
thesearegenerallymoreheavily forestedthan
the slickrock canyonsfound in partsof the
ColoradoPlateauRU (GaneyandBalda 1989a,
USDA ForestService1993,FletcherandHollis
1994).Thereis little evidence for change in
habitat quality or loss of habitat in slickrock

canyons.Canyon-bottomvegetationmayhave
beendegradedby grazingin somecases(see
below),andsomehabitatmayhavebeenlost
beneathlargereservoirsalong the Colorado
River andits tributaries.The latter changecould
have decreasedconnectivityamongremaining
populations. Otherwise, we suspect that habitat

trendsare relatively stable inareaswhereowls are
found primarily in slickrock canyons.

Riparian Forests

Historically, owls werefound in low-eleva-
tion riparian forests (Bendire 1892, Phillips et al.
1964,andpossiblyWoodhouse1853).These
forestshaveundergoneextensivemodification
because of recreation, flood control, livestock
grazing,andmodification of naturalwatertables
(Knopfet al. 1988; see also Kennedy 1977,

Kauffman and Krueger 1984, Minckley and
Clark 1984, Skovlin 1984,Minckley andRinne
1985,Platts1990, SchulzandLeininger 1990,
Dick-Peddie1993). Collectively, these activities
andotherfactors havechangedthespecies
compositionandstructureof riparianforests.In
extremecases,riparianforestshavedisappeared
entirely. No breedingspottedowls havebeen
documented in lowland riparian forests in recent

times. Surveys of such habitat have been far from
exhaustive,andowls maystill inhabitsome
remnant riparian forests. Nevertheless, the

overall trendwith respect to spotted owls breed-
ing in lowland riparianforesthabitathas clearly
beennegative.

Spotted owls also commonly occur in

canyon-bottomriparianforestsat highereleva-
tions, interspersedwith otherforest types. In
manycasestheseforestshavealsobeendegraded
(SchulzandLeininger 1991,seealso Fleischner
1994). Management to retain and enhance these

riparian forests would likely be beneficial to
sportedowls (aswell as manyotherplantsand
animals).

Coniferous Forests

Trends in coniferous forests are more diffi-
cult to evaluate. It is clear that changes have
occurredin southwesternforests.Thesestem
primarily from threesources:disruptionof
natural disturbanceregimes, grazing,andtimber
harvest.Manydecadesof fire suppressionhave
disruptednaturaldisturbanceregimes(Cooper
1960,MadanyandWest 1983, Stein 1988,
SavageandSwetnam 1990,Covingtonand
Moore 1992,1994,HarringtonandSackett
1992,Johnson1995).The absenceof frequent,
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low-intensity fire, coupledwith widespread
overgrazingby livestock inthe late 1 800s,
reducedcompetitionbetweenherbaceous
vegetationandtreeseedlings.Theseeffects
produceda goodseedbedfor conifer regenera-
tion, andgenerallyresultedin increasesin tree
densitieson forested lands(Rummel1951,
MadanyandWest 1983,Zimmermanand
Neuenschwander1984,Stein 1988,Savageand
Swemnam1990,CovingtonandMoore 1992,
1994,HarringronandSackerm 1992,Johnson
1995,Ruess1995). Suchincreasesin treedensity
can noronly alterstandstructure,bum canalso
lead todeclinesin shade-intoleranttreespecies,
anddrive ecological successionfrom oneforest
typeto another.For example,someponderosa
pine forestsappearto beconvertingto mixed-
conifer forest.

Timber harvestin manyareashasalso altered
standstructureandsometimesspeciescomposi-
tion. Timber harvestcanoccurin different
forms, with different intensity,andwith differ-
ent effectson standstructure.In manycases,
however,the neteffectof timberharvestis a
decrease in old treesandam leasta short-term
decrease in treedensityandbasal area.In these
respectstimberharvesttendsto work opposite
theeffectsof disruptionsin naturaldisturbance
regimesdescribedabove.Wheretimberharvest
targetsshade-intolerantspecies,however,it
could further the trendof ecological succession
towardsshade-tolerantspecies.

The net effectof theseprocesseson amount
andquality of sportedowl habitatis difficult to
determine.USD1 (1993:14251),citing Fletcher
(1990),postulatedthat spottedowl habitat had
decreased inamount dueto timberharvest.
FletcherandHollis (1994:29)estimatedthat
1,068,500ac of forestedhabitatin Arizonaand
New Mexico hadbeenrenderedunsuitablefor
sportedowls dueto humanactivities,primarily
timberharvest,through1993.Conversely,Hull
(1995:7)reportedthat “thousandsof acreshave
convertedfrom ponderosapine to mixed-
conifer,” andarguedthat the amountof Mexican
spottedowl habitathadincreased. Forseveral
reasons, wesubmit thateither viewpoint is
difficult to substantiatewith presently-available

data.

First, the claim that thousandsof acresof
ponderosapine haveconvertedto mixed-conifer
is unsubstantiated. Johnson(1995:fig.1) shows a
largeincreasein acreageof mixed-coniferin
ArizonaandNew Mexico between1966and
1986, based on forestinventoriesconductedin
thoseyears.Johnson(1995:1)also presents
numberssuggestingthatmuch of theincreasein
mixed-coniferforest is dueto invasionof mead-
ows, ratherthanconversionof ponderosapine
forest. Further,this informationis extrapolated
from datapresentedin the original inventories
(Choare1966, Spencer1966,Connerem al.
1990, VanHooserem al. 1993), andno informa-
nonis providedon how thatextrapolationwas
done.Therefore,it is impossibleto assessthe
accuracyof thefigurespresented.Methodsand
definitionsmayalsohavechangedbetween
inventories.Referring tocomparisonsbetween
the 1986 inventoryandearlier inventories,Van
Hooserem al. (1993:1)state:“The changes in
definitionsandsurveystandardsmakedetailed
comparisonswith previousinventoryresults
unwise.

Second,the ideathatall mixed-coniferforest
is spottedowl habitat is norsupportedby the
available data.As notedpreviously,owls roost
and nestprimarily in structurally-complex
forestswith particularfeatures,includinglarge,
old trees.Recentinvasion of meadows bymixed-
conifer forest is unlikely to havecreatedthis type
of habitat.If thatprocessproceeds,however,it
could createowl habitatin the future.

Finally, mostavailabledataon historical
foreststructureandincreasesin forestdensity
relate toponderosapineforest (USGS1904,
Woolsey 1911,HarringronandSackerm1984,
CovingronandMoore 1992,1994). As we have
shownhere,this foresttypeis nor typically used
for roosringand nestingby spottedowls. Data
presentedby Ruess(1995) suggestthatsimilar
changes haveoccurredin ponderosapine-
Gambel oakforest,which is usedby spotted
owls. No suchdataexist for mixed-coniferforest,
however,whichis the primarytype usedby
spottedowls for roosmingandespeciallyfor
nesting.It seemslogical to assumethatincreases
in densityhavealso occurred withinthis forest
type.Without quantitativedataon changes in
thisforest type,however,determining whether
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or not such changes havebeenfavorable to
spottedowls is essentially impossible.

In summary,conflictingspeculationexists
regardingtrendsin spottedowl habitatin
coniferousforest. Someauthorsspeculatethat
timberharvesthasreducedthe amountof owl
habitat,whereasothersspeculatethatfire sup-
pression has increased theamountof owl habi-
tat.Datapresentedheresuggestthat spottedowl
habitatis complex.The typesof historical
evidenceavailabledo nor allow for anyclear
analysisof trendsin suchhabitat.We recognize
thatwe cannotreturnto the pastto collect such
data, but we canlearn fromthissituation.Our
inability to evaluatehabitattrendsstrongly
emphasizesthe needfor accurateandcompre-
hensiveinventoryandmonitoringof forest
resources,so that in the future changes in forest
habitatcan beassessed overtime.

Research Considerations

Clearly, much remainsto belearnedabout
habitatrelationshipsof the Mexicanspottedowl.
Guti&rez eral. (1992) outlineda numberof
researchconsiderationsrelative tohabitatrela-
tionshipsof theCalifornia sportedowl. These
areall relevant tothe Mexicansubspeciesaswell.
We briefly summarizesomeadditionalconsider-
ations here.

Quantitativedataon patternsof owl habitat
use arelargely or completelylacking for some
geographicregions,habitattypes,andspatial
scales.Particularlystrikingis the lackof quanti-
tative dataon habitatrelationshipsatthe stand
andlandscapescales.Someestimatesof habitat
conditionsmeasuredon small plots, suchas
canopyclosure,maynot be representativeof
conditionsat thestandscale. Further,many
managementactionsareplannedat a standscale,
and implementationof ecosystemmanagement
approacheswill requiremoreattentionto habitat
compositionandpatternatthe landscapescale.
Thus,it seemscritical to obtainbetterinforma-
tion at these(aswell asother) scales.TheTeam’s
efforts to evaluatehabitatusepatternsat the
landscapescale werefrustratedby the lackof
suitableGIS coverages.Developmentof such
coverageswouldgreatly facilitatefuture analyses.

Further,anycredibleattemptsto monitor
amountsof spottedowl habitator trendsin such
habitatwill requirebothbetterdataon what
constitutesspottedowl habitatatvarious spatial
scales,andbetter data on foreststructureacross
the landscape.

Most studiesof habitatuse-patternshave
been correlativeratherthanexperimental,which
limits our ability to drawconclusionsabout
habitatselectionby Mexicanspottedowls.
Further, even where correlatesof owl occupancy
havebeenidentified,thesecharacteristicshave
nor beenlinked to owl fitness.Demographic
studiesof Mexicanspottedowls areunderwayin
a few areas.Far greaterefforts will berequiredto
obtainthe datanecessary todeterminewhich
habitatsor areascontainself-supportingpopula-
rions, andto evaluatehabitatcomposition
within thoseareas.

In the meantime,forest managementis
ongoing,andwe assumethatthis will continue.
Althoughcontrolled experimentsin forest
managementareexceedinglydifficult to design
andconduct,forest managementactivitiescould
provide agreatopportunity to learnmoreabout
the responseof spottedowls to habitatconfigu-
rationsatvariousscales.Experimentalsilvicul-
rural prescriptionscould be developedand
applied,guidedby currentknowledgeof habitat
conditions.Suchknowledgeshould besupple-
mentedby studiesof owl habitatin otherareas
andhabitats,and atotherscales.McKelveyand
Wearherspoon(1992) providean exampleof a
conceptualapproachto integratingsilviculture
with knowledgeof standstructuresusedby
spottedowls.

Finally, little attentionhasbeen paidto the
ecologyand habitatrelationshipsof the owl’s
principal preyspecies(but seeWard andBlock
1995),and to how forestmanagementmight
influencepopulationlevels of thesespecies.
Managementactionscould indirectly affect
sportedowls, eitherpositively ornegatively,
througheffectson their prey species.Therefore,
thesespeciesshould alsobe consideredin future
management planningand research activities.
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CHAPTER 5: Mexican SpottedOwl Prey Ecology
JamesP. Ward,Jr.. andWilliamM Block

In addition to shelter,water, andother
requirements,habitatmust alsoprovidespotted
owlswith food. Certaintreeswithin specific
forest communities may meetnesting, roosting,
andperchingneeds,bum the treecomponent
alonemaynor necessarilysustaintheanimal
speciesupon whichthe owlsprey. Conserving
appropriatehabitatfor the owl includesconserv-
ing habitatfor a suiteofpreyspecies.

The distributionandabundanceof prey
ofteninfluencethe distribution, abundance, and
reproductionof raptors(Newton 1979). In
owls, reproductivesuccessis often correlated
with prey abundance (CraigheadandCraighead
1956,Southern1970,Lundberg1976,
Wendland1984,Korpimiiki andNorrdahl
1991). The postulatedmechanismbehindthis
relationshipis energeticallybased.Male owls
mustprovideenoughfood to their female mates
during incubationandbroodingto prevent
abandonmentof nestsor young(Johnsgard
1988). Accordingly, ecologistssuspectthat
spottedowls selecthabitatspartiallybecauseof
theavailability of prey (Carey1985,Thomasem
al. 1990, Vernerem al. 1992).Understandingthe
naturalhistoryof thespottedowl’s primaryprey
is vital informationfor the RecoveryPlan be-
causeit provides resourceplannersandmanagers
with anothertool for evaluatingan are&s ability
to support spottedowls.

This sectionsummarizesinformationabout
sportedowl-prey relationshipsand theecologyof
the owl’s prey. Specifically,our objectivesare to:
(1) describethediet of the Mexicanspottedowl;
(2) identiFy prey thatmayinfluenceowl fitness;
and(3) quantiFyhabitatcorrelatesof the owl’s
primaryprey.

Ideally, relationshipsamongthe Mexican
sportedowl, irs prey, andthe prey’s habitat
shouldbeexaminedacrossdifferentspatialand
temporalscales.In reality, the availableinforma-
tion permitsonly a limited view of the owl’s prey
ecology.For example,we could describeabun-
danceanddistributionof the owl’s common
prey amongdifferentvegetationcommunities,
bum could nor providea direct linkbetweenowl
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habitatuseandpreyavailability. Althoughthe
latter informationis preferredfor prioritizing
habitatconservation,ourapproachreliesupon
conservinga generalmixture of habitatsfor the
owl and irs prey throughoutmajorportionsof
theowl’s range. Inmime, informationfrom more
specific studiesshouldbe used to refinethe
generalfindings presentedhere.

METHODSFOR
DETERMINING OWL DIETS

The dietaryhabitsof rapmors can bedeter-
minedbothdirectly andindirectly. Observations
of prey captureandofprey takento roosmsor
nestsprovidedirect evidenceof a rapror’sdiet.
However,suchobservationsaredifficult to
obtainfrom nocturnalforagerslike owls and
offer little opportunityfor quantitativeanalysis.
Regurgitatedpelletsof undigestedmaterials(fur,
feathers, bones,chirinousexoskeletons)offer an
indirect,alternativemethodfor analyzingthe
feedinghabitsof owls (Erringron 1930,Glading
em al. 1943,Marri 1987).

Sportedowl preyare identified by examining
the contentsof pelletscollectedbelowroosmsand
nests.Prey remainsareidentified to species,
genus, or alessspecificprey categoryandtallied.
Dietsare thenquantified usingtwo measures,
relative frequencyandpercentbiomass (Forsman
em al. 1984,Marri 1987). Relativefrequencyof
prey is expressedas thenumberof individual
itemsof a given preyspeciesor groupdivided by
thetotal numberof all individual itemsfound in
a sample. Biomass(g) is the total numberof
itemsof a given preyspeciesor group multiplied
by theaveragemass(g) for that speciesor group.
Commonly,both relativefrequencyandbiomass
areexpressedas percentages.Both measures can
be used tocompareowl diets amongsampling
units suchas reproductivegroups,locations,
seasons,andso on. The two measuresprovide
different information.Measuresof relative
frequencyindicatetheproportionof eachprey
typein the owl’s diet by number,whereas,
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percentbiomass indicatesthe proportionof each
prey typeby weight.

Pelletsmayprovide biasedmeasuresof owl
diets.Pelletsaretypically collectedopportunisti-
cally belowroosmingowls or from knownroost
groves,not randomlyor systematically.The bias
potentially resultingfrom nonrandomsampling
could norbe evaluated.Weassumedthat items
found in pelletsreflectedthetrue proportionsof
preyspeciesin owl diets.The methodswe used
to quantiFyMexicanspottedowl diet arecompa-
rableto otherstudiesconductedon the northern
andCalifornia subspecies(seereviewsby Tho-
mas em al. 1990andVernerem al. 1992).Accord-
ingly, we restrictedanalysesand inferencesto
relativecomparisons.

We compiledandanalyzed preyremainsof
Mexicanspottedowls asreportedin 13 studies
conductedsince1977 (Tables5.1-5.6).A total
of 11,164preyitemswas examined.Thesedata
consistedof 25 datasetsfrom 18 geographic
areasthroughouttheowl’s range,andincluded
most publishedandunpublishedinformationof
Mexicanspottedowl diet through1993 (Tables
5.1-5.6).Kerrell (1977)was nor used becauseof
the smallnumberof itemsreported.

Each datasetdifferedin thenumberof owls,
years,andpelletsexamined.In somecases,the
numberof owls studiedor pelletscollectedwere
nor recorded.Thus,we could noruse owlsasthe
samplingunit or separate differencesamongowl
territories in region-wideanalyses.However,
eachdatasetcontaineda known numberof
identified prey items. Foranalysis,we treated
each preyitem asan observationandeachdata
setas a dietarysample. Followingthislogic, the
numberof observationsin a sample (i.e., sample
size) correspondsto the total numberof prey
itemsidentified in eachdataset. Wejustified the
useof preyitemsas anobservationalunit instead
of pellets because a pelletis difficult to define
(i.e., brokenpelletsare oftencollectedor mul-
tiple pelletsare storedtogetherandbreakapart
duringstorage)anda singlepellet maycontain
multiple preyitems. Being anuncertainand
inconsistentmeasureof samplesize, no pellet
total is given here.

The methodsused toidentiFy remainsand
tally prey numbersfollowed Fomsmanem al.
(1984).SamplesabbreviatedasCAPRF2,

MexicanSportedOwl RecoveryPlan

ZION2, CANYL, BAR-M, MOGAZ2,

COCODM, GILADM, andSACMT2 (see
Tables5.1-5.6for acronymdefinition) were
analyzedusing standardizedproceduresde-
scribedandimplementedby DeRosierandWard
(1994) to facilitatecomparison.Accordingto
bothsources,remainswerekeyed tospecies
when possibleusingskullsandappendicular
skeletal parts.Specialistswereconsultedto
identiFylesscommonor unusual remains,
particularlybars, birds,reptiles,andinverte-
brates.

Deviationsfrom our standard identification
procedureswere necessary fortheSCCOL
samplewhere invertebratepartswerenor identi-
fled (CharlesJohnson,RockyMountainRe-
searchStation,Fort Collins, CO, pers.comm.),
andin the ZION 1 samplewhereappendicular
partswerenor used to rally prey (Sarah
Rinkevich,FWS,Albuquerque,NM, pets.
comm.).

Owl diets werequantified usingrelative
frequencyandpercentbiomass for11 prey
groups:woodrats,white-footed(peromyscid)
mice,voles,pocketgophers,rabbits,bats,other
or unidentifiedsmall mammals(mostlymurids),
otheror unidentified medium mammals(mostly
sciurids),birds,reptiles, andarrhropods(Tables
5.1-5.6).We usethe term peromyscidmice here
in place of white-footedmice to representthe
approximate15 North Americanspeciesof the
genusPeromyscus.Confusionsometimesfollows
discussionof white-footedmice becausethis is
alsothe commonnamefor P. leucopus.

Severalsources were used toestimateprey
mass(Appendix Sa).Biomassestimatesgiven by
the original authorswereretainedunlessbetter
estimateswereavailable.Estimatesof prey mass
from areasnearest towherepelletswere collected
were usedwheneverpossible.In the absenceof
betterdata, generalreferencesfor masswere
used.Averages,weighted accordingto propor-
tionsof speciesin owl diets, were used toesti-
matebiomassfor lessspecific maxasuchas
“woodrar species”or “unidentifiedbar.”
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Table 5.1. Relative frequencyof prey itemsfound in the diet of Mexican spottedowis occurringin the northern portionof the subspeciesrange.Values

werecalculatedfrom totalspooledacrossowl territories andyears.

S. Rocky S. Rocky
Colorado Plateau Mm. Mtn.

Colorado NewMexico

CAPRF1 CAPRF2 ZIONi ZION2 CANYL MESAV BLACK SOCO NNMEX

Capitol Capitol Canyon- Mesa Black Southern Northern
Rccf NP. ReefNP. Zion N.P. Zion NP. landsNP. VerdeN.P Mesa Colorado New Mexico

PreyGroup ~l9Th 1991-U (1989-91, 199I-93~ 1992-93 ,1991-92) l984-90~ 1991-03 1985-91)

Woodrars “2.4% 26.8% 61.5% 49.8% 26.5% 5840,0 ~74% 18.6% 32.3%

Peromyscidmice l5.
20o 497% 12.3% 13.2% 35.1% Y.O0o 23.6% 38.9% 20.3%

Voles 0.0% 0.0% 0.000 0.0% 0.40/0 2.2% 2.2% 2q.9% 82000

Pocket gophers 0.0% 0.0% 0.000 0.0% 0.00/0 0.0% 3.4% 07% 3.1000

R.ahhirs 0.0% QTO

0 0.0% 1.3% 0.0% 1.1% 1.10/0 1.0% 5.0%

Bars 1.0% 850o 1.2% O.

00o 12.3% 2.2% 2.2000 3.3% 3.6%

Other Sos.Maanmals 0.0% 2.000 0.000 (o.(oto 4.50/0 5.6% 760o 1.40o

Other Md. Mammals 0.00/s 2.60o 0.000 19700 9.0% 0.000 5.600 0.Sto 3.8%

Birds 0.0% .300 0.000 0.000 2.200 2.200 1. Us q. 0o 11.400

Reptiles 0.000 1.300 0.000 0.000 2.60/s l.lot 0.000 6.000 0.200

Arrhropods 11.400 .200 25.000 18.400 ‘.S~o 3.40o 10.6%

TotaL 100.0% lOOGOc 100.000 100.0~’o 100.000 100.0000 99.80o 100.0% lOO.00<s

NumherYears 1 2 3 3 2 2 1- 3

Maxirnom Pairs Unknown 1 8 1 1 2 Unknown Unknown

ltrmsyrl 69 6 165 49 98

Irernsyr2 108 30 61 103 40 133

Iremsyr3 153 9 “0

Irems...yr4

Irems....yr5

Irems 105 153 252 268 89 89 301

Source 91’agner \Nilloo Rinkes do Willcv 02(511ev Johnson& 5,anev Johnson& Reiclsenhacher

or al. liopsilol 1091 Copuhl. Copuhl. Reynolds 0)93 Reynolds ~i Duncan

1982 L)aoa Data Data Unpuhl. [3ata Unposbl. l3ara Unpuhl Rep.

(Dubor on, ill .; ii ils 00/re not separatedfrom mcd,tim—s iced toatisnoals in this studs’.
.-\or1,nj, is os/re sot tallied in this study.



Table 5.2. Relativefrequency of preyitemsfound in thediet of Mexicanspottedowls occurring inthe central portion of the subspecies’range.Values

werecalculatedfrom totalsacrossowl territories andyears.

Upper Cila Mountains
Upper Gila Mountains (Arizona) (NewMexico)

WALCAN SANFRP WHIMTN MOGAZi BAR~M COCODM MOGAZ2 MOGNM SWNM GIL4DM

Northern& West-

‘2(’alnr,t San Fran. White Central Northern Northern Mogollon Rim Central Isslarosa Southwest
Canyon Peaks Mountains Arienna Arienna Arizona Arizossa New Mexico Mortorains NowN4rxeio

Prey Group (1984-90 ,1984-90( (1984-90) )1985-91) 1989-93 1991-93) (1991-93 1985-91) 1991-93) 1985-91

Woodeats 33.1% 18.500 V.8% 33.89o 92% 9.8% 21.50/s 34.3% 307o0 Is

Peromyscidmice 26.300 33.00/0 20.40/s 3.
68o 357% 34.3% 22.70/0 20.00/s 39 200

Voles lOs.30/o 27.2% 3Th60o 5.3% 1.9o/o 340/~ 8.8% 20.0% l.80s 10.800

Pocket gophers 6.000 5.100 5.70/o 390/~ 4.40/0 5.O0o 3.l0o 0.0% 2.600 1.90,,

Rabbits 8 49/, 1.1% 5.l0/o 7.8% 1.3% 0.40/o 2.3% 5.7% 2.6% 1700

Bars 1 7% 0.0% 0.0% 1.99o 0.7% O.50/o 0.0~/o 2.9~/o 167% I 000

Other Sm. Mammals - l.9Os 3.000 9.60/o 8.50/0 2.90o 3.50c 4 10,0

Other Md. Mammals 3.0~o 330~ 577’s 530~ 6.45o “.8% 13.00/s 2.93.o 1.8%

Ar~ Birds 35% 2.9% 3.8% 11.1% 3.9% 4.6% 3.1% 8.60/0 ~.O%

Reptiles 0.O0/o O.O0r 0.00’o BOSs 0.00/s 0.1% 0.3% 0.0% 0.900 0.0%

Aetheopods 4.6~o 9.10s 3.8% 26.30/s 335O/~ 24.3% 16.7% 2.95/o 12.300 117%

Total 100.0% 100.200 100.0% 100.096 100.000 100.00/s l00.0~/o 100.0% lOGOOs 100.0

NumberYears -0 3 1-7 1- r 3 3 1-~ 1-” 3

Maximum Pairs 3 11 Unkosown — 29 32 Unknown Unkorowis 3

Iremsyr 1 13 264 94 305

Items.4r2 6 373 191 336

Itemsyr3 541 682 68 5V

Items.yr4 ~13

Items....yr5 84

Items 11 Yb 15” 361 1118 1319 35 114 1338

Source Canoe Uanes Ro,chonbaeher Block 3/ slllsor, 3/ USDA Fot. Rei~hon- Roleho,, Seo,no,,,
1332 1 -)~2 3/ D,,neo,, Caner Cr,,i~o,oe Sen. LacIre, 3/ Soeho,5,~ 3/

I/speLl Rop speLl. I/~rp~iLl. I/opuS). D,,,,eo,, Dc,eeso (i,,r.erroo

13.,,., Do,., Dots 1/ n~eLI I/isp .~LI I.~opeL.
Rep. Rep. Do,.,

Other small ,osi,ssals oscro nor separated tre,,,, is, ed,,,m—s,eod or amma), it, ri,,, orude.



Table 5.3. Relative frequency of preyitems foundin the diet of Mexicanspottedowls occurring inthe southernportion of the subspecies’range.Values

werecalculatedfrom totalspooledacrossowl territories andyears.

Sierra Madre
Basin and Range- West Basin and Range- Easr Occidental - Norte

SARIZi SARIZ2 HAUCH SACMT1 SACMT2 CHIHMX

Soorheast Southeast I lr,achuca Sacramento ~acramcnro SanJuan,to

Ancona Arizona Mountains Mountains Mounta,ns Creel

PreyGroup 198-~-90, 1985-91 1987 .1985-91) 1991-93 s1992-93

Woodrars
2?.40s 3l.65e 37-s% 16.5% 8.2~,, 10.6~,,

Peromyscidmice 38.8~o 30.l~,, -i2.9~s l0,8~s -sO.5% 35.0~e

Voles 0.09’s 0.0% 0.0% 33.l~s 19.8~,, 0.9~s

Pocketgophers 0.5% 2.4% GOes 5.0~/s 350~ 4.0~s

Rabbits 2.0~e 2.1~s lies 8.6~’s 335~ 0.9%

Bats 5.5% 3.0P’s 12.1% 3.6w/s 0,6~o 2.2~e

Other Sm. Masonsals l.02’o 0.000 2j2~s 3.05e 270e

Other Md. Mamosals 350~ 0.40o 0.0% 070e 6.00o 2.200

Birds ~. 5% 14.2% 550~ 9.’s0e 3.8% 6.2~s

Reptiles 3.SSo 0./i0s 1.100 0.00e QQ0~ O.O0e

Aerheopods 16.~s I 3.3% 9))0~ IO.l0e 1) •/i0o 35.s0s

Total iQOOSe I OGOSs 100.0% lOO.O0o 100.000 100.00

Number Years )~7 1--’ 1 1-” 3 2

Maximum Pairs 10 Unknown 1 0 39 8

Items77rl 5%

Items77r2 326

Ieems...yr3 8’S

Irems...yr4

Itrm&.yr5

Items ~0) 1(68 91 139 175 226

Source Gooey1552 90,/no,,- De,,oco,, Ro,/l,o,,- \I/o,u o, I Tsro,,co

(‘sI/sos 3/ 3/ S,,rdee Locker 3/ 1 ,spukl Doss

D / .>~ys I/99 Ds,noo.s

Rep. Rep.

Quiet s,s,all an, isa), sorernot separatedfrom medium- s sodns.s,s,,ssaIs ,o rhis so,,clx.



Table 5.4. Percentof preybiomassin the diet of Mexicanspottedowls occurring inthe northerportion of the subspecies’range.Valueswere calculated

from totals pooledacrossowl territories andyears.

S. Rocky Mm. S. Rocky Mm.

Colorado Plateau Colorado NewMexico

CAPRFI CAPRF2 ZIONi ZION2 CANYL MESAV BLACK SOCO NNMEX

Prey Group Capitol Capitol Caisson- Mesa Black Sosirheris Northern

ReefN.9. RccfNI’. Zion NP. Zion NP. landsN.P ‘s’rrdr NI’. Mesa Colorado New Mesir,,

19 ,1991-92) 1198991) 1991-93) ,1992-93l 1991-92) (1984-90) (1991-93 .1985-91

Woodrats 98 5% 6±0% 98.4
0o S3.1~/s 175% 6.i~o 8170’s 30.40s 4”77o

Peromyscidmice 1 ~40 s 21.8% 1.4~o 3.2% l4.00s 6.20s 4.8% 15.1% 5.0%

Voles 0 00s 0.0~/s GOSs O.O0s 0.30o l.50o 0.?5/o 2.2%

Pocketgophers 0.0~,, 0.0~L 0.0% O.O0/r 0.0% GOS’s 3.2w/s l.30s 4.1~/o

Rabbin O.O0s 5.00’o O.O0s 540/~ O.00o 11 1~o 375/~ )6.7Ss 2~_50.~

Bats 0.1% 1.60s O.I0’o 0.0% 1.90o 0.3’s 0.39’s 955~

OtherSm. Mammals 0.00,, 0.99’s 0.09s I .69’s l.50s 2.4~/o ‘ 4A0r O,35/s

OtherMd. Mammals 0.O0s 4.8~s 0.0% 36.5~o 21.O0o 00% 4.I~/s 0.3Ss

Birds 0.0% l.40s 0.09’s 0.0% 2.95’o 2.1% 0.69’s 375~

C” Reptiles 0.00 O.50o 0.09’s 0.09o 0.9~o 0.40r 0.0% O.O0r O.O0o

Aerheopods 0.l~r 0.2Ss 0.2% O.2Ss 0.10s 0.15s O.l5o

Total 100 0~o 100.05s 100.O0s 100.0% 100.0% 99.2Ss lOGOSs 100.000

NumberYears 1 2 3 3 _ 2 1-7 3 1-~

Maximum Pairs Unknoss,s 1 8 1 1 _ Unknown Unkows

ItemR..yrl -+5 69 6 165 49 98

Irems~yr2 108 30 61 103 40 133

Items77r3 153 9 “0

Irems....yr4

Items....yr5

Items 109 153 268 89 89 301 989

Source ‘s\ .sc,srs WAIst Riakev,Ji \‘i2I

5s WilIer bls,s,oo Caner1992 (ohosos 3/ Rci/lsessL.s
rs.s. IlK I/,~x,LI 1991 I/,,1’,,LI lIspisbI. 3/ Revsolds clsci 3/

Dasa Das,, Di,, /<vss~slrl I/,,puL). 12,,nra,s

I >s,s,sLl Ds,ss I~,sp,iLl
D s’ , Rrp

Ii3rher small animals srrrn nos srjsar.,srj sr,sis i is,cdium—siredmammals in this srudr.

Arrhrss1s,sdsos-ere nor tallir,l is, rIs,s ssssdv



Table 5.5. I~ercentof preybiomassin the diet of Mexicanspottedowls occurring inthe centralportion of the subspecies’ range.Valueswerecalculated

from totalspooled DCtO55 o\vl territories andYears.

Upper Gila Mountains (Arizona) Upper Gila Mountains (New Mexico

)

WALCAN SANFRP WHIMTN MOGAZi BAR-M COCODM MOGAZ2 MOGNM SWNM GJLADM

West-

Walnus San Fran. White Norilsersi & Nrsrrlsern Northern Mogollois Rim Ceorral Soritlssa csi Tnilarosa

Canyon Peaks Mountains CentralAricona Arizona Arizoisa Arizoisa New Mexico New Mexcio Moriissaiiss

PreyGroup (1984-901 1984-90, 1984-90 1985-91 (1989-931 )1991-93, 1091-93 (1985-911 (1985-91) 1991-93,

Woodrars 50.O
5n -49.1% 36.Onn -+-s.’s5n 38.2% 3’s7’s K “s q

91n~5 56.6%

Peromyscidmice 5.

79’s 12.5% 6.0% 0.8% lS.2ns l3.G’s 6.1% /~7% 6.1% 12.6%

Voles 4.58s iSOSs lO.l5n 1 3~’, 0.9% 1.5’s 3.1% 5.40’r O.69s ±2nr

Pocket gophers 6.10.s 9.10s .9% 3.6% 6.2% l2.9’s ±9% GOOn 4.3% 2.1%

Rabbits 29.6n/s 67Rn 24.30s 31 30,, lq.2nn 34O~ 10.0% 25.lnL 14.90’s 9.20n

Ban O.29’s GOSs O.O’s O.3nn O.2Sr Ol’s GOns OSOs 3.g9’s Gins

OtherSm. Mammals G.Sns i.O~/s 3.S9’s 170s 070’s G.20n lORn

OtherMd. Mammals 2.39’s -+4’o 6.G~s~ 8.S0n 15.6% 2170r )8.O0n 5.l5s 4.5%

Birds 1.5% 3.1% 3.1% 9.0’s 8.2% 7.50/n 3.2% 8.4% 8.8% 4.lnn

~—.lReptiles 0.0% O.O0’s 0.0% G.G0n 0.0% GOn,, O.ln.n 0.00’s 0.2%

Areheopods 0.1% II.Inn O.l0s 0.1% 0.4% 0.6~,, 0.20, 0.9% 0.3% 0.2’n

Total lOGOSs 100 G’s lGO.l”s lGG.G0s 100.0% lOG Gnn 100 O’)n 100.0% 100.005

Number Years 4 1-” 1-” is 3 3 1-’ 1- 3

Maximum Pairs 3 11 Unknosrn . 29 32 Unknown Unknown

Itemsyr 1 13 26 9-s 305

Items77r2 6 373 191 536

Itemsyr3 Sl 682 68 517

Items....yr4 413

Items....yr5 8-s

Items “11 277 iP 361 1118 1319 3S3 3S 11-+ 1358

Source Caner I ls,rrr (laser Re,.±rn- Olnck 3/ DI,,,,, 3/ I/SD-I Ent ReirLen- ReirLen- Seasslans3/
1992 1159/ 19)/ ~ 3/ Cisser Cssti(rre, Sen I ~npaL.. Larlse, 3/ LaJsrr3/ Ciit4reez

1),ss,za,, I 7’Si ,LI DapaLl Ba,., Ds,,s Dasican Iis, inca,, Disposhl.

I/npubl Rrp Dass Dopsihl. Rep I/snpahl. Rnp. Data

s.),Iscr us,.,), sisitisslssnerc tinsse

1sararedfoss,,siicdsrisis—,,i~/J,,sa,sss,salSisathis studs.



Table 5.6. Percentof preybiornassin the diet of Mexican spottedoxvls occurring inthe southernportion of the subspecies’range.Valueswerecalculated

from totals pooled acrossowl rerrilories andyears.

Sierra Madre

Basin and Range- West Basin and Range - East Occidental - Norre

SARIZi SARIZ2 HAUCH SACMT1 SACMT2 CHIHMX

Sos,thnast Southeast H,sacl,,,,ca isacraaiiciiio SacramentoMoositains SassJuaniro

Arizona Arizona Mountains Mountains )1991-93( Creel

PreyGroup (1984-91) )1985-91) 1198’ ,1985-91) ,l 992-93)

Woodrats 579% 57.3% 77.6% 26.1% 20.19’s 38.09s

Peromyscidmice l~.3~s 9.G9’n 6.6
0s 2.8% 12.0% 16.9%

Voles 0.0~s, G.G9’n 3.39,, 9.99”,, 12.10/n 0.4%

Pocketgophers OGs, 3.90/n (l.-R’n 710,, 4.8~n 10.0,,,,

Rabbits 11.9% 11.7% 0.50n ~sl.9~n 26.00/,, l6.l~n

Bats j55~~ G.8~/n G.3~s 0.65n 0.2% 0.6%

Other Sm. Mammals 0.30/n 11.1% G.2~n 1.6% 0.6%

OtherMd. Mammals -s.6~s 1.7% G.-i,,n 1.4% 19.30n 8.1%

CC Birds — —s,, 15.20/n I .8% 1G.05’s 3.85/n 8.69’,,

Reptiles 0.9~,, G.l7’~ 0.35s G.00s G.G9’n 0.00’n

Artheopods 03g. G,l~4s G.G5s 0.k”n 0.30~r 07~’n

Total (00.G~~. 1GG.10’n bOG5,, lGG.05n 100.2% 100.09’s

NumberYears 1.. 1 l- 3 2

Maximum Pairs 10 1 o 39 8

Jtemsyrl 514

Itemsyr2 326

Items...yr3 875

Items.yr4

Iremsyr5 201 668 91 139 1715 226

Source Cancv Reichenhacher Duiscan Rcizhcnhacher Ward er al. Tarango

1992 & Drinras,, & Sisyrier & Duncan Unpubl. 1994

Unpuhl.Rep. 1990 Usspsshl.Rep. Data

Orbcr small assis,,sIswere sot scpararcd fr,’m niedi us,,.~)erd mammals in this strids.
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GENERAL FOOD HABITS

The Mexicanspottedowl earsa varietyof
animalsthroughoutits rangebum usually takes
smallandmedium-sizedmammals(Table 5.7).
As a group,mammalsaretaken morefrequently

= 82.1%;cv — 13.3%;n — 25 datasets) than
birds (~ — 4.8%; cv = 78.4%; n = 25),reptiles

= 0.5%;cv = 192.5%;n = 25) or armhropods
= 12.6%; cv = 79.0%, n = 23). Armhropods

could be presentin the owl’s diet because these
itemswere eaten by theowl’s prey priorto
capture.Mammal useis evengreaterwhen
biomassis considered(~ = 95.8%,± — 3.9% for
birds,x — 0.1% for reptiles,andy — 0.2% for
arrhropods).A cumulativeplot of diet frequen-
cies (Figure5.la) indicatesthat90% of an
“average”Mexicanspottedowl diet would
contain30% woodrams;28% peromyscidmice;
13% arrhropods;9% microrinevoles; 5% birds;
and4% medium-sized rodents,mostlydiurnal
sciurids. Acumulativeplot of diem biomass
(Figure5.lb) indicatesthat, on average,90%of
a Mexicanspottedowl diet is comprisedof 5300
woodrars;13% rabbits; 9% peromyscidmice;
90o birds; and6% medium-sizedmammalssuch
as diurnal sciurids.Theserangewidepatterns,
however,arenot consistentamongRUs.

To evaluategeographicvariationof Mexican
spottedowl food habits, weexamineddiet data
by recoveryunit. Frequenciesof preywere
treatedas binomial,eitherthe prey speciesbeing
comparedwas consumedduringa successful
foragingeventor someotherspecieswascon-
sumed.We transformedthesedatafor paramet-
ric analysesusingan arcsine-squareroomtransfor-
mation (FreemanandTukey 1950)andtested
the hypothesisof no difference in dietsamong
RUs usinga one-wayanalysisof variance
(ANOVA). A Tukey’s testwas used toconduct
multiple comparisonsamongRUs whenthe
ANOVA was significant. Weconductedthe tests
for eachof the 11 prey groupsseparately.We did
not conductan ANOVA on percentbiomass
estimatesbecause thesedatawerecomprisedof
both frequencyandpreymass,andour estimates
of mass for prey were not significantly different
amongRUs exceptfor voles (F = 4.4, d.f. = 6,
15, P = 0.009).Thus,prey masswould have

Volume li/Chapter 5

beenroughly equivalentamongRUs andcom-
parisonsof percentbiomasswould havebeen
equivalentto thoseof relative frequency.

Our analyses indicated significant differences
in Mexicanspottedowl dietsamonggeographic
location (Figure 5.2).Woodramsweretaken more
often in the ColoradoPlateaucomparedto the
Upper GilaMountainsandSierraMadre
Occidenralis- Norme (F— 4.6,d.f. = 6, 18,
P - 0.005;Figure5.2a). Voleswereconsumed
more frequentlyby owls in theBasin and
Range- East,SouthernRockyMountains-

Colorado,andUpper GilaMountainsRUs than
in theColoradoPlateauandBasinand
Range- WestRUs (F— 8.3, d.f. — 6, 18,
P < 0.001; Figure5.2a).Pocketgopherswere
eaten more oftenin the UpperGila Mountains
comparedto theColoradoPlateau(F = 4.5,

d.f. -6, 18,P- 0.006;Figure5.2c); andbirds
wereconsumed more oftenby owls in the
SouthernRockyMountains- New Mexico,
Basin andRange- West, andUpperGilaMoun-
mainsRUs thanin the ColoradoPlateau(F = 5.8,
d.f. = 6, 18,P— 0.002;Figure 5.2d). Bars and
reptileswere consumed more frequentlyin the
Basin andRange- WestRU comparedto the
UpperGila Mountains RU(F— 2.9, d.f. - 6, 18,
P= 0.038;Figure5.2eandF= 3.3, d.f. = 6, 18,
P = 0.024;Figure5.2f, respectively).Of the five
groupsthat did nor differ significantlyamong
RUs(peromyscidmice, rabbits,othersmall
mammals,othermedium mammals,and
armhropods),only peromyscidmice (~ — 27.2%,

cv - 42% amongunits) andarmhropods(~ -

13.8%,cv = 70%) werefrequentfood items.
Inrerregionaltrendsin preyconsumption

could be attributedto otherfactors liketemporal
variationin the owl’s diet within eachstudyarea,
or becausethe breedingstatusof owls differed
amongstudies.Diet frequenciesfrom eachstudy
werepooledacross yearsandowl pairsregardless
of reproductivestatus becausethisinformation
was unavailable inmostcases.However, the year
in which dietsampleswerecollectedandthe
reproductivesuccessof a sufficientnumberof
owls wereknownfor threestudies(SACMT2,
GJLADM, COCODM). Thesethree datasets
werecollectedfrom two of the RUs, Basinand
Range- East(SACMT2; Tables5.3 and5.6) and
UpperGila Mountains(GILADM, COCODM;

9
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Table 5.7. Animal speciesconsumedby Mexicanspottedowlsas determinedfrom examinationof
25 danasetscollectedfrom 18 geographicareas.

BIRDS

Insectivora
Desertshrew Notosorexerawfordi
Vagrantshrew Sorexvagrans
Duskyshrew Sorex monticolus
Metriams shrew Sorexmerriami
Dwarfshrew Sorexnanus
Arizona shrew Sorexarizonae

Chiroptera
Pallid bat Antrozouspallidus
Silver-hairedbat Lasionycteris noctivagans
Hoarybat Lasiuruscinereus
Big brownbat Eptesicusfuscus
American free-tailedbat Tadarida brasiliensis
Big free-tailedbat Tadaridamacrotis
Californiamyotis A/lyonsca/ifrrnicus
Fringedmyotis Myotis thysanodes
Yuma myoris Myorisyumanensis
Arizona myoris Myotisoccuirus
Southwesternmyoris M’-yoris auriculus
Long-earedmyotis Aifyotisevotis
Cavemyotis Myotisve/ifir
Spottedbat Eudermamaculatum
Westernpipistrelle Pz>stre//ehesperus
Townsend’sbig-earedbatPlecotustownsendii

Carnivora
Long—tailedweasel Mustelafrenata
Short-tailedweasel Mustelaerminea

Lagomorpha
Easterncottontail Sy/vilagusfioridanus
Black-tailedjackrabbit Lepusca/ifornicus

Rodentia
Ord’s kangaroorat Di~odomys ordii
Pocket mousePerognathussp.
Botta’s pocket gopherThomomysbotrae
Northernpocket gopherThomomystalpoides
Southernpocket gopherThomomys umbrinus
Cray-footedchipmunk Tamiascani~pes
Leastchipmunk Tarniasminimus
Rock squirrel Spermophi/usvariegarus
Thirteen-linedgroundsquirrel S. tridecemlineatus
Red treesquirrel Tamiasciurushudsonicus
Southernflying squirrel Glaucomysvo/ans
Abertssquirrel Sciurusaberti
WesternharvestmouseReirhrodonromysmega/otis
Deer mousePeromyscusmanicu/arus
Brush mousePeromyscusbjjii
Rock mouse Peromyscusdi ci/is
Mexican woodrat Neotomamexicana
White-throatedwoodrat Neotomaalbigula
Bushy-tailedwoodrat Neotomacinerea
Desertwoodrat Neotomalepida
Yellow-nosedcotton rat Si~modonochroganthus
Mexican vole Microtus mexicanus
Long-tailedvole Microtus/ongicaudus
Meadowvole Microtuspennsylvanicus
Montainvole Microrus monranus
Mountain phenacomysPhenacomys inrermedius
HousemouseMus musculus

Galliformes
Montezumaquail Cyrtonyxmontezumae

Strigiforines
Northernpygmy-owl Glaucidiumgnoma
NorthernSaw-whetowl Aegoliusacadicus
Flammulatedowl Otusfiammeolus
Elfowl Micrathenewhitneyi

Apodiformes
~ite-throared swiftAeronautessaxata/is

Piciformes
Williamson’ssapsuckerSphyrapicusthyroideus
Northern flicker Go/apresaurarus

Passeriformes
Pinyonjay Gymnorhinuscyanocepha/us
Stelletsjay Cyanocittaste//en
Grayjay Perisoreuscanadensis
C ray-breastedjay Aphe/ocoma ultramanina
Rufous-sidedtowheePipilo erythrophtha/mus
Black-headedgrosbeakPheucticusme/anocepha/us
HepatictanagerPirangaflava
WesterntanagerPiranga /udoviciana
Americanrobin Turdusmigraronius
Hermit thrush Catharusguttatus
PaintedredstartMyioboruspictus
Cowbird Mointhrussp.
Pine siskin Gardue/ispinus
Warblingvireo Vireogi/vus
White-throatedsparrowZonotrichaa/hico//is
Finch Garpodacussp.

REPTILES

Short-hornedlizard Phyrnosomadoug/assii
Mountainspiny lizard Sce/oporusjarrovii

ARTHROPODS

Scorpion Vejonissp.
Beetle Orizahussp.
PtionusbeetlePrionusheroicus
Pine-boringbeertle Ergatesspicu/arus
Pinescarabbeetle P/usiorzs/econtei
OakscarabbeetleP/usiotisbeyeri
Rhinoceros beetleDynastesrityus
Long-hornedbeetleDerobrachussp
Darkjune beetle Dt~s/otaxissp.
SpottedsawyerbeetleMonochamussp.
Line june beetlePhy//ophagasp.
NewMexican camelcricket Stracoce/esneomexicana
Potatobug Snenope/marusfuscus
Field cricket Gryllus sp.
Orchardcicada P/atypediasp.
Owlet moth Noctudiae

MAMMALS
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Figure 5.1. Cumulative distributions ofprey in the dietof Mexicanspottedowls presentedas (a)
relativefrequency(%) of itemsand (b) percentbiomass. Valuesare averagesacross25 datasetscon-
ductedthroughoutthe owl’s rangeanddashedlines are95% confidencelimits. Preygroupsare
WRAT-woodrams;MICE-peromyscidmice; ARTH-arrhropods;VOLE-voles; BIRD-birds; OMMM-
othermedium-sizedmammals;BATS-bats;OSMM-orher small-sizedmammals;RABB-rabbims;
GOPH-gophers;REPT-repriles.
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Tables5.2 and5.5). Owl reproductivesuccess
was determinedsimilarly in all threestudies
usingmethodsdescribedby Forsman (1983).We
useddatafrom thesestudiesto evaluatethe
influenceof geography,rime,andowl reproduc-
nyc status onthe inmerregionaltrendsin theowl’s
diem.

To quantiFythe effect of thesethreefactors,
we analyzedthe differences in relativefrequency
of a givenpreygroup in the owl’s diet among
studyarea(SACMT2, COCODM, or
GILADM; geographicvariation), year(1991-
1993; temporalvariation), andnumberof owl
youngproduced(0, 1, 2, or 3; variation in owl
reproductivestatus)usinga three-factor
ANOVA. Prey groupsthatwerecommonto
owls in anyof the threestudyareaswereana-
lyzed separately (woodrars,peromyscidmice,
voles,pocketgophers,rabbits,othermedium-
sizedmammals,andarmhropods).We define
commonprey arbitrarily as thosespeciescontrib-
uming >10%of diet frequencyor biomass,which
includesthemajorityof speciesidentified in the
90% cumulativeaverages(Figure 5.1). Statistical
significanceof eachfactorwas used to quantiFy
the importanceof thesefactors indetermining
regionaldiem trends.

In 3 of 7 rests,consumptionof common
preyvariedprimarily by geographiclocation
(Table 5.8). In theother4 tests,consumptionof
woodrars, peromyscidmice, medium-sized
mammals,andarmhropods wasinfluencedby an
interactionbetweengeographiclocationand
year. However,significancevaluesindicatedthat
the consumptionof woodrarsandarmhropods
was influenced moreby the owls’ location than
the particularyear (Table 5.8).Prevalenceof
geographic variationin the three-factorANOVA
resultssupportsour claimsthat theowl’s feeding
habitatsdiffer amongregions,as discussedabove
(Figure 5.2).

Diet differencesof the Mexicanspottedowl
likely result from acombinationof habitat
differencesamongRUsfor both the owl andits
prey (SeeZoogeographyand Macrohabimarsof
CommonPrey). Landscapeapproachesto
managementthatmaintainconditionsfor
commonpreyof anypredatorareassumedto
have beneficialeffects (Reynoldsem al. 1992).
However,the reliability of suchconservation

lime li/Chapter 5

strategiesmustbe firmly based onecological
links amongprey, predator,andenvironmental
conditions.Thus,it is crucial to considerrela-
tionshipsamongpreyabundanceandpersistence
of owl populations,and amongpreyabundance,
availability, and habitatconditions.

RELATIVE IMPORTANCE
OF PREY

Prey thatpositively influences owlsurvival,
reproduction,or numbers mayincreasethe
likelihoodof persistenceof Mexicanspottedowl
populations.Althoughno information is avail-
able toquantiFy effectsof food onspottedowl
survival anddensity,previousstudies have
examinedcorrelatesbetweenthis owl’s diet and
reproduction.For example,Barrows (1987)
suggestedthatlargerprey (e.g.,woodrams)was
takenin greaterfrequencyby owls with young.
Thrailkill and Bias (1989) reportedasimilar
patternfor California spottedowls occurringin
thecentralSierra Nevada. Incontrast,Ward
(1990)observedadifferentpatternfor northern
spottedowls in northwesternCalifornia.He
foundthat largepreywas takenin relatively
equal frequencyby breedingandnonbreeding
owls, presumablybecausewoodramswerea
commonfood resourcefor owls regardlessof
breedingstatus. Thesedifferent resultsmay
reflect variation in preyavailability, sampling
biasandvariation,temporal variation,or true
regional differences in owl diets.

To evaluateif anyparticular preygroup
could increase persistenceof the Mexican
spottedowl, we analyzedowl reproductive
success (averagenumberof youngfledged)as a
functionof diem, year,andgeographiclocation
usinga three-factorANOVA. This approach
would allow usno quantiFyvariation in owl
reproductionthat could be attributedto the
frequencyof a particularprey in theowl’s diet.
Owl reproductionrelatedno consumption
frequencyof a givenpreygroup would implya
relativeimportanceof that prey. In usingthis
approach,we furtherassumedthatpreyspecies
that werepositively related toreproductionalso
enhancedtheowl’s survival.
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Table 5.8. Factorsinfluencing trendsobservedin Mexicanspottedowl diets. Dataarc from threestudiesconductedin northernArizona, the Sacra-

mentoMountains,New Mexico, andthe Tularosa Mountains,New Mexico, during breedingseasonsof 1991, 1992,and 1993.

Woodrats PeromyscidMice Voles Pocket Gophers

Sourceof Variation (F dfl, df2 P) (F dfl, df2 P) (F dfl, df2 P) (F dfl, df2 P)

Main effects

Study area

Year

No. of owl young

5.625 7, 88

11.599 2, 88

6.040 2, 88

2.140 3 88

0.000

0.000

0.003

0.101

5.512 7, 88

6.305 2, 88

8.247 2, 88

4.130 3,88

0.000

0.003

0.001

0.009

10.041 7,88

30.125 2, 88

3.210 2, 88

0.484 3,88

0.000

0.000

0.045

0.694

1.885 7, 88
4.939 2, 88

0.626 2, 88

1.526 3,88

0.081
0.009

0.537

0.213

Two-way interactions

Areax year

Area x young

Year x young

1.451 16, 88

2.854 4, 88

1.461 6, 88

2.166 6, 88

0.137

0.028

0.201

0.054

1.896 16, 88

3.492 ~ 88

0.216 6,88

0.893 6, 88

0.031

0.011

0.971

0.504

0.722 16,88

1.088 4,88

0.535 6,88

0.715 6,88

0.764

0.36

0.780

0.638

1.132 16, 88

0.875 4, 88

0,874 6,88

1.165 6,88

0.340

0.482

0.517

0.263

Three-way interactions

Areax year x young 1.760 9, 88 0.08~ 1.109 9, 88 0.365 0.430 9, 88 0.916 0.737 6, 88 0.6~4

Explained 2.451 32, 88 0.001 2,466 32, 88 0.000 2.679 32, 88 0.000 1.186 32, 88 0.263

Residual
(Mean square, df~ 0.014 88 0.035 88 0.075 88

0.012 88

Total

(Mean square, dO 0.019 120 0.049 120 0.037 120
0.012 120



Table 5.8. (continued)

Rabbits Other Medium Mammals Arthropods

Sourceof Variation (F dfl.df2 I)) F JI1,df2 Pl (F dfl,df2 F)

Main effects

Study area

Year

No. 01 owl young

4.221 —, 88

11/oG’ 2,88

1.233 2,88

1.114 3,88

0.000

0.000

0.296

0.348

1.039 ‘788

0.148 2,88

1768 2,88

1.054 3,88

0.qlO

0.863

0.1~~’

0.33

~.542 ~‘, 88 0.000

4.60 2, 88 0.013

3.900 2, 88 0.024

3.089 3, 88 0.031

Two-way interactions

Area x year

Area x young

Year x young

Three-way interactions

Areax ~‘earx young

1.162 16,88

1.8’i 4,88

0.316 6,88

1.132 6,88

0.595 9, 88

1 .6’2 32, 88Explained

Residual
(Mean square,dO 0.009

Total

0.314

0.122

0.92w

0.351

2.3’~9 16. 88

4.80 4, 88

GPO 6, 88

0.6~3 6, 88

0798

0.005

0.001

0.753

0.6’1

0.829

0.031

88

0,010 120

1.5~3 32. 88

2.144 16,88 0.013

3.28 4, 88 0.015

1.281 6,88 0.274

1.650 6,88 0.143

1560 9,88 0.140

0.050

0.020 88

2 505 32, 88 0.000

0.030 88

(Meansquare, dO 0.023 120 0043 120
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This analysiswas conductedby stratiFying
andcomparingvariation in thenumberof
young owls producedamongthreestudyareas
(SACMT2, COCODM, GILADM), three
differentbreedingseasons(1991-1993),and
three amountsof preyconsumption,low
(<33%),high (=66%),or medium.Sevenprey
groupswereexaminedin separateANOVAs to
ensureindependenceamong dietfrequencies.
Theseincludedwoodrams,peromyscidmice,
voles,gophers, rabbits,othermedium-sized
mammals,andarmhropods.Study areaandyear
wereincludedas blocking factorsno accountfor
spatialand temporaleffectsthat might alterna-
tively explainpatternsin theowl’s reproduction,
respectively.This analysisdifferedfrom the3-
factorANOVA usedno examinegeographic
variation in the owl’s dietwherenumberof
youngwas treatedas a predictorvariablerather
thana response.

Resultsfrom eachANOVA suggestedthat
the owl’s reproductivesuccesswas noninfluenced
by a singleprey speciesbum ratherby many
speciesin combination.Noneof the specific
prey groupssignificantly influencedowl repro-
ductivesuccesswhen diet frequencieswere
examinedseparately(Table 5.9). Time was a
significantfactor influencingthe owl’s reproduc-
tion (Table5.9) whenconsumptionof woodrars
or voleswas examined.Preyabundanceis known
to fluctuatethroughmime. Thus,effectsattrib-
utedto temporalvariation mayalso represent
associated changes inpreNTpopulations. How-
ever, it is morelikely thatthe owl’s reproductive
successwas influencedby tonal prey biomass
consumedin a givenyear,ratherthanby a single
prey species.For example,whenfrequenciesof
the three mostcommonprey groups,woodtats,
peromyscidmice andvoleswere combinedand
analyzed,diet was a nearly’ significantpredictor
of the owl’s reproductivesuccess(F = 2.930,
d.f. = 2, 98,P = 0.058). More owl youngwere
producedwhen moderateno high amountsof
thesecommon preywereconsumedin all three
studyareas(Figure 5.3).

Contraryto theaboveresults,certainprey
speciesmay bemoreimportantin certain
regionsof the owl’s range. Forexample,other
informationfrom Wardem al. (unpublished)
suggeststhat reproductivesuccessof Mexican

sportedowls in the SacramentoMountainsmay
increasewhen deermice populationsirrupt. In
1991,deermousebiomass averaged0.911 kg/ha
in mixed-coniferforests (Figure5.4a)and the
numberof youngproducedcorrespondedno the
numberof peromyscidmice consumed(Figure
5.4b). In 1992and1993,owl reproductive
successdecreasedcorrespondingwith a reduction
in deermouseabundanceandthe frequencyof
pemomyscidmice consumedby owls (Figure
5.4c). Reproduction amongowls dwelling in
steep-walled canyonsof the ColoradoPlateau
mayalso dependon a specializeddiem because
these owlsconsumea greaternumberof
woodramscomparedno otherlocalities(Table
5.1). Theseresultsmaybe exceptions,as mostof
our findingssupportmaintenanceof several
commonprey species,ratherthanenhancing
populationsof a few.

ZOOGEOGRAPHY AND
MACROHABITATS

OF COMMON PREY

As derailedearlier,Mexicanspottedowls use
a varietyof prey. Speciesregardedas “common”
are thosecomprising=10%of the owl diet by
relativefrequencyor biomasswithin a given RU.
Preycommonly consumedby the owlvaries
geographically(Table 5.10).This geographic
variation can beattributedno two primary
factors:the geographicrangeof theprey and the
degreeof symparryin macrohabimamsof the owl
andins prey. Below, weprovidean overviewof
basicmacrohabiramassociationsof commonowl
prey.

MAMMALS
Bats

As a group, bars arecommon preyin por-
tionsof the ColoradoPlateau,UpperGila
Mountains, andBasin andRange- West RUs
andtheyareconsumedoccasionallyby owls in
all RUs. If takenfrom outsideroosmsor nursery
colonies, batsmayrepresenta low-cost,opportu-
nistic food sourcefor theowls. No particular
speciesappearsto be used ingreatabundance;
bumwhen consideredas a group,theimportance
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Table 5.9. Factorsinfluencingproductionof Mexicanspottedowis in northernArizona, the SacramentoMountains,New Mexico, andthc Tularosa

Mountains,New Mexico, during 199 ~, 1 992, and 1 993. Consumptionof commonpreywascategorizedaccordingto the frequencyof that prey in the

owls’ diet; low (<330o), medium (3300 - 65.9%), and high (=6600).Higher order interactions of effects wcrc nonsignificant (P> 0.05) in testson

pcrornyscid miceor could not be quantificd in tcstswith otherpreybecauseof limited samplesizes.

Source ofVariation

Woodrats

(F dfl, df2 P)

PeromyscidMice

(F dfl, df2 P)

Voles

(F dfl, df2 P)

Pocket Gophers

(F dfl, df2 P)

Main effects 1472 5,115 0.204 1.805 6,98 0.106 1.514 5,115 0.191 1.311 5.115 0.264

Study area 0.250 2,115 0770 0.098 2, 98 0.907 0.591 2,115 0.555 0.166 2, 115 0.847

Year 3.117 2, 115 0.048 1.411 2,98 0.249 3.863 2,115 0.034 2.536 2,115 0.084

Prey consumption 2.140 1, 115 0.176 2.719 2,98 0.071 2.273 1,115 0.155 1.082 1,115 0.301

Explained 1.4~2 5,115 0.204 0.991 22,98 0.482 1.514 5,115 0.191 1.311 5,115 0.264

Residual
(Mean square, 1.111 115 1.135 98 1.110 115 1.119 115

Total
(Mean square, 1.133 120 1.133 120 1.133 120 1.133 120



Table 5.9. (continued)

Source of Variation

Rabbits

(F dfl,df2 P)

Other Medium Mammals

(F dfl,df2 P)

Arthropods

(F dfl,df2 P)

Main effects 1.207 5, 115 0.310 1.293 5,115 0.272 1.606 6, 114 0.152

Study area 0.177 2, 115 0.838 0.198 2, 115 0.820 0.249 2,114 0.780

Year 2.764 2,115 0.067 2.980 2, 115 0.055 2.897 2,114 0.059

PreyConsumption 0.584 1, 115 0.446 0.997 1,115 0.320 2.034 2, 114 0.135

Explained 1.207 5,115 0.310 1.293 5, 115 0.272 1.606 6,114 0.152

Residual
(Mean square,df) 1.124 115 1.120 115 1.100 114

Total
(Mean square,df) 1.133 120 1.133 120 1.133 120
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Figure 5.3. Reproductive success(meannumberof youngproduced)as a functionof low (<33%),
medium (33-65.9%),or high (=66%) consumptionof woodrars, peromyscidmice, andvoles,by
Mexicanspottedowls occurringin the SacramentoMountains,New Mexico, northernArizona,and

TularosaMountains,New Mexico. Vertical bars arestandarderrors.Numberof owl territoriesis
shownin parentheses.
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of bats totheowl maybeconsiderable(Tables
5.7and5.10).

Bars occupy many macrohabirams, ranging

from arid shrublandsto spruce-firforest. In
particular,rock crevicesandtreesnagsare
commonly usedfor roosningandraisingyoung.
Thesemicrohabitat componentsoften occurin
habitatsusedby Mexicanspottedowls for
roosningandnesting.

Rabbits

Cottontail rabbitsare commonpreyaccord-
ing to dietbiomass forall RUs except in the
ColoradoPlateau(Table 5.10). Rabbitscan
providea greatamount(50 to 400 g;
1.8-14.1oz) of foodper capturedindividual.
Desertandeasterncottontailsaremore com-
monly associatedwith xericvegetationtypes
suchaspinyon-juniper and oakwoodlands,
althoughWard (personalobservation)has

MED HIGH

observed easterncottontailswithin mixed-
conifer forestsof theSacramentoMountains,
New Mexico. Only scantinformationdescribes
thespecifichabitatassociationsof cottontailsin
New Mexico. Hoffmeisrer(1986) nonesthat in
Arizonabothdesertandeasterncottontails
inhabit pinyon-juniper,whereaseasterncotton-
tails alsouseoakwoodland.Typically, these
habitatsare relatively open witha well developed
grassunderstoty.In contrast,Nurrall’s cotton-
tails arefound in moremesicgrassyor rocky
areasnear pine,pine-oak, mixed-conifer,and
spruce-firforestsin the northernportionof the
owl’s range.

PocketGophers

Pocket gophersare commonpreywithin the
Basin andRange- WestandUpperGila Moun-
tainsRUs. Pocket gopherstypically inhabit
meadowsandmeadowedges,althoughtheyalso
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Figure 5.4. Biomass (kg/ha) of (a) commonprey occurring in mixed-conifer forests, (b) frequencies
of peromyscidmice consumedby Mexican spottedowlsstratified by numberof owl young produced,
and (c) average (±95%CI) number of owl young produced in the Sacramento Mountains, New
Mexico (Ward em al. unpublished).Bars in (b) represent variationamongowl pairs(standarderrors).
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Table 5.10. Preycomprising=lOt1oof relativefrequency(X) or biomass(0) in the diet of Mexicanspottedowis.

Prey Group Colorado SouthernRocky SouthernRocky UpperGila Basin& Basin& Sierra Madre
Plateau Mountains- Mountains- Mountains Range- West Range- East Occidental- None

Colorado New Mexico

Bats

Rabbits

PocketGophers

PeromyscidMice
Deer mouse
Brush mouse

— Canyonmouse

Woodrats
Mexican woodrar
Bushy-tailedwoodrat

Desertwoodrat
White-throatedwoodrat

Voles
Mexican vole

Mountain vole
Meadowvole

Long-railedvole

Birds

Arthropods

x

0 0

x

0

x

x
x

0

0

0
0

0 0

x0
x0
x0

0

x0

x0

x0

x0

x0

x0

x
x

x0
x0

x 0
x 0

x 0
x 0

x 0

x 0
x 0
x 0
x 0

x0

x0

x0

0

x0

x0

x0
x0

x0
x0

x0

x

x0

x0

x0

x x

x

x

x0

x

x0

0

x

Owl dietsclassifiedto prey generalikely include this speciesbascdon irs distribution.
b Undetermined.
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occurwithin woodlandsandforests.Borra’s
pocketgopher,northernpocketgopher,and
southern pocket gopher occur within the range

of the Mexican spotted owl. Bomma’s pocket
gopher is the most widespread, being found in
mostvegetationtypes.The northernpocket
gopher occurs in monmane habitats of the north-
em part of the owls’ range. The southern pocket

gopheris found in Basin and Range - West and
Mexican RUs. Both Hoffmeisrer (1986) and
Findley em al. (1975)noted that Botta’s pocket
gopher is ubiquitous whenever soil is suitable for

burrowing, whereas the northern pocket gopher
is more typically found in parks and meadows
within monmaneforests.Findley en al. (1975)
stated that the southern pocket gopher inhabits
shallow, rocky soils of pine forests.

PeromyscidMice

Eight peromyscidmice occurwithin the
range of the Mexican spotted owl. Only two
species, the deer mouse and brush mouse are

consumedregularlyby owls in all RUs (Table
5.10). A third species, the canyon mouse, is
likely consumedby owls dwelling in theColo-
rado Plateau RUand the rock mouse has been
reported in the diem of owls occurring in the
Basin and Range - East RU(Table 5.7).

The deer mouse is widespread, inhabiting all
vegetation types except high-elevation tundra

(Bailey 1931, Hall and Kelson 1959, Armstrong
1977, Goodwin and Hungerford 1979). High
reproductive success of spotted owls in the

Sacramento Mountains, NewMexico, (Basin
and Range - East RU) has been recorded during
irruptions of deer mice in mixed-conifer forests
(See Abundance and Distribution of Common

Prey, SacramentoMountains).
More restricted in distribution, the brush

mouse typically inhabits areas with extensive
rock and shrub cover in pinyon-juniper, riparian,

oak, and pine-oak woodlands (Wilson 1968,
Armstrong 1979, Svoboda em al. 1988).

Goodwin and Hungerford (1979) found that
brush mice inhabit rocky slopes in central
Arizona’s pine-oakforests,bum rarely usepure
standsof pine.

The canyon mouse occupies the canyon
walls, cliffs, and steep rocky slopes of northern

Arizona, Utah, northwestern NewMexico, and
westernColorado(Armstrong 1979,Johnson
and Armstrong 1987). Findley em al. (1975)
reportedthatthe canyonmouseis often found
in pinyon-juniperwoodlandsam thebaseof cliffs,
although Johnsonand Armstrong(1987) noted
thatvegetationassociationsare of limited impor-
tance relative no the presenceof suitablerocky
substrates.

The rock mouse is found in associationwith
rocky substrates generally above 1,900 m(6,230
fin) elevation (Findley em al. 1975, Comely em al.

1981). This speciesoccurs inmostof the United
Statesportionof the owl’s rangeand is often
symparricwith deermice andbrushmice (Wil-
son 1968,Comelyem al. 1981,Ribble and
Samson 1987).

Woodrats

Mexican, bushy-tailed,desert,andwhine-
throared woodrats are consumedby Mexican
sported owls. For the owl, woodramsprovidea
large mass of food per capture. This prey is a
primary food source forowls throughmostof irs
range bumparticularly in the canyon habitats of

the Colorado Plateau RU, where all four species
of woodrars are sometimes found (Table 5.10).

The Mexicanwoodratis perhapsthe most
commonwoodrar found within the range of the
Mexicanspottedowl. In occurswithin all RUs,
althoughpopulationsaredisjunctbecauseof the
species’ montane distribution(Comelyand
Baker 1986). The alnimudinal range of the Mexi-
can woodrat begins in the lower pine zone and
extendsupward throughmixed-coniferforests
where Findley em al. (1975)reported theyreach
their greatest abundance. Hoffmeister (1986; see
also Goodwin and Hungerford 1979) regarded
Mexicanwoodramsas rock dwellerswithin these
vegetationtypes,infrequentlyextendinginto
pinyon-juniper woodlands. Armstrong (1972),
however,reportedthat thisspeciestypically uses
pinyon-juniperwoodlandin westernColorado
and scrub-like oaks and mountain mahogany
vegetation along the easternfoothills northwards
almost to Wyoming. The range of Mexican
woodrars in Utah is restricted to the southeastern
portion of the state, east of the Colorado River.
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Presumably,thespeciesusessimilar habitatsin
Utah asin does in westernColorado.

Bushy-railedwoodratsare acommondiet
componentwithin the ColoradoPlateauand
bothSouthernRockyMountainRUs. This
speciesis acordilleranmammalof western
Colorado, norrhcenrral and northwestern New
Mexico, northeasternArizona, andeasternUtah
(Durrant 1952, Hoffmeismer 1986, Findley em al.
1975,Armstrong1972,1979).Finley (1958)
reported that bushy-tailed woodrats use a variety
ofvegetationtypes,primarilywoodlandand
shrublands.Theirdistributionmaydependon
the presenceof suitablerock outcropsrather
thanspecificvegetation(Finley 1958,
Hoffmeisrer1986). Arhigherelevations,these
outcropsinterruptopenforestsof Douglas-fir,
aspen, orponderosapinecontaininga well-
developedshrubunderstory.Typically, lower
elevationsinesaredominatedby pinyon and
juniper.

The desertwoodratis consumedby owls in
the ColoradoPlateauRU. This speciesis most
abundantin theArizonastripwhereit inhabitsa
variety of plant communitiesincludingcreosote
bushandcacti tojunipersandpine(Hoffmeismer
1986). Desertwoodrats frequentlynestin
crevicesof cliffs androck outcropswithin
juniper or shadscaleplant communitiesof Utah
andColorado, below 2,000m (6,560ft) eleva-
tion (Finley 1958).

White-throatedwoodratsarecommonprey
of owls occurringin the UpperGila Mountains
andBasin andRange- WestRUs andare less
frequentlyconsumedby owls in otherRUs. This
woodratspeciesis typically distributed belowthe
conifer belt,althoughin can befound in pinyon-
juniperwoodlands(Hoffmeismer1986).

Voles

Four speciesof voles are common prey of the
Mexicanspottedowl including the Mexican(or
Mogollon vole [afterFrey andLaRue 1993]),
mountain,meadow,and long-tailedvoles (Table
5.10).Threeof thesespeciescan beordered
alongan environmental moisturegradientfrom
semi-arid(Mexicanvole), mesic(mountain
vole), no hydnic (meadowvole). Long-tailedvoles

inhabit environments along the entire gradient
(Gerz 1985).

The Mexicanvole is common within the
greatestnumberof RUs, including Basin and
Range- East,SouthernRockyMountains- New
Mexico, andUpperGilaMountainsRUs. Iris
fairly widely distributedin ArizonaandNew
Mexico, bum it is confinedto the southeastpart
of Utah andno southwestColorado.This
speciesoccursin the widestrangeof habitatsof
anymicrotineand is generallyassociatedwith
xeric grassylocationsextendingfrom pinyon-
juniper no spruce-firzones(Armstrong1972,
FindleyandJones1962,Findley em al. 1975,
Finley em al. 1986, Hoffmeisrer 1986,Frey and
LaRue 1993).

The two speciesassociatedwith wetcondi-
tions (mountain andmeadowvoles) generally
occurin the northernportionof the owl’s range.
Mountainvolesare commonprey in theColo-
rado Plateauandboth SouthernRockyMoun-
tain RUs. In theseareas,the mountainvole
occupies forestmeadowsrangingin elevation
from open pine-oakto spruce-firforests.
Armstrong(1977) found mountainvoles in
densegrasscoverwith a sparseoverstory.This
vole’s geographicrangeincludesmost monrane
regionsalongthe north-southaxesof Colorado
andUtah, northernNew Mexico, andthe Whine
Mountainsin Arizona. Meadowvolesoccurin
bothSouthernRockyMountainsRUs where
permanentwater is providedby springsand
marshes(Armstrong 1972,Findleyem al. 1975,
Finley em al. 1986).

The long-tailedvole occurswithin the

SouthernRockyMountains- NewMexico,
UpperGila Mountains, andBasin andRange-

EastRUs. Findley em al. (1975) reportedthatin is

associatedwith meadowsand forestedge,being

most commonin the mixed-coniferandspruce-

fir zonesbum alsousingmixed-coniferstringers

foundalongcanyons inthe ponderosapinezone.

Armstrong(1972, 1977) notedthat this
microrinerequires agrassyunderstoryless than

othervole speciesbecausein is oftenfound
within forestssupportingminimal grasscover.
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Birds

Birds are commonprey for the owls in the

SouthernRockyMountains- NewMexico,
UpperGila Mountains,andBasin and
Range- WestRUs where numerousspecieshave
been identified in pellets (Table 5.7). The
importanceof birds no spottedowls is uncertain.
Birds docontributeno thediversity of preytaken
by owlsandmayprovidefood resourceswhen
smallmammalsarelessabundant.However,use
of birds as preyis likely seasonal becausemanyof
thepasserinespeciesconsumedby owls are
migramoty.All speciesidentified in the owls’ diem
to dateare forestdwellers.

Arthropods

Arrhropods are commonprey of spotted

owls in the ColoradoPlateau,SouthernRocky
Mountains- Colorado,SouthernRockyMoun-
tains- New Mexico, andUpperGila Mountains
RUs. Manyspeciesareconsumed(Table 5.7).
The importanceof amrhropodsto spottedowls is
also uncertain.If oneconsiders biomass alone,
amrhropodscontributelittle no the owl’s diem.
However, amrhropodsmayprovidea low cost,
high quality food takenopportunistically.
Descriptionof macrohabirarsof amnhropods
consumedby sportedowls is beyondthe scope
of this document. Active management of arrhro-

pod populationsfor owl recoveryis probablynor
necessary.

ABUNDANCE AND
DISTRIBUTION OF

COMMON PREY

The availability of prey to Mexican spotted
owls depends on prey abundance, the vulnerabil-
ity of the prey no capture by the owl, and the
probability thatthe owl andirs preyoccurin the
samehabitat.All of these factors vary byhabitat
condition. In addition, theamountof energy
availableno the owl will vary accordingno the
type,size,andconditionof the prey. Thus, in is
usefulno convertprey numbersinto valuesthat
reflect energyinput. Becauserodentsare the
mostcommonpreyof thespottedowl, we

assumethatmostof the difference in energy
contentamong mammalianprey can beattrib-
uredto bodymass.

Althoughno informationexists on the
vulnerability of different prey species no capture
by Mexicanspottedowls, estimatesof common
preyabundanceandmasswithin severaldifferent
vegetation communities are available from

researchconductedin northernArizona (Block
and Ganey, unpublished) and the Sacramento
Mountains,NewMexico (Wardem al., unpub-
lished).Thesetwo studies provideestimatesof
biomassandmicrohabitatassociations(See Prey
Habitat) for the owl’s common prey in four

differentvegetationcommunitiesused byowls
for foraging, ponderosa pine-Gambel oak,
mixed-conifer, high-elevation meadows, and

pondemosa pine-pinyon-juniper woodlands. The
methods and results of both studies are briefly

describedbelow.

Northern Arizona

Methods

Small mammalpopulations were sampled

usinglive-trappingandmark-recapturetech-
niquesfrom November1990throughDecember
1992within homerangesof five owl pairs.The
purposeof the samplingwas no estimatebiomass
of the owl’s commonprey and determine the
prey’s distribution. Commonpreyweredeter-
mined from owl pellets collected during this

study.
The study area consisted of pondemosa pine-

Gambel oak forest, although each trapping grid
was uniquewith respect tothe relativecomposi-
tion andstructureof the vegetation. Ancillary
trappingwas conductedwithin thewinter range
of two owlsthat migrateddownwardto pinyon-
juniper woodlandin the VerdeValley. This
trappingwas confinedno five setsof smaller
trappinggrids (describedbelow) for a totalof
574 trapnights.

Trappinggrids wererandomlyestablishedam
generalforagingareasidentified by radio telem-
etry (GaneyandBlock, unpublisheddata).Traps
werearrayedin 10 x 10 or 2 x 10 grids with
20-in (65.5ft) spacingsbetween stations.The
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larger grids were used no estimate both density

and habitat correlates; the smaller grids were
used only no assess habitat use by species (see
Prey Habitat). Large Sherman live traps (size
8 x 9 x 23 cm [3 x 3.5 x 9 in]) were placed am

each grid station; extra-large Sherman live traps
(size lOx 18x60 cm(4x4.5x15 in) were
placed am alternate stations. Two sizes of traps

were used to minimize the potential bias against

capturing larger prey such as woodrats in the
smaller traps.

Grids were trapped from 3-7 nights during
each trapping session. Traps were left open
during the day to sample diurnal sciurids. The
goal was to continue trapping until 90%of all

captures were recaptures no approach assump-
nions of population closure. This goal was
typically reached between five and seven nights.
During periods of inclement weather, however,

we relaxedthis goalno minimize trapping
mortalities. Each grid was trapped for 5-7

sessions during the study. Total trapping effort
was 49,911rrapnighrs (adjustedfor closedand
unoccupied,or otherwise unavailabletraps).
Whenan animal was captured, in was identified
no species, weighed, and marked by roe clipping.

Abundancewas estimatedas thenumberof
individualsper effectivesamplingarea(ha) using
closed population estimators (Program CAP-
TURE; Otis em al. 1978,Whine em al. 1982).
Although thenumberof individualscapturedat
somegrids duringsome seasonswas insufficient
for producing unbiased estimates, we considered

the closed population estimators in Program
CAPTUREmore appropriate than minimum
numbersalive per grid area.The formerpermit-
red estimating capture probabilities and sam-
pling variances plus population size; the latter

would non.
Biomassof commonprey, expressedas

kilograms per hecrare(kg/ha),was calculatedas a
product of prey density and average mass. The

delta method (Goodman 1960) was used no
estimate the sampling variance of biomass from

the variances associated with sampling prey

density and mass.

General Distribution

The three primary prey species captured in
ponderosa pine-Gambel oak forests were deer
mouse,brushmouse,andMexicanwoodrar.
Other prey species captured included pinyon

mouse, whire-throamed woodrat, Stephens’
woodrar,Mexicanvole, rock squirrel,gray-
collared chipmunk, and cliff chipmunk. Brush
mice and whire-throared woodrams were captured
with thegreatest relativefrequencyin pinyon-
juniper woodlands. The trapping efforts did not
sample prey species such as pocket gophers,
cottontail rabbits, birds, and armhropods. Fur-

ther, only the three primary species were cap-
tured in sufficient numbers no permit density
calculations or estimates of habitat correlates.
Thus, our analyses of population size and habitat
use address only these three species.

Population Abundance

The deer mouse was the most abundant
species captured, followed by the brush mouse

and Mexican woodrar. A seasonal trend of
decreased prey biomassduringwinter was noted
(Figure 5.5a). Preyabundanceandbiomassalso
variedby year (Figure 5.5a)andamongowl
territories (Block and Ganey, unpublished data).

Sacramento Mountains

Methods

The Sacramento Mountains are located in
sourhcenrral NewMexico. An investigation of

the abundance and distribution of common
mammalian prey began in 1991 and is ongoing
(Ward em al., unpublisheddata).Commonprey
were determined from owl pellets collected
during this study. Abundance was estimated
amongthreegeneralvegetationcommunities
using mark-recapture methodology.

The three communities included mesic
forests,xeric forests,andmeadows. Mesicforests
were amixture of Douglas-fir,white fir, south-
westernwhite pine,ponderosapine, and
Englemann spruce (i.e., mixed conifer). Mead-
ows consistedof forbsandgrassesandwere
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associatedwith drainage bottoms adjacentno
mesic forests. Xeric forests included ponderosa
pine,pinyon, juniper,andlow-growingoaks.

The same two sizes of live-traps described for

the northernArizona studywere usedno capture
prey in the Sacramento Mountains. Traps were
also arranged similarly, with the following

exceptions. In 1991, four 13-ha (32.1-ac)

trapping grids were established as part of a pilot
study.Two grids wereplacedin the mesicforest
and two in the xeric forest. In 1992 and subse-
quent years, six 4-ha (9.9-ac) trapping grids were
placedin eachof the mesicandxeric forest
types.Trapswerearrayedas 11 x 11 stationgrids.
In addition, six 1.8-ha (4.5-ac) grids were
established in meadows. Each of thelatter grids
consistedof 105 largeShermantrapsspaced
15 m(49.2 ft) apartin a 5 x 21 array.

All grid sites were selected randomly from a
list of known Mexican spotted owl territories.

Grids wereplacedas closeno a nestor roostarea
as possible whilemaintaininghomogeneityat a
scaleanalogousto aforest stand.In addition,
each grid was =0.8 km (0.5 mi) from a nest or

roost no ensurethat the sirewas available for use
by sportedowls.

All captured individuals were marked with

uniquelynumberedeartags in bothears. Lossof
both tagsduringan eight-nighttrappingsession
was lessthan 1% for all markedspecies.All other
methodsof samplinganddata collectionwere
similar to the studyin northernArizona (Block
andGaney,unpublisheddata).We therefore
consideredtheresultsof bothstudiesto be
comparable.Preyabundanceandbiomasswere
estimatedusingthe sameprocedures described
for the northernArizonastudy. Testsfor spatial
and temporaldifferences in prey biomass were
conductedusinga two-factorANOVA.

General Distribution

lamionsfrom thesepreygroups.However, the
exact sizesof consumed individualswereunde-
rerminedand therangeof massfor larger prey
consumedby owlscould have beenconsiderable.
For example, thesizeof acottontailtakenby a
sportedowl could range50 no 400g (1.8-14.1
oz) whereas aperomyscidmousecould range10
no 40 g (0.4 no 1.4 oz). This potentially results in

upwardlybiasedestimatesof biomassfor larger
speciesin theowls’ diem. For thisreason, weare
uncertainabouttherole of conronmailsandother
medium-sizedpreyas commonfood resources
for the owl. In contrast, armhropods comprised

11.4%of the diet bun were nor considered
energeticallyimportantbecauseof their small
mass(1-2 g [0.04-0.07 ozB.

Five speciescommonin theowl’s diet were
capturedregularlyduring live-trapping.The
distribution of each species varied by vegetation
community.Deermice were found in all three
communities.. Brush micewere restrictedno the
xeric forest typeandwereprimarily associated
with areascontainingshrub-formoaks.Long-
nailedvoles andMexicanvolesweremorecom-
mon in meadows,bun theyalsooccupiedthe
transitionzonesbetweenmeadowsandmesic
forests.Mexicanvoleswerealso found infre-
quently in xenic forests.Mexicanwoodrats
occupiedmesicforestsand theecotone between
theseforestsandmeadows,aswell as xeric
forests.Medium-sizedmammalssuchasthe
gray-footedchipmunk werefound in mesic
forests,theedgesbetweenmesicforestsand
meadows,andrarely in xericforests.Cottontail
rabbitsandred squirrelswereonly encountered
in mesic forests. However, our sampling proce-

dureswere inadequatefor estimating abundance
and distribution of these species and of
arrhropods.

Population Abundance

Commonprey included woodrams,
peromyscidmice, voles, arnhropods,cottontail
rabbits,andothermedium-sizedmammalssuch
as long-tailedweasels,red squirrels,andchip-
munks(Tables5.3and5.6). Cottontails and
othermedium-sizedmammalswereconsumed
infrequentlybun largerestimatesof massfrom a
few individualsresultedin larger biomasscalcu-
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Total biomass (kg/ha) of five commonprey

(Figure 5.5b)variedannuallyover thethree
summers1991-1993(F= 12.7, d.f. = 2, 32,

P < 0.001) andalsoseasonallyduringrhe sum-
mer-fall-winnerperiodof 1993-1994(F= 17.0,
d.f. =2,21, P< 0.001). Fluctuations in prey
biomassalso varied byvegetationcommunity
during bothannual(F= 3.5, d.f. = 2, 32,
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P = 0.009) and seasonalcycles (F = 5.8, d.f. = 2,

21,P = 0.010). The general trend was that prey

biomasswas moderatelyhigh during thesummer
(whenowls feedtheir young)of 1991,peaking
in 1992, then decreasing to moderate levels in

1993 (Figure 5.5b). Further, temporal trends
differedby vegetationcommunity.Prey biomass
decreased in mesicforestsandmeadows over
consecutive summers but increased then de-
creased in xeric forests during this same period
(Figure 5.5b). This relationship was evident by a

statistically significant interaction of vegetation
communityandyear onpreybiomass(F = 3.3,

d.f. = 3, 32, P55 0.032).Whereas preybiomass
pooledacrossall communitiesdecreasedfrom
the summerno fall of 1993 beforeincreasing
slightly in thewinter (Figure 5.5b),seasonal
trendsdifferedamongcommunities(F = 17.0,

d.f. = 2, 21, P < 0.001).Thesepatterns also
showedan interactiveinfluenceof seasonand
vegetationcommunityon preybiomass(F = 3.0,
d.f. 552,21, P550.044).Thus, abundance of
potential food resourcesfor the Mexicanspotted
owl in theSacramento Mountainsare tempo-
rally variableand habitat dependent.

The variationsin total preybiomass were
also reflected in the population dynamics of
differentspecies(Figure 5.6a). Forexample,deem
mice densitieswithin mesicforestspeakedin the
summerof 1991 anddeclinedthroughthe
summerof 1993 whilemaintaininglow densities
in the meadows (Figure 5.6b). Deer mice in
xeric forestsmaintainedlower, relatively stable
densitiesthatpeaked insummerof 1992 (Figure
5.6c).In contrast, Mexican voles maintained
low, stable populations in the mesicforestsbun
increaseddramaticallyin meadowsandmoder-
ately in xericforestsin thesummerof 1992
before crashing in both habitats during the

summerof 1993 (Figure 5.6).
In summary, the two studiesindicate that

the owl’s food resources arequitevariableamong
vegetation communities and through mime.
Arranging the four vegetation communities
examinedin these twostudiesin descending
amountof summerprey biomass indicatesthat
meadows> mixed-conifer forest>ponderosa
pine-pinyon-juniper-oakwoodlands> ponderosa
pine-Gambel oak forest. When considering
other factors that influence the availability of

prey, mixed-coniferforestslikely providethe
greatestamountof food duringsummerperiods.
Rearranging the same communities according no

winner prey biomass indicates that meadows>
ponderosapine-pinyon-juniper-oakwoodlands>
ponderosapine-Gambeloak forest>mixed-
conifer forest.Accountingfor the availability of
prey, woodlandswith amixture of ponderosa
pine, pinyon-juniper,andoaks providemore
preyno owls duringwinter monthsthanthe
other three communities. However, temporal

peaksof preycycles arenon correlatedamong
thesecommunities.That is, whenprey are
abundantin mixed-coniferforestoneyearand
low a subsequentyear,an oppositepatternmay
occurin a differentvegetationcommunity.The
asynchronyof abundanceamongpreyspecies,
vegetation communities, and time may provide a

buffer againsttheeffectsof extremeoscillationin
preycycles.This implies maintaininga mixture
of vegetationcommunitieswithin theowl’s
foraging range.

Results of both studies also showed that the
owl’s food is mostabundant duringthe summer
whenyoungarebeingraised.Decreases inprey
biomassoccurfrom late-fall throughwinter.
Seasonaldecreases, like these,are typical of small
mammalpopulations.Unfortunately,explana-
tions for fluctuationsin smallmammalpopula-
tionsare equally variableandincludeartificial
random patterns in population data, weather

changes,behavioral mechanisms,predation,and
age-related effects on demographic processes
(e.g. fecundity, dispersal;seereviewsby Conley
and Nichols 1978, Finerty 1980).

Althoughthe reasons forseasonal declinesin
preyand their ramificationson theowl havenor
beenquantified,conditionsthatincreasewinter
food resources willlikely improveconditionsfor
theowl. For example,Hirons (1985) hasshown
than large body reserves of far and protein are

essentialduring incubationby femaletawnyowls
for successfulreproduction.Abundantprey
populationsduringwinter andearlyspring
periodsincreasethe likelihood of egg layingand
decreasethe rate of nest abandonment (Hirons
1985).

Obviously,therewill be little recourse for
enhancing prey populations if factors like pre-
cipiramion, temperature, or amount of snow
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coverarethemajorcausesof declinein prey
populations. The degree to which habitat ma-
nipularion can ameliorate against weather effects
or enhancepreyavailability requires investiga-
tion andis encouraged.Successfulmanipulation
mayprovidea potent tool for recoveringMexi-
can spotted owls or other predators in the future.

PREY HABITAT

Ensuringadequatefood for theowl requires
conservingandpossiblyrestoringhabitatof the
owl’s prey. Ideally, to succeed,those featuresof
the environmentthat consistentlycauseincreases
in abundance and availability of desired prey
speciesshouldbe identified. In reality, few
habitatstudiesareso revealing orprecise(see
Vemnerem al. 1986).However,habitatstudies
oftendo identify patterns anddescriptivecorre-
latesof animaldistributionor abundance.
Although crude, this typeof informationfre-
quentlyis all that is available forpredictingthe
outcomeof planningdecisionsor management
prescriptions.

In the absenceof cause-effectrelationships
amongtheowl’s preyandirs habitat,we present
habitatcorrelates forthe distributionof several
commonprey species.This informationwas
determined from the same studies of prey
abundanceconductedin northernArizona
(Block and Ganey, unpublished data) and the

Sacramento Mountains (Ward em aL, unpub-
lisheddata).

Northern Arizona -. Pine-.oakForest

Field Methods and Statistical Analyses

Habitat-samplingplots wereestablishedas a
5-in [16.5-fr) radiuscenteredam eachtrapping
station(n = 1,260). Coverby grass,forbs, rock,
deadwoodydebrisof threesize classes(<1 cm
[0.34 in], 1-10cm [0.39-3.9 in], >10 cm [3.9
in]), and live woody vegetation an four height

strata(<1 m [3.3 ft], 1-2 m [3.3-6.6fin], >2-5 m
[6.6-16.4 ff1, >5 m [16.4 ft]) wereestimatedas
the percentageof 10 point intercepts(at 1-in
[3.3 ft] intervalsalonga randomly oriented
transect)covered by eachof thesevariables.Tree

diametersweremeasuredwith a dbh tape;
heightsweremeasuredwith a clinomemer.Shrub
andslashpile heightsweremeasuredwith a
meterstick. Mid-point diametersandlengthsof
logswithin theplot weremeasuredwith a
measuringnape.Numbersof treesandshrubsby
specieswere recorded.Slopewas measuredwith
a clinomener and aspect with a compass.

Deer mice, brush mice, and Mexican
woodramswerecapturedin sufficient numbersto
permithabitatanalyses.Stationswhereeach
specieswas capturedwerecontrastedwith those
wherein was noncapturedusinganalysisof
variancewith owl territory asa blocking factor.
Two other analyses were also conducted. Logistic
regressionwasused to examine differences
between stationswhereeachspecieswas andwas
nor captured that maynon have been identified
in theANOVA. Srepwisemultiple linear regres-
sion (Draper andSmith 1981)was usedno
evaluaterelationshipsbetweensmallmammal
population levels and habitat characteristics. The
dependent variable was the number of trapping
stations/gridwherethe specieswas captured.
Independentvariables werehabitatcharacteris-
tics aggregatedacrossthe grid.

Results

Deermice usedmoreopensines,on gentler
slopes,andwith lessshruband midsmotycanopy,
smaller densitiesof Gambel oaktreesandshrubs,
bum more slash piles and greater litter depth than

stationswhereit was nor captured(Table5.11).
In contrast, brush mice and Mexican woodrats

both used sites characterized by greater slopes,
low vegetationcover,sparser treecanopy(>5 m
[16.4 ft]) cover,moreGambel oakshrubs,and
greaterlog volumethanareaswheretheywere
nor captured(Table5.11). Further,brushmice
usedareaswith greaterGambel oaktreedensity
and basal area and less ponderosa pine basal area

thanfound am stationswherein was nor captured.
Tree basal area am sites where Mexican woodrans
werecapturedwas significantly less andtotal
rock cover was significantly greater than am sines
wherein was noncaptured.

Generally,resultsfrom logistic regression
analyses corroborated results of the univariare

analyses.Deermicewere associatedwith areasof
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Table 5.11. Dcscriptivestatistics(meanswith SE in parentheses) ofselectedhabitatvariablescharacterizing habitatsof commonmammalianprcy of

Mexicanspoutedowls (4 territories) in ponderosapine-Gambel oakforests,northernArizona, 1990-1992.

Variable

DeerMouse BrushMouse Mexican Woodrat

Capturestations~ P1 P.’ Capturestations P~ P~ Capturestations P P

(n = 669) (o —295) (o ~204)

Slope 15.0 (0.5) 21.8 (0.8) 19.6 ~1.1)

Cover (%)
Grass
Rock

Down wood (<1 cm)

Down wood (1-10 cm)
Down wood (>10 cm)

Vegetation (<1 m high)
Vegetation(1-2 m high)
Vegetation (2-5 m high)
Vegetation (>5 m high)

Shrubdensity(#1plot)
Gambeloak

Ponderosapine

New Mexicanlocust

All species

4.5
21.8

2.6

4.6
2.5

5.6
6.4

14.2

31.8

(0.3)

(0.8)

(0.3)

(0.3)

(0.2)

(0.5)

(0.5)

(0.8)

(1.2)

3.0 (0.1)

1.4 ~0.1)

1.3 (0.1)
6.0 (0.2)

3.3

28.1

2.2

3.7
2.3

13.1

12.8

* 24.3
29.6

K 5.4

1.7

2.8

K 10.5

(0.4)

(1.4)

(0.4)

(0.4)

(0.3)

(1.3)

(1.1)

(1.6)

(1.8)

(0.3)

(0.2)

(0.2)

(0.4)

4.7

30.2

2.3

K 4.3

3.0

12.0

12.9
20.4

K 25.4

5.2 (0.4)

1.5 (0.2)
2.1 (0.3)

9.3 (0.5)

Tree density(#/plot)
Gambeloak

Ponderosapine

All species

Treebasalarea(m2/ha)
Garubeloak

Ponderosa pine

All species

Log density(#Iplot)

(0.6)

(1.8)

(0.4)

(0.6)

(0.5)
(1.5)

(1.5)

(1.8)
(2.1)

0.5 (0.1)
2.4 (0.1)

3.0 (0.1)

K 0.9 (0.2)

2.6 (0.2)

3.5 (0.3)

2.4

15.2

V.8

(0.3)

(0.6)

(0.7)

07 (0.1)

2.2 ~0.2)

2.9 (0.2)

0.6 (0.0)

4.4 (0.8)
11.9 (1.3)

16.4 (1.5)

0.6 (0.1)

2.0 (0.4)

12.2 (0.9)

14.6 (1.0)

0.6 (0.1

Log volume (m3/ha) 15.7 (1.9) 27.3 0.5) 27.9 (6.0)



Table 5.11. (continued)

Variable

Deer Mouse Brush Mouse Mexican Woodrat

Capturestations
P

P~ Pj Capturestations p ~ Capturestations Th P
(a = 669) (n =295) (a =204)

Slash piles (#/plot) 0.2 (0.0) > 0.0 (0.1) K 0.1 (0.0)

20.7 (0.7) K 23.8 20.6 (1.3)Litter depth (mm)

a Stationswherethe species wascapturedat least once.

~ Comparisonsof capturevs. noncapturcstations: >, significantly greater(P K 0.05) at capturestationsthan noncaprurestations:K, significantly less (P K 0.05) at capture stationsthan
noncapturestations.

Resultsof testson territory effect:~, significantly different (P K 0.05) amongterritories;~, significantly different (P K 0.05) amongterritories.
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little slope,Gambeloak, andmid-story(2-5 m
[6.6-16.4 ft]) vegetation.Brush miceandMexi-
canwoodratsusedareaswith greatershrub
density, rockcover, logvolume,and Gambel oak
cover.

In the multiple regressionanalysis,no

variableenteredthe modelfor deermice, sug-
gesningthat in is ahabitatgeneralist.Two vari-
ables,shrubdensity andgrassheight, enteredthe
regressionmodelfor brushmice. These two
variablesaloneexplained>96%of thevariation
in the data set. For Mexican woodrans, shrub
densityandslopeenteredthe modelandex-
plained>92%of the variation in numbers.Thus,
bothbrushmice andMexicanwoodranswere
apparentlymoresmenotypicin habitatthandeer
mice andcloselyassociatedwith shrubcover
providedby Gambel oak andNew Mexican
locust.

SacramentoMountains

Field Methods and Statistical Analyses

Habitat characteristics were measured within
circularplots of 5-in [16.4-ft] radiuscenteredan
about 80% of the trap stations (n = 1,416).
Stationswerestratified by vegetationcommu-
nity: mesicforest (n = 583),xeric forest
(n = 578), andmeadow(n = 255). Within each

plot, methodssimilar to those described above
were usedwith the following exception:tree
basal areaand densitywereestimatedwith a
plonlessmethodusing 10- and20-factorprisms
rather than the plot methods used in the ponde-
rosapine-Gambeloakforest of northernAri-
zona.Also, coverofwoodyvegetationby height
stratawas not recordedin the Sacramento
Mountains.

Deermice, brushmice, Mexicanwoodrars,
long-nailedvoles,andMexicanvoleswerecap-
turedin sufficient numbersno permithabitat
analyses.Statisticalanalysesfor eachspecieswere
doneseparately byvegetation community.
Habitatcharacteristicsof trap stationswherea
specieswascapturedwerecontrastedwith
stations where they were non captured using
Student’st-resn.A randomsampleof unused
stationsequalno thenumberof usedstationswas

selectedno meetthe assumptionof equalsample
size exceptfor Mexicanvoles in meadows,which
werecapturedan>75%of thetrap stations.
Consequently,a subsetof usedstationsequalto
the availablenumberof unusedstationswas
randomly selected (n = 62) for conductingthe
analysis.Logistic regressionwas alsousedno
determine therelative valueof variablesin
distinguishingbetween stationswherethe
animal was and was non captured. This second
analysiswas usedno detectothervariablesthat
might identify habitatcorrelatesnon identified
by useof Studentt-resms.

Results

Mesic Forests.—Microhabiman analyses were
possible fordeermice, Mexicanwoodrats,and
long-mailedandMexicanvoles. Deermice were
capturedin areaswith little herbaceouscoverand
extensiveexposedsoil (Table5.12).Resultsfrom
the logistic regression indicated that deer mice
usedareaswith less herbaceouscoverandgreater
densitiesof live conifer trees.Mexicanwoodrars
usedareasthathadgreatershrubbum lessherba-
ceous cover (Table5.13). Shrubcoverwas the
only variableincludedin thesnepwiselogistic
regressionmodelof habitatuse byMexican
woodrars.Long-tailedvolesoccurredin areas
characterizedby less slope,lesstree coverand
exposed soilbungreaterherbaceouscover, fewer
stumps,greatershrubnumbers,andfewer
conifer snags(Table5.14).Accordingno the
logistic regressionmodel, long-tailedvolesused
areaswith less exposedsoil, greatershrubdensity,
and less slope. Mexican voles used sites with less
shrub, treeandexposedgroundcover,greater
herbaceouscover, fewer shrubs,fewer conifer
seedlingsandsaplings, lowerdensityandless
basal areaof deciduoustrees(Table5.15).
Mexicanvolesusedsiteswith less tree coverand
lower deciduoustreedensityaccordingno the
logistic regressionmodel.

Xeric Forests.—Habitatanalyseswere
possible fordeermice, brushmice, Mexican
woodrars,andMexicanvoles.As in mesicforests,
deer mice occupying xeric forests were captured
in areaswith moreexposedsoil thanan
noncaprurestations(Table 5.12).In contrast
with mesicforests,deermice in xeric forests were
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Table 5.12. Habitat characteristics usedby deermice in threevegetationcommunitiesof the SacramentoMountains, New Mexico. Only thosevariables

that differed significantlybetweentrap stationswhere deermice wereandwerenot capturedare reported.

Mesic Forest Xeric Forest Meadow

Random Useda Random Useda Random Used)
Variable (n=155) (n=155) (n=185) (nz-185) (nr40) (n=40)

Slope (degrees) 37.7 (1.1) 38.7 (1.1) 32.1 (0.6) 27.3 (0.7)*~~ 15.8 (1.2) 21.5 (1.9<

Herbaceous cover (%) 40.8 (2.6) 31.0 (2.3)*~ 36.7 (1.8) 33.7 (1.8) 95.0 (2.6) 87.3 (3.3)

Shrub cover (%) 26.8 (2.1) 22.5 (2.2) 15.4 (1.4) 19.6 (1.6< 2.3 (1.0) 3.5 (1.9)

Rock cover (%) 3.7 (0.8) 5.0 (0.9) 30.3 (1.8) 21.7 (1.6)*~~ 0.3 (0.3) 0.8 (0.4)

Bare ground (%) 54.5 (2.6) 62.6 (2.4< 38.4 (2.0) 48.3 (1.8)*~ 2.0 (0.9) 9.3 (2.7)~

Litter depth (cm) 30.2 (1.7) 30.5 (1.6) 15.5 (1.0) 18.9 (1.2)* 8.5 (1.9) 3.0 (1.2<

Grass-forb height (cm) 4.2 (0.5) 3.0 (0.4)* 5.3 (0.4) 4.9 (0.4) 21.3 (1.8) 19.8 (2.1)

Shrub species richness 4.8 (0.2) 4.4 (0.2) 3.2 (0.1) 3.5 (0.1)’~ 0.2 (0.1) 0.8 (0.3)*

Conifer tree density
(10 BAF prism) 3.3 (0.3) 3.7 (0.4) 0.8 (0.1) 1.9 (0.3<* 0.4 (0.2) 0.7 (0.3)

Conifer tree density
(20 BAF prism) 6.6 (0.3) 7.8 (0.4<~ 2.5 (0.2) 3.7 (0.6) 0.8 (0.2) 1.2 (0.5)

Conifer basalarea
(m3lha) 30.3 (1.2) 35.9 (1.7<~ 11.5 (0.7) 17.0 (2.8) 3.8 (1.1) 5.4 (2.1)

Sigr r-tesuof used ~ random plots areindicatedby: P < 0.05, * P < 0.01 < 0.001.



Table 5.13. Habitatcharacteristicsusedby Mexicanwoodrats intwo vegetationcommunitiesof the SacramentoMountains,New Mexico. Only those

variablesthat differed significantlybetweentrap stationswherewoodratswereandwere not capturedare reported.

Mesic Forest Xeric Forest

Variable

Herbaceouscover (%)

Shrub cover (%)

Random
(iis3S)

(5.6)

(3.8)

(6.6)

Used)

(n= 35)

(3.8<

(54)**

(5.5)

39.1 24.3

18.9 36.9

Shrub density (#/plot) 34.0 42.7

Gray oak density (#Iplor) 0.0 0.0

Shrub, sapling, & seedlingdensity 51.1 (11.2) 60.8 (8.2)

Significantt-tesrsof usedvs. random plots are indicatedby: P < 0.05, P < 0.01, P < 0.001.

Random

(n=66)

34.8 (3.2)

13.5 (2.2)

33.7 (4.3)

24.5 (4.0)

40.2 (4.6)

Useda

(n=66)_______

31.7 (2.8)

23.0 (3.0<

63.6 (14.0)*

52.9 (13.8)*

72.6 (14.3<



Table 5.14. Habitatcharacteristics usedby long-tailedvoles in two vegetationcommunitiesof the SacramenroMountains,New Mexico. Only those
variablesthatdiffered significantlybetweentrap stationswherelong-tailedvoles wereandwere notcapturedare reported.

Mesic Forest Meadow

Variable

Slope (degrees)

Herbaceouscover (%)

Treecover (%)

Bare ground (%)

C>
Litter depth (cm)

Grass-forb height (cm)

Stump density (#/plot)

Shrub density (#/plot)

Shrub, sapling, & seedling density

Shrub speciesrichness

Conifer snagdensity
(20 BAF prism)

Conifer snagBA (m3/ha)

Random
(n=156)

42.4 (1.1)

25.1 (2.1)

76.3 (2.2)

71.0 (2.2)

34.9 (1.6)

2.7 (0.3)

0.8 (0.1)

36.3 (2.6)

53.2 (3.9)

4.9 (0.2)

0.8 (0.2)

3.9 (0.8)

Useda
(nz=z 156)

56.4 (2.3)*~

62.4 (2.8)*~*

29.3 (1.7)~

5.7 (0.6)~

0.5 (0.1)~

59.4 (7.3<~

76.1 (8.5)*

4.7 (0.2)

0.4 (0.1)~

1.9 (0.3<

Random
(n=45)

16.7 (1.2)

96.4 (1.2)

16.7 (4.5)

3.6 (1.2)

6.7 (1.6)

20.6 (1.8)

0.0 (0.0)

6.2 (2.6)

12.0 (5.2)

0.4 (0.1)

0.1 (0.0)

0.3 (0.2)

20.1

90.0

20.9

8.0

3.7

21.3

0.0

18.3

30.0

1.0

Useda
(n=45)_____

(1.7)

(2.8<

(5.2)

(2.7)

(1.4)

(1.8)

(0.0)

(5.0<

(8.9)

(0.2)

0.0 (0.0)

0 1 (0.1)

testsof usedvs. randomplots are indicatedby: ~P < 0.05, P< 0.O~ 2 <0.001.



Table 5.15. Habitatcharacteristicsusedby Mexicanvoles in threevegetationcommunitiesof the SacramentoMountains.New Mexico. Only those
variablesthat differedsignificantly berweentrap stationswhereMexicanvoles wereand werenot capturedare reported.

Mesic Forest Xeric Forest Meadow

Random LJseda Random Useda Random Used’

Variable (n=155) (n=155) (n=185) (n=185) (na40) (n=40)

Slope(degree)

Herbaceouscover (%)

Shrub cover (%)

Tree cover (%)

Bare ground (%)

Litter depth (cm)

Grass-forb height (cm)

Shrub density (#/plot)

Shrub, sapling, & seedling
density

Shrub speciesrichness

Deciduoustree density
(20BAF prism)

Conifer snagdensity
(20 BAT prism)

Deciduoustree BA (m3/ha)

Conifer snag BA (m3lha)

43.7

34.3

33.3

76.7

56.7

31.0

2.4

40.0

(2.6)

(6.3)

(5.4)

(5.8)

(6.8)

(4.3)

(0.6)

(4.9)

58.5 (7.1)

5.1 (0.4)

1.3 (0.5)

0.5 (0.2)

6.1 (2.1)

2.4 (1.0)

31.2

64.3

15.7

37.6

31.0

20.1

7.7

22.6

(3.4)**

(6.2)*~

(5.5)’’

(5.9)~

(3.4)

(1 .7)’

(6.3)*

31.9 (8.1)*

3.4 (0.7)”

0.1 (0.1)**

0.2 (0.1)

0.2 (0.2)*~

1.1 (0.5)

31.9

34.9

16.7

42.5

44.4

17.6

5.1

53.8

(0.9)

(2.5)

(2.4)

(3.7)

(3.2)

(1.9)

(0.6)

(11.6)

62.5 (11.7)

3.4 (0.1)

0.0 (0.0)

0.1 (0.1)

0.1 (0.1)

0.6 (0.2)

33.0

43.2

16.9

42.4

38.1

20.3

7.2

54.4

(0.9)

(2.9)*

(2.1)

(3.7)

(2.8)

(1.6)

(0.7)

(10.6)

61.7 (10.9)

3.3 (0.2)

0.0 (0.0)

0.4

0.0

2.0

(0.1)**

22.2

87.6

2.3

12.6

10.3

2.3

14.0

6.0

(1.1)

(2.4)

(1.2)

(3.4)

(2.1)

(0.9)

(1.5)

(2.5)

10.1 (4.6)

0.5 (0.1)

0.2 (0.1)

0.0 (0.0)

0.7 (0.4)

0.2 (0.1)

13.2

98.4

3.1

12.9

1.8

9.5

25.1

7.2

(0.

(1.0)

(3.3)

(1 .0)~*~

(1 7)~*

(1 4)~*~

(4.3)

13.8 (8.6)

0.3 (0.1)

0.2 (0.2)

0.0

1.0

0.00

(0.0)

(0.7)

a Significant r-testsof usedvs. randomplotsare indicatedby: * P <0.05, ** P <0.01, P <0.001.
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found on flatter areas with less rock bum greater
shrubcover, andgreater densityandbasal areaof
live conifer trees(t-resr,P < 0.05). Logistic
regression identified slope,densityof live conifer
trees,litter depth,andnumberof shrubspecies
as useful variables fordistinguishing deermouse
habitat.Brush micewere found in areashaving
less tree cover, greater rock cover, shallower litter

depth, greater densitiesof shrubs, gray oak, and
conifer seedlings and saplings, bum fewer conifer
trees (Table 5. 16). Logistic regression results
indicatedthatbrushmice usedareaswith shal-
lower litter depth,greatershrubdensity,and
fewer conifer trees.Mexicanwoodramswere
capturedin areaswith greatershrubcoverand
density,andgreatercover by gray oak (Table
5.13). Shrubcoverwas the only variablethat
discriminated capture from noncaprure sires by
logistic regression.Mexicanvoleswere found an
sireswith greaterherbaceouscoverandheight,
and greater density and basal areaof conifer

snags (Table5.15). Logistic regressionidentified
two variables, densityof conifer snagsand height

of herbaceous cover, as habitat discriminates for
Mexican voles occupying xeric forests.

Meadows.—Deer mice, long-mailedvoles,
andMexicanvoleswerecapturedfrequently
enough no permit analyses. As in both forest
types,deermice occupyingmeadows were
capturedin areaswith moreexposed soil (Table
5.12).These mice also used areas with steeper
slopes,shallowerlitter depth,andmore shrub
species(Table 5.12).Logistic regression indi-
catedthatonly steeperslopescould be usedno
distinguishbetween captureandnoncapturesites
of deer mice. Long-mailed voles were captured am
stationswith lessherbaceouscover,greatershrub
density,anda greaternumberof shrubspecies
(Table5.14). Eventhoughcover byherbaceous
vegetation was less am capture stations, in still
averaged 90.0% (SE - 2.8). Shrubdensityand
herbaceouscover werethetwo variablesthat
separatedcapturefrom noncapruresiresusing
logistic regression. Mexicanvoleswerefoundon
flatter areaswith greaterherbaceouscoverand
height, greaterlitter depth,andlessexposed
ground(Table5.15). Logistic regressionidenti-
fled slope,heightof herbaceous vegetation,and
litter depthas habitatvariables associatedwith
the presenceof Mexican volesin meadows.
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DISTURBANCEEFFECTSON
OWL PREY AND HABITAT

The distributionandabundanceof the
sported owl’s prey are influenced by both natural

and anthropogenic factors. Though all factors no

some degree have formative character, many are
moreaccuratelydescribedas disturbancefactors.
Definitionsof disturbanceandthe magnitudeof
associatedeffectsvary according no ecological

scaleandconditions.Here, we briefly discuss
fire, treeharvesting,and livestockgrazingbe-
cause these activitiesoperateam spatialscales
likely no influencespottedowls. Specifically, they
maydetermine whether an owl occupies and

reproducesin a given area. Importantto this
discussion is the elementof humancontrol over
thesedisturbanceactivities.

Weknow little about direct cause-effect
relationships of most natural and anthropogenic
disturbance factors on owl prey populations.
Correlativeinformationallows us to infer some
effectsbum most publishedresearchis from areas
outsidetherangeof the Mexicanspottedowl.
Their applicabilityno southwesternconditionsis
uncertain. Furthermore, effectsof disturbance
will vary by species,rime, andspace.Conse-
quently,in is importantno view disturbanceam
eachof thesescales.The issuebecomeseven
morecomplicatedwhenoneconsidersthe
synergisticandcumulativeeffectsof multiple
disturbances.The latterscenariois morelikely
the norm than the exception.

Fire

Generalizing about the effects of fire on the
owl’s prey is impossible for a number of reasons
includingvariationsin fire characteristicsandin
preyhabitat.Fire intensity,size,andbehaviorare
influencedby numerousfactorssuchas vegeta-
niontype, moisture,fuel loads, weather,season,
andtopography.Datapresentedin the previous
sectionsillustratehow macrohabirarandmicro-
habitatassociationsof the owl’s preyvaryboth
geographicallywithin aspeciesandamong
species.

Fire can effectively altervegetationstructure
and composition therebyaffecting smallmain-
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Table 5.16. Habitatcharacteristicsusedby brush mice in xeric forestsof the SacramentoMountains,New Mexico. Only those variablesthatdiffered

significantly betweentrap stationswhere brushmice wereandwere not capturedare reported.

Xeric Forest

Variable

Tree cover (%)

Rock cover (%)

Bare ground (%)

Litter depth (cm)

Stump density (#/plot)

Shrub density (#Iplot)

Gray oak density (#Iplot)

Shrub, sapling, & seedling density

Conifer tree density
(20 BAF prism)

Conifer tree BA (m3/ha)

Significant t-testsof usedvs. randomplots areindicatedby: * P < 0.05, P 0.01, P < 0.001.

44.9

20.7

46.8

21.2

0.3

39.3

27.9

47.6

Random
(n= 184)

(2.5)

(1.7)

(2.0)

(1.2)

(0.1)

(3.6)

(3.4)

(4.0)

3.68

16.9

(0.38)

(1.7)

Used~

(n= 184)______

34.7 (2.3)~

31.5

40.9 (1.9)*

11.8

0.1 (0.0)**

69.3 (74)***

56.8

77.9

2.03

9.29

(0.

(0.6
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mal habitats. Population responses by small
mammalsno fire-inducedchanges intheir
habitatvary. For example,deermousepopula-
tionsmight increaseimmediatelyfollowing fire
and then decrease through time (Peterson en al.
1985,Kaufmanenal. 1988). Based onlimited
sampling efforts restrictedto onelocation,
Campbell en al. (1977) noted that populations of

peromyscid mice decreased immediatelyfollow-
ing fire in an Arizonaponderosapineforest that
removed one-fourth (moderately burned) to

two-thirds (severely burned) of the basal area;
populations then returned no prefire numbers
two years following the burn. Further, no differ-

enceswerefound in rodent populationsbetween
moderately and severelyburnedareas.They
concluded that the effects of the fire that they
studiedwere shorn-term,and theshort-term
positivenumericalresponses by mice were
attributed no an increase in forage, particularly
grassesand forbs.

However,we suspectthat effectsof more
intensestand-replacingfires thandramatically
alter foreststructureandmovethe systemno
earlier seral stages would have longer-term effects
on rodent populations. Likely, early successional

species(suchas the deermouse)andthosethat
require open habitats with a well developed
herbaceous understory (such as microminevoles
and pocket gophers) would benefit. In contrast,
speciesthat require awoodedor forestedover-
storywould exhibit populationdeclines.The net
effect of suchfires on spottedowls is unclear.A
fire that removesthe treecanopywould likely
renderthe areaunusablefor foraging becauseof
how spotted owls forage. Bumif the spatial extent

of crown loss is limited, amosaicis createdthat
could provide a diversity of prey for the owl and
actually be beneficial.

Clearly, research is required no determine the

effectsof fire on spottedowl prey. Becauseowl
preyspeciesevolved inecosystemswherefire was
a natural process, we assume that these species

surviveandsome evenbenefitfrom theoccur-
renceof fire. Fire hasbeenexcludedfrom most
southwesternecosystemsduring the20thcen-
tury, resultingin systemswherefire behavior
maydeviatesubstantiallyfrom naturalcondi-
tions. Effectsof fire on smallmammalsunder
presentenvironmentalconditionsareunclear.

Timber Harvest and
Fuelwood Removal

Numeroussilviculmural methodsare usedno
harvesttimber in the Southwest.Theseinclude
botheven-aged(predominantlyshelnerwood
systems)anduneven-aged(e.g.,single tree,
groupselectionsystems)management.Further,
these systemsare applieddifferently accordingno
site characteristicsandmanagementobjectives.
Given the various scenarios for silviculnure,

generalizingabouttheir effectson preypopula-
tions is not possible.

Tree removal, whether no harvest sawlogsor

fuelwood, will affect naturalecosystemprocesses
in numerous obvious and obscure ways. Cer-
tainly, removal of mast-producing trees (e.g.,
pinyon pine, juniper, oak) reduces food availabil-
ity for several of the owl’s prey species. Also,
removal of tree biomassfrom thesine will inter-
rupt bothnutrientcycling andenergyflow. The
effectsof alteringtheseprocesseson owl prey
populations is unknown, bum the disturbance
maylikely benefitsomespecieswhile negatively
affecting others. Tree removal and accompanying
siredisturbanceduringandfollowing removal,
plus residual disturbance such as soil compac-
non, increased erosion, and creation of slash
piles, will directlyalterhabitatsof manyprey
species.Block andGaney(unpublished data)
foundmoredeermice in areaswith slashthan
areaswithout slash.In the same generalarea,
Goodwinand Hungerford(1979)notedthat
brushmice andMexican woodrans used long

windrowsof slashfollowing logging. Blockand
Ganey(unpublished data)sampledthe same
areas18-20yearsafter the Goodwinand
Hungerford study and captured few woodrams
andbrushmice. This suggestsa temporary
benefitof slashpiles in that they mayprovidea
short-term habitat component that is nor used as

the slashbecomescompressedanddecomposes.
As notedabove, effectsof treeremovalon

smallmammalsvariesby prescriptionandsite
characteristics.The effectsaresomewhatscale
dependent.Prescriptionsfor even-aged,
shelnerwoodcutsor clearcumseffectively return
largeareas,the size of standsor greater,no earlier
seralstages.Smallmammalcommunitystructure
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is correlated to plant seral stage (Fox 1990,

Kirkland 1990). Thus, following even-aged
management, populationsof somespecieswill
respondpositivelyandothersnegatively.As mime
progresses and vegetation proceeds through

succession,populationdynamicsof specieswill
change in response to changing habitat condi-
nions and community structure. Areas subjected
no even-aged management may non provide

appropriateforaginghabitatfor the spottedowl
(seeGaneyandDick 1995).This meanschanges
no smallmammalpopulationswithin thehar-
vestedareasmaynon affect the owl prey base
directlybecausethoseanimalsmaynon be
availableno the owl. However, the same small
mammalpopulationsmayprovideasourceof
individualsthatdisperseinto adjacentowl
foraginghabitat.

Uneven-aged managementwould likely be
usedover largeareasanddoesnon createsmall
stands,bum ratherit createsgroupsor clumps.
Mosaicsof habitatprovidediverseplant commu-
nitiesandotherconditionsthat, collectively, can
supporta rich diversityof fauna.Populationsof
different species may respond variably no aspects

of the mosaicpattern,suchas conditionswithin
eachpatchtype, patchsizeandshape,and
interspersionandjuxtapositionof thesepatches.
Mosaicpatternsresultingfrom timbermanage-
mentprescriptionssuchas single-tree orgroup
selectioncutsmayin somewaysmimic natural
disturbance patterns and create canopy gaps.

This doesnon imply that effects of silviculmure
are equivalent no thoseof naturaldisturbance,
only that the resultant spatial patterns are some-
what similar.

Clearly, research is needed to determine
cause-effect relationships of tree removal on

sportedowl preypopulations,the huntingability
of the owl, and the mosaic patterns which best
conserve owl populations. Such research will

entail experimentsconductedat varyingspatial
andtemporalscalesno understandthe true
magnitudeof the effects. Until these experi-
mentsareconducted,effectsof treeremovalon
prey habitat andpopulationsmust be based on
speculation and conjecture. Future management
conductedwithin a scientificandexperimental
contextmayprovidea meansfor establishing
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cause-effect relationships (see USD1 1995:
Activity-Specific ResearchSection,Part III.E.).

Grazing

The effects of livestockandwildlife grazing
on spottedowl preypopulationsandtheir
habitats is also acomplexissue.Impactscan vary
according no grazing species; degree of use,
including numbers of grazers,grazingintensity,
grazing frequency, and miming of grazing; habitat
typeandstructure;andplantor preyspecies
composition. In is well documented and intuitive
than repetitive, excessive grazing of plant com-

munimies bylivestock cansignificantly alter plant
species density,composition,vigor, regeneration,
aboveor belowgroundphynomass,soil proper-
ties, nutrientflow, waterquality, andultimately
leadno desemnificanionwhenuncontrolled
(Kauffman and Krueger 1984, Orodho em al.
1990, Vallenmine 1990,Milchunasand
Lauenmomh 1993). Theseeffectscan haveboth
direct and indirect adverse impacts on animal
species than are dependenton plants for food
and cover.However,moderateno light grazing
can benefit some plant and animal species under
certain conditions and in certain environments,
maintain communitiesin certainseralstages,
and increase primary productivity (Reynolds
1980, Hanley and Page 1982, Kauffman and

Krueger 1984, McNaughmon 1993). Further,
direct influences of livestock on plant communi-
ties arenon always reflected in smallmammal
communities(Grantenal. 1982).Thus,any
generalizationspresentedhereshouldnor be
construedas absolute;thereareexceptions.

No studiesdocument thedirect and indirect
effects of livestockandwildlife grazingon the
Mexicanspottedowl or ins prey(see reviewsby
USDA ForestService1994,Utah Mexican
Spotted Owl Technical Team 1994). Wefound
only onestudythat specificallyinvestigatedthe
effectsof livestockgrazingon anuplandforest
owl, the tawnyowl (Putnam1986). However,
the designandlimited samplingeffort of this
study preventsextrapolationno the Mexican
sportedowl. Interpretiveextrapolationsare
further hamperedbecausemostlivestock-effects
studies on smallmammalshavebeenconducted
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in shrub-steppe,grassland, orripariancommuni-
ties of aridor semi-aridregions(Kauffmanand
Krueger1984, MilchunasandLauenroth1993).
Exceptfor the possibleuseof theseareasfor
dispersingor wintering, suchareasarenor
typically usedby Mexicanspottedowls.

Despite the dearth of specific information

aboutspottedowls andgrazing,thereexistssome
knowledge regardingtheeffectsof livestock
grazingon smallmammalsfrequentlyconsumed
by spottedowls andregarding mesic ormontane
plant communitiesinhabitedby theowl’s prey.
Relevant studies include Hanley and Page
(1982),Medin andClary (1990), Schultz and

Leininger (1991), and Szamo (1991), and are
briefly summarizedbelow.

In a 250,000-ha (619,250-ac) area of the

GreatBasin, Hanley andPage(1982) found that
livestock grazing(primarily cattlewith an
average of 0.16 animal unit month,April no
Octoberduringeachof four consecutiveyears)
generallyincreasedshrub composition and
decreasedperennialherbsand grasses(primarily
tall bunchgrasses).However,theseeffectsde-
pendeduponcommunitytype. Shrubsincreased
in grazed wet meadows and willow-riparian

communities, whereas tree-form willows de-
creased by 60%.Herbaceouslayerswere30-50
cm (11.8-19.7 in) deep in ungrazed meadows
comparedno the “mowed” appearanceof grazed
meadows. Reduction of graminoidsandforbs
increasedstructuraldiversity in mesichabitsby
increasingshrubsbut decreasedstructural
diversity in shrub-dominated, xeric habitats. The
authorspostulatedthatthe loss of perennial
grasses and herbs caused lower numbers of desert
woodrats, and long-tailed and mountain voles in
grazed meadows by decreasing food sourcesand
cover.The authorsalsoreportedagreaternum-
berof GreatBasin pocketmice, deermice, and
leastchipmunksin mesichabitatsgrazedby
livestock compared to ungrazed, mesichabitats.
However, these same three species decreased in

xeric habitatsgrazedby livestock.
Schultz and Leininger (1991) examined the

effectsof cattleexclusionalongone5-km (3.1-
mi) length of a riparian community in
nomnhcenmralColorado.During the summersof
1985and 1986,plant andsmallmammal
communities were sampled for comparison
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betweenadjacentgrazedareasandthree
exclosuresestablishedin 1956and1959.Plant
communitiesvaried from grass-herb-sedge
lowlands no ponderosapine uplands.Observed
differencesincludedgreatervascularvegetation
cover, graminoidcover,andshrubcover in the
exclosures. Litter accumulation in the exclosures
was nearly twicethatof grazedareas,andwillow
canopycoverwas 8.5 mimesgreater (Schultz
1990).Deermice weresignificantly more

abundant in grazedareasandwesternjumping
mice weresignificantlymoreabundantin
ungrazedexclosures. Sevenspeciesof small
mammalswere found in grazedandexclosed
areas,althoughspeciescompositionin each area
was slightly different.Deermice, leastchip-
munks, maskedshrews,duskyshrews,and
westernjumpingmice werefound in bothareas.
Long-mailedandmountainvoleswerenot ob-
served in grazedareas.Northernpocket gophers
and golden-mantled ground squirrels were non

found in exclosures.
Medin andClary (1990) comparedsmall

mammalpopulationsbetweena riparianhabitat
seasonally grazedby cattleno an adjacent 122-ha

(302.2-ac)riparianexclosurewhich hadbeen
protected from livestock grazing for the previous

14 years. They found that mountain voles were

four times more abundant within the ungrazed
exclosure as compared to thegrazedriparian
habitat. In addition, vagrant shrews, water
shrews, and northern pocket gophers were only

trappedwithin the ungrazedhabitat.Conse-
quently, they notedthat smallmammalspecies
richnessandspeciesdiversity werehigher within
the ungrazedexclosuredespitethe fact that total
population density of small mammals was a
third higher in the grazed portion due no the
high numbersof deermice.

Szaro (1991) examined the effects of grazing

alongthe Rio delasVacas,amonmanestreamam
8,528ft (2,600 m) elevation inthe San Pedro
ParksWildernessArea, NewMexico. Terrestrial
faunawithin two 900x 50 m (2,952x 164ft)
livestockexclosuresweresampledandcompared
no downstream private lands that were continu-

ouslygrazed.Smallmammalswere sampledeach
month, June through September, in 1985 and

1986. He found greater amountsof herbaceous
vegetation in the exclosumes. Greater numbers of
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smallmammalcaptureswereobservedin both
exclosures in 1985 compared to grazed areas
downstream. Small mammalcaptures were
reducedand indistinguishablein 1986but some
cattle trespass had occurred into the control
exclosures.Fewerspecieswere captured in the

grazedareas.Mountainvolesanddeermice were
found in bothgrazedandungrazedsituations,
whereas leastchipmunksandgolden-mantled
groundsquirrelswere foundonly in ungrazed
areas.

Other studies have shown similar results:
lack of a numerical decrease by deer mice no

grazing (Reynolds 1980),andsignificantde-
creasein volescaused bygrazinginducedloss of
cover in mesichabitats(Granten al. 1982). If
these generalpatternscan beappliedto upland
habitatsof theSouthwest,we wouldexpect
moderate no heavy grazing no decreasepopula-
tionsof volesandimproveconditionsfor deer
mice in meadow habitats.Suchdecreasescould
negativelyinfluencespottedowlsoccupying
areasin the UpperGila Mountains,Basin and
Range- East,andportionsof otherRUs where
volesarecommonpreyor usedas alternative
food sources when other prey species are dimin-
ished.

Increases indeermouseabundancein
meadows probablywould non offset decreasesin
vole numbersbecausevolesprovide greater
biomass perindividual andper unit of area. Loss
of perennialgrasscover in xericcommunities
usedby owls, specifically, ponderosapine forest
and pinyon-juniper woodlands, due to grazing
mayreducedeermice andMexicanvole popula-
tions. The reductionof thesepreyspeciesin
xeric communitiescould be morecritical than
than inmeadowsif xeric habitatsare necessary
for winter foraging by the owls.

Finally, high intensitygrazingin riparian
communitiesduringthefall andwinter seasons
wheregrassseedheadsmaybe totally removed
can causesignificantshort-termdecreasesin
smallmammalpopulations(Kauffmanenal.
1983). Continuedheavy grazing inuplandor
lowland ripaniancommunitiescould therefore
greatly reduce the potential for utilization by
foraging, dispersingor wintering spottedowls.
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CONCLUSIONS

Mexican spotted owls consume a variety of

preythroughouttheir rangebum commonlyear
smallandmedium-sized rodents.However, the
owl’s food habitsvary accordingno geographic
location. For example, spotted owls dwelling in

canyons of the Colorado Plateau take more

woodrars,andfewer volesandbirds thando
sportedowls from otherareas.In contrast,
sportedowls occupying mountain ranges with
forest-meadowinterfaces, suchasthe Basin and
Range- East,SouthernRockyMountains-

Colorado,andUpperGila MountainsRUs, make
moremicrotinevoles The differences indiet
likely reflect geographic variationin population
densitiesandhabitatsof both the preyandthe
owl.

No strong rangewide relationships appeared

in our analyses of the owl’s diet and reproduc-
tion. The relationshipwas positiveandnearly
significantwhen comparingthe prevalenceof
the three mostcommonprey (peromyscidmice,
woodrars,andvoles)in the diet andowl repro-
duction, implying that multiple species influence
the owl’s fitness.However,this generalization
maynon applyto owls in theSacramentoMoun-
tainswheretheowl’s reproductionappearsmost
influencedby deermouseabundance.In addi-
non, the predominance of woodrans, both in diet
frequencyandbiomassthroughoutmuchof the
owl’s range,suggeststhata singleprey may
influencethe owl’s fitness.Otherstudies have
shown positiveassociationsbetweenlargerprey
(e.g. woodrams) in the diem of northern and
California spotted owls and its reproductive

success(Barrows1987,Thrailkill andBias
1989). Thelack of morespecific resultsshould
nor imply than a simplerelationshipbetween
diem andreproductionor otherfitnessmeasures
doesnot exist.Rather, thoserelationshipsare
morecomplexthanare evidentby the available
informationandanalyticalapproachesused in
producingthis report. In mostcases,total prey
biomass is likely more influential on the owl’s
fitness than the abundance of anyparticularprey
species.Other factorsworth exploringwould be
lag effectssuchas the effectsof winter dieton
breeding potential, prey diversity, or synergistic
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effectsof dietwith factors like owldensity,
weather, and habitat.

Studiesconductedin four vegetationcom-
munities demonstratethatabundanceof the
owl’s food variesaccordingto habitatand mime.
In the Sacramento Mountains, the greatest prey
biomass is found in high-elevation meadows
occurring along riparian corridors. Common

prey species occupying these meadows are long-

tailed voles,Mexicanvoles,anddeermice.
However,abundance alonedoesnot necessarily
connote availability. Availability infers co-
occurrence of owl andprey pluscoincidental
vulnerability no predation and ability to capture.
Successful capture of meadow-dwelling rodents
maybe restrictedno areasnearforestedges
coinciding with the presence of foraging perches.
Rather, meadow habitats mayplay an indirect
role by producing high densities of prey that

becomeavailableno owls following dispersalinto
adjacentforests.Owls in the SacramentoMoun-
tains consume a moderate-to-large proportion of

volesduringyearsof highvole density.
Summerprey biomass in mesic(mixed-

conifer) forestscan begreaterthanin xeric
(ponderosa pine-pinyon-juniper-oak) forests of
the Sacramento Mountainsfor two reasons.
First, all five prey species commonno this owl
occurin mesic forest,whereasonly fouroccurin
xericforests,wherelong-nailedvolesareabsent.
This vole can provide an average mass of 32 g

(1.1 oz) to an owl andin is the secondmost
abundant species occurring in themesic forests.
Second,deermice dwellingin mesic forest can
attaingreat summerdensitiesduringcertain
years.This samepatternhasnor beenobserved
in the seeminglymorestable xericforests.Prey
composition and abundance in ponderosa pine-
Gambel oak forests of northern Arizona are
similar no the xeric forestsof theSacramento
Mountains. In both areas, deer mice are ubiqui-

tousandthe Mexicanwoodrarandbrushmouse
arepatchyin distributionand abundance.In
contrast,Mexicanvolesareapparentlyless
abundant in pine-oak forests of northern Ari-
zona compared no xeric forestsin the Sacramento
Mountains.Whetherlow densitiesof voles in
this forest type arenaturalor the resultof past
managementactivitiesis unknown.However,
decreasesin herbaceousbiomassresultingfrom

unnaturallydense forestconditionsmayexplain
low numbers of voles in these forests.

Arranging thefour vegetationcommunities
according to summer prey biomass indicates that
meadows>mixed-coniferforest> ponderosa
pine-pinyon-juniper-oak woodlands > ponderosa
pine-Gambeloakforest.Whenconsidering
other factors that influence the availabilityof
prey, mixed-coniferforestslikely providethe
greatestamountof food duringsummerperiods.
Rearrangingthe samecommunitiesaccordingno
winter prey biomassindicatesthatmeadows>
ponderosa pine-pinyon-juniper-oak woodlands>
ponderosa pine-Gambel oak forest> mixed-
conifer forest.Accountingfor theavailability of
prey, woodlandswith amixture of ponderosa
pine,pinyon-juniper,andoaks providemore
preyto owlsduringwinter monthsthanthe
otherthree communities.

Prey biomass is usually greater in all commu-

nitiesduringsummerperiodswhenowls raise
their young.However, temporalpeaksof prey
cyclesare nor correlatedamongvegetation
communities.Thanis, whenprey are abundant
in mixed-coniferforestoneyear andlow a
subsequentyear,an oppositepatternmayoccur
in adifferentvegetationcommunity.The
asynchrony of abundance among prey species,
vegetationcommunities,and mime mayprovidea
buffer against theeffectsof extremeoscillationin
prey cycles. This implies the importanceof
maintaining a mixture of vegetation communi-

ties no ensurea diverseandabundantprey base
within the owls foragingrange.

An importantconceptexemplifiedby our
analyses is that the habitat of each prey species is

unique.This finding clearly indicates aneedfor
providinga varietyof conditionswhichare used
by the differentspeciesof prey. For example,in
the ponderosa pine-Gambel oak forests of
northernArizona, deermouseabundanceshows
little variation accordingno foreststructureand
compositionwhereasMexicanwoodramand
brushmouseabundanceare stronglycorrelated
no understorycharacteristics,specificallylog
volumeandshrubcover.Further,Gambel oak
densityis greaterwithin habitatsof thewoodram
and brush mouse than occurs randomly in the
forest.Thesehabitatcomponentsare rarely
consideredin planningforest management
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activitiesbun should beno provideappropriate
habitat conditions for these prey species. Obvi-
ously, conserving habitat for a diversity ofprey
may helpbuffer againstpopulationfluctuations
of individual prey species and provide a less
stochasticfood resourcefor the owl.

The consequencesof threecommondistur-
bances(fire, rimber/fuelwoodharvest,and
grazing) on the owl’s prey and habitat depends

on many factors. Often ecological tradeoffs
result,makingexactpredictionsdifficult. Some
prey speciesmayincrease, whileothersdecrease
for a given disturbance. Moredetailedpredic-
tions about the influencesof thesedisturbances
must await more specific research. In general,
management practices that lead to discernible
reductions in total prey biomass or diversity over
large areas will non promote owl recovery.
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