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PREFACE

Thi s CGenetics Managenent Pl an provides a conceptual framework for genetics
management and recommendati ons for managi ng the endangered fish stocks in the
San Juan River Basin. This docurment is not intended as a conprehensive

ref erence docunent for genetics managerment for which the reader is referred to
the extensive literature that now exists. Rather, this plan is intended to
serve as a practical reference docunent for the San Juan Ri ver Recovery

| mpl enent ati on Program (SJRIP), to docunent inportant assunptions,

consi derati ons and reconmendati ons pertinent to the SJRIP. Boxes are used to
hi ghl i ght i nportant guidelines and recommendati ons. This managenent plan is

i ntended to be consistent with U S. Fish and Wldlife Service (USFW5) policy
and genetic nanagenent practices enployed by the Recovery | nplenmentation
Program for the Endangered Fi shes of the Upper Colorado River (UCRIP) to the
extent that they apply. It borrows heavily from several previously produced
geneti cs managenent docunents including: the Genetics Management Cui delines
for Listed and Candi date Fish Species Region 6 (WIIiamson, Wdoski and

Vi sscher 1996); and the Genetics Managenent Cuidelines (WIIliamson and Wdosk
1994) and Genetics Managerment Plan (Czapla 1999), both produced for the
Recovery | npl ementati on Program for Endangered Fish in the Upper Col orado

Ri ver Basin. Large portions of those documents have been reorgani zed and used
verbati mor expanded and nodified to fit the San Juan River. A glossary of
the terns used herein is provided on pages 43-45 in the back of this docunent.

Geneti ¢ managenent of the endangered fishes in the San Juan River Basin is
detailed at two |evels:

CGeneti cs Managenent Plan: This managenent plan provides the conceptua
framewor k of genetics nanagenent and rationale that will be enployed to

mai ntain genetic diversity of endangered fish stocks in the San Juan River
Basin. This docunent also identifies priorities that will be used in the
devel opnent of specific stocking plans to ensure that genetic diversity of
wi | d endangered fish stocks in the San Juan River will not be conproni sed and
that the best possible practices will be used for augnentation efforts.

Thi s managenent plan: (1) provides a protocol for conserving the genetic
variability in wild endangered fish stocks; (2) states the need for captive-
reared endangered fish; (3) identifies genetic risks associated with captive
propagation; (4) provides breeding strategies for captive propagation; (5)
provi des gui dance in the choice of founders for broodstock devel opment; and
(6) discusses ways to maximize the effective population size in captive

st ocks.

Augnentation Plans: In concert with the Genetics Managenment Pl an
augnment ati on plans provide the justification and rationale for specific
actions regarding the stocking of captive-reared endangered fish in the San
Juan River basin including details such as species, size of fish, timng of
rel ease, location of release, genetic risks, and a description of how

eval uation of the stocking will be nade. Stocking plans are prepared for al
experimental, augnentation, and restoration stocking and nust be approved
through the SIJRI P before any endangered fish are stocked into the San Juan
Ri ver. These plans nmust also be cleared by the U S. Fish and Wldlife Service
for issuance of a Federal Fish and Wldlife Pernmit or a supplenental permit
and Section 7 consultation under the Endangered Species Act to ensure that
stocking of captive-reared endangered fish will not jeopardize wild stocks.




Augnent ati on plans for the San Juan River with the exception of short-term
research-related efforts will be planned using a mninmumfive year planning

hori zon. Fol Il owi ng the adaptive managenent approach, augnentation plans can
be nodified as new i nformati on becones avail abl e.
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I . 1 NTRODUCTI ON

Wat er devel opnent activities in the Upper Col orado River Basin have led to the
construction of multitudinous instreambarriers (i.e., dans) and diversions to
provide for flood control, power production, irrigation, and nunicipal water
uses. However, these structures fragment once-conti guous sections of fish
habi tat and prevent fish passage, thus isolating fish popul ations.

Addi tionally, water devel opnment has altered the historic flow regime of the
Col orado River system thereby affecting streanflow nagnitude, water
tenperatures, and channel variability and mai ntenance crucial to the
successful fulfillment of life history requirements of endenmic fishes (U S
Fish and Wldlife Service 1987a, 1987b, 1990a, 1990b, 1991). Nunerous
nonnative fish species have al so been introduced and beconme established that
conpete with and prey upon native fishes (MIller et al. 1982, Tyus and
Saunders 1996). These biol ogi cal and environmental changes have resulted in

four |arge endenic Col orado River fishes -- razorback sucker (Xyrauchen
t exanus), bonytail (Gla el egans), hunpback chub (G la cypha), and Col orado
pi kem nnow (Ptychocheilus lucius) -- being listed as "endangered" under the

Endangered Species Act of 1973, as anended. Only two of the four listed
speci es, the razorback sucker and Col orado pi kem nnow are known to occur in
the San Juan River. Portions of the San Juan River have been designated as
critical habitat for these two species (U.S. Fish and Wldlife Service 1994).

The U. S. Fish and WIldlife Service coordinated an effort to devel op a Recovery
| mpl enent ati on Program (Program for endangered fish in the San Juan River to
(1) protect the endangered fishes; and (2) allow water devel opment to continue
in the San Juan River Basin to neet the needs of society. The Program

i ncl udes nmenbers from many potentially-effected entities in the San Juan River
Basin: the Ue, Jicarilla, and Navajo nations, the States of Col orado and New
Mexi co; the U. S. Bureau of Reclamation, U S. Bureau of Indian Affairs, U S
Fish and Wldlife Service, and U S. Bureau of Land Managenent; and water

devel opnent interests.

I'1. MSSION, GOALS, AND PHI LOSCPHY FOR GENETI CS MANAGEMENT PLANNI NG

The nission and goals of this Genetics Managenent Plan are to mmintain the
genetic integrity and preserve the evolutionary potential of wild and captive-
reared endangered fishes in the San Juan River Basin consistent with
endanger ed speci es managenent in the Col orado River Basin as a whole (Box 1).
I f possible, wild San Juan Ri ver popul ati ons shoul d be nanaged t hr ough
preservation of habitats and devel opnent of refugia and broodstock prograns to
prevent | oss of |ocally-adapted genes. Were wild San Juan River popul ations
are depleted to the extent that wild fish are not available for refugia and

br oodst ock devel opnent, suppl emental introductions from other appropriate
sources of genetic material should be utilized to reintroduce fish into
suitable wild habitats. The rationale for this philosophy is that natura
refugi a provide a source of preadapted genetic diversity that increases the
probability for successful recovery of the endangered fish (Krueger et al

1981; Sanson 1992; Snmith and Rhodes 1992). However, where insufficient wild
resources are available for refugia and broodstock devel opment, the Program
wi Il endeavor to utilize other appropriate genetic resources, including upper



and | ower Col orado River Basin fish in broodstock devel opnent and augment ati on
efforts. The ultimate goal of all augnentation efforts is to achieve recovery
of the two endangered fish species in the San Juan River.

Recovery, by definition, inplies that endangered fish stocks whether sinply
bei ng managed or actively augnmented, will eventually becone self-sustaining.
Thi s managenent plan is intended to provide a sound basis for the
establishnent of secure self sustaining stocks in the San Juan River.
CGeneti cs managenent goal s consistent with the program ni ssion and phil osophy
are given in (Box 1).

Box 1. M ssion and goal s of the San Juan Recovery | nplenmentation
Program for genetics nmanagenent of endangered fish in the
San Juan River

M SSI ON:

To maintain the genetic integrity and preserve the evol utionary
potential of wild and captive-reared endangered fishes in the San Juan
Ri ver Basi n.

GENETI CS MANAGEMENT GOALS

1. To prevent inmediate extinction of any wild endangered San Juan
Ri ver fish stocks.

2. To conserve genetic diversity of wild endangered fish stocks
t hrough recovery efforts that will protect or restore viable wild
st ocks.

3. To maintain genetic diversity of any captive-reared endangered
fish broodstocks that are simlar to the wild stock used as
f ounders.

4, To identify priority stocks for use in augnentation efforts in the

San Juan River in the event that native stocks are so depl eted
that effective genetic managenent using only the few remaining
wi I d individuals is precluded.




I'11. GENETICS CONSERVATI ON PRI NCI PLES AND ASSUMPTI ONS

The foll owi ng principles and assunptions are inherent in the devel opnent of
this genetics nanagenent plan and the specific augnentation plans based upon
it.

c St ocks of Col orado pi kem nnow and razorback sucker in the San Juan River
represent a portion of the overall genetic potential of the species in
the Col orado River Basin and shoul d be managed, if possible, to preserve
potentially uni que genes.

C For the purposes of genetic nanagenent and species recovery the San Juan
River will be nmanaged to support a single population of both Col orado
pi kem nnow and razorback sucker. It is assuned that these popul ations
wi || be geographically and reproductively isolated from other Col orado
Ri ver Basi n popul ati ons.

C Conservation of genetic diversity is fundamental to both short-term
ecol ogi cal adaptation and | ong-term evolutionary potential of a species
since genetic variation is the raw material upon which natural selection
acts.

c CGenetic diversity in endangered fish stocks allows for adaptability to
vari ous environmental conditions.

C Al l managenent activities in the Colorado River Basin, including the San
Juan River, may affect the overall genetic diversity of endangered fish
speci es.

C Accordingly, all proposed managenent activities in the Upper Col orado

Ri ver and San Juan Ri ver Basins should be evaluated with consideration
to potential genetic risks to endangered fish popul ations, especially if
the risks include genetic |osses that may becone irreversible.

c Irreversible | oss of genetic diversity in endangered fishes in the Upper
Col orado Ri ver and San Juan River basins can be avoided or mininized
t hrough rational and systenmatic planning.

c Adapti ve managerment (Boyce 1993; Ludwig et al. 1993; Walters and
Hi | | born 1978) shoul d be enployed in recovery of the endangered fishes
in the San Juan River Basin. All managenent and recovery actions should
be thoroughly evaluated so they are conpleted systematically and
adjustments or refinements are made, as needed, to obtain the desired
response fromthe endangered fishes.

I'V. GENETICS MANAGEMENT OF W LD RI VERI NE STOCKS

Conservation of genetic diversity is fundamental to both short-term ecol ogica
adaptation to various environmental conditions and the | ong-term evol ution of

a species through natural selection. The extinction of indigenous fish stocks
is generally preceded by the | oss of genetic diversity within and anong



popul ati ons. As species decline to the point where they are listed as

t hreat ened or endangered, each renmi ning stock could play an inportant role in
i ncreasing the probability for recovery (Philipp et al. 1986; Rohlf 1991).

Nat ural propagati on shoul d always be given the first priority in the recovery
of endangered fishes in the Upper Col orado and San Juan River Basins.

Li chat owi ch and Watson (1993) enphasi zed that stocking of captive-reared
endangered fishes may be a useful managenent tool but should not be used as a
substitute for the protection and restoration of habitat to reestablish viable
wi | d popul ations. They state that nmanagenment enphasis on existing stable wild
stocks of endangered fishes should be directed primarily on protection
preservation, and enhancerment of natural habitats needed by all life stages to
i ncrease the nunbers of fish to that needed for recovery.

However, depressed fish stocks that do not have sufficient recruitment to
mai ntai n sel f-sustai ning popul ati ons may require captive propagation and
augnentation or restoration stocking (Wllianms et al. 1988). |If sufficient
nunbers of wild fish are avail able, a broodstock should be devel oped to
produce progeny for augnentation that preserve the genetic makeup of the
parent stock to the greatest extent possible.

A. Genetic Risks To WId Stocks Associated Wth Captive Propagati on And
Stocking. Any stocking or augnentation has inherent risks associated with it.
It is inmportant to carefully assess possible risks of the stocking of captive-
reared endangered fishes to evaluate the benefits of stocking and to avoid
potential adverse affects on genetic diversity of wild stocks (Kapuscinski et
al. 1993; Philipp et al. 1993; Riggs 1990). Potential risks fromstocking to
natural stocks are varied but can include hybridization and introgression

i nbr eedi ng depression, and outbreedi ng depression, all of which can lead to
the loss of rare alleles.

A. 1. Hybridization and Introgression. Genetic introgression occurs when
hybri di zati on and back-crossing |l ead to an exchange of genetic materia

bet ween di fferent species or genetically-differentiated popul ati ons of the
sanme species. This occurs both as a result of natural events and

ant hropogeni c activities. Two types of human activities can contribute to

| oss of native popul ations of fish by encouragi ng hybridization: habitat
alterations and introduction of fishes into |ocations outside of their natura
areas of occurrence (Buth et al. 1987, Echelle 1991). Habitat alteration can
i ncrease hybridization by allowi ng contact between previously separated

popul ations, altering features inmportant to reproductive isolation, or
reduci ng abundance of a species until contact with individuals of another
species is nore likely than contact with conspecifics (Echelle 1991).

I ntroduction of species into areas where they previously did not occur also
has the potential to heighten hybridization through contact of previously

i sol at ed popul ati ons.

No hybridi zati on has been docurmented in the Col orado pi kem nnow. However,
hybri di zati on has been docunented for razorback suckers. The frequency of

i ntrogressive hybridization of razorback suckers with flannel nouth suckers
(Catostomus latipinnis) is low-- 0-5%toward flannel nouth suckers (Buth et

al. 1987) -- but could increase if the riverine environment in the upper basin
and San Juan River is altered further, forcing the two species to spawn in the
sane areas or if flow tenperature cues are altered over spawning areas.

Razor back sucker, flannel mouth sucker, and bl uehead sucker are synpatric in




the San Juan River and the potential for sone introgression does exist.
However, due to the fact that these species evolved together and efforts are
bei ng undertaken to restore historic habitats and flow regi nes, |large scale
i ntrogression of genes seens relatively unlikely to occur in the San Juan

Ri ver.

A. 2. Inbreeding Depression. |nbreeding depression is possibly the nost
serious and yet nost nebul ous problem faci ng endangered fi shes managers.

I nbreeding is defined as the mating of individuals related by conmmopn ancestry.
It is arelative concept because the degree of inbreeding is considered
relative to a base population and thus there is no absolute nmeasure. In
general, populations with small effective popul ation size are nore susceptible
to the effects of inbreeding. Traits such as fertility, fecundity, clutch
size, survivorship, gromh, and age at maturity are greatly depressed by

i nbreeding (Meffe 1986). Inbreedi ng depression can occur when the effective
popul ation size of wild stocks is significantly reduced by renoving fish for
captive propagation. It can also occur when | arge nunbers of fish derived

froma broodstock conposed of relatively few parents are produced and stocked
back into a wild popul ation.

A. 3. Qutbreeding Depression. Qutbreeding depression is a breakdown of fitness
related traits as a consequence of inconpatibilities between differentiated
parts of the parental genone. An extrene exanple of outbreedi ng depression
woul d be the production of sterile offspring follow ng the mating of two

di fferent species. Though not as well docunented as inbreedi ng depression
there is evidence to indicate that stocking of fish with different genetic
make up can alter or replace the genome of wild stocks being augnented. The
“Near est Nei ghbor” method of stocking seeks to reduce outbreedi ng depression
t hrough use of fish that are geographically and genetically sinmlar. Oten
genetic distance is correlated with geographic distance. This is due to the
limted opportunity for gene flow and the environnental differences that can
occur over |arge geographic distances.

A.4 Planning To M nimze Genetic R sk. Planning recovery efforts for the
endangered fishes in the Upper Colorado River Basin will be acconplished
following a logical and systematic approach (Box 2) that will nmininize
potential genetic risks. A genetic risk is broadly defined as the sum of
critical uncertainties associated with a nmanagenent action or inaction that
may change the genetic diversity both within and among wild stocks. Risk
assessnent consists of (1) estimating risk and (2) managi ng risk (Lichatow ch
and Watson 1993). Major genetic risks associated with captive propagati on can
be identified and reduced through a careful assessment. Risk assessnent wl |
be addressed by individual stocking/augnentation plans on a case-by-case
basis. The potential to manage potential genetic risks to wild stocks will be
essential for a "no jeopardy opinion" under Section 7 consultation of the
Endanger ed Species Act.



Box 2. Systens approach for genetics managenent of endangered fish stocks.

Step Question to ask

I. Inventory/scoping Were are we?

I'l. Strategic planning Wiere are we goi ng?
I1l. Operational planning How do we get there?

V. Eval uation Dd we nake it?

Tasks for each step by priority

1. Review available information

2. Define nission and goal s.

3. ldentify and characterize fish stocks

4. Assess status and trends of stocks.

5. ldentify problens or issues.

6. Assign priorities by species or stock

1. Deternine specific nmeasurable objectives.

2. ldentify strategies to overcone problens.

3. Evaluate potential genetic risks.

4. Enpl oy step-down planning (identify actions
needed by priority).

1. Prioritize actions from step-down planni ng.
2. Determ ne resources needed to acconplish
actions.

3. Devel op operational plans with budgets.

4. Docunent need in Statenment of Work.

5. Seek approval and funding.

1. Monitor progress of actions.

2. Revisit status and trend of target species.
3. Evaluate actions to deternmine if they warrant
continuation or if changes are needed.

4. Repeat systens approach if necessary.

5. Docunent results and di ssem nate information.




B. Guidelines For Stocking Captive-Reared Endangered Fishes. Suitable

habi tat must be available in river reaches that are proposed for stocking to

i ncrease the |ikelihood of successful stocking. The reasons for hol ding,
rearing, and stocking endangered fishes are summarized in Box 3. Criteria for
when to stock and actions required are provided in Box 4. (Quidelines for
preparation of stocking plans for release of captive-reared endangered fish
into the San Juan River are summarized in Box 5. Precautions that shoul d be
taken in conjunction with propagation and stocki ng of endangered fish are
listed in Box 6.

Box 3. Reasons for holding, rearing, or stocking endangered Col orado
Ri ver fishes.

1. Pl ace endangered fish in refuges to protect genetic diversity in
i nstances where the stock may become extinct in the near future
from popul ati on declines or due to catastrophic risk

2. Producti on of endangered fishes for experinental stocking to
obtai n biol ogical, ecological, or environnental information from
field experinents that are essential to recovery efforts

3. Producti on of endangered fishes for augnentation stocking to
enhance severely depl eted stocks

4. Producti on of endangered fishes for restoration stocking of
extirpated popul ati ons or stocks




Box 4. General criteria for holding, rearing,

Anal ysis of wild popul ati on or stock

Popul ation or stock is increasing and
recruitnent is sufficient to maintain a
sel f sustaining popul ati on or stock

Popul ation or stock is stable and
recruitnent is sufficient to maintain a
sel f-sustai ni ng popul ati on or stock

Popul ation or stock is stable and
recruitnent is low but still considered
sufficient to devel op a sel f-sustaining
popul ati on or stock, possibly with the
ai d of proper nanagenent actions

Popul ation or stock is declining and
recruitnent is not considered to be

suf ficient to devel op a sel f-sustaining
popul ati on or stock

Popul ation or stock is declining
rapi dly, already at very |ow nunbers, or
at catastrophic risk

Popul ation or stock has been extirpated
frompart of its historic habitat

or stocking endangered fish

Acti on recommended

Moni t or status and trends of
popul ati on or stocks.
Hol di ng of captive reared
fish is unnecessary

Moni tor status and trends of
popul ati on or stocks.
Hol di ng of captive reared
fish is unnecessary

Identify and renove or
reduce factor(s) limting
recruitnment; Mnitor status
& trends of popul ation or
st ock; Consi der devel opnent
of a broodstock in an
artificial genetic refuge
and an augnentation plan

Identify and renove or
reduce factor(s) limting
recruitnment; Mnitor status
& trends of popul ation or

st ock; Devel opnent a
broodstock in an artificia
genetic refuge and an
augnent ati on pl an; | npl ement
the plan if necessary

Place in refugia

If habitat is suitable and
genetic risks to the same or
ot her endenmic fishes is |ow
devel op and inplenment a
restoration stocking plan




10.

Box 5. CGuidelines for preparation of a stocking plan for rel ease of
captive-reared endangered fish.

Descri be the need for stocking

Characterize the endangered fish stock being managed and descri be
status and trends of target stock.

Describe limting factors for target stock if known and corrective
steps being taken to renove or reduce them

Identify and di scuss alternative managenent options that were
consi dered and rej ect ed.

Defi ne objectives for stocking of endangered fishes and rel ati onship
to recovery effort

Assess genetic/ecol ogical risk associated with proposed effort.

Describe origin of fish to be stocked and provide justification for
their use in the San Juan River

Descri be specific details of stocking and rationale for
-size of fish

-time of year to rel ease

-nunbers of fish

-size of fish

-frequency of stocking

-l ocation of rel ease

Identify habitat availability for the fish to be stocked

Descri be nonitoring nmethods and how they will be used to eval uate
the stocking effort




Box 6. Precautions to be taken during propagati on and when stocking
endangered fish into the Upper Col orado and San Juan River
Basins. Listed in order of priority:

1. Precauti ons nmust be taken to prevent escapenent of endangered fish
fromrefugia or captive propagation facilities

2. St ocki ng of captive-reared fish will be conducted only in |ocations
of the San Juan River were it can be denpnstrated that such stocking
wi Il not adversely and significantly effect any indigenous fish
popul ati ons or stocks of the sane or different species.

3. Suppl emental stocking will be restricted to | ocations with suitable
habitat that will support a viable population or stock, or to
hi storic habitats.

4, Al'l captive-reared endangered fish should be narked before rel ease
into the river, preferably with a permanent identifier such as a PIT
Tag.

5. As nmuch as possible, fish should be stocked as equal famly lots

from pedigreed matings to mnimze the potential for genetic
swanpi ng and so that adequate eval uati on of stockings can be nade.

6. Any proposed stocki ng of endangered Col orado River fishes in the San
Juan River will be described in a stocking plan, approved by the
SJRI P and the appropriate regul atory agenci es

C. Cenetic Managenent Approaches Applicable To The San Juan River. There are
t hree basi c managenent strategies that can be used to bol ster nunbers of
endangered fishes (Riggs 1990):

1. All Natural. Establish a refuge or genetic conservation area to
manage a natural or naturalized popul ation or stock w thout any
ki nd of captive production or suppl enentation

2. Suppl emrent ati on (Augnentation). Rebuild natural spawning while
m ni m zing genetic risks through captive propagati on and
suppl enental stocking to augnment declining popul ations or stocks
or to restore extirpated popul ati ons or stocks.

3. All Captive-Reared. Maxinize hatchery contribution to maintain
popul ations or stocks with little or no expectation of restoring
nat ural production.

Since the goal of recovery is to devel op sel f-sustaining popul ati ons or
stocks, strategies 1 and 2 are appropriate strategies to recover the
endangered fish stocks in San Juan River Basin. Strategy 1 is based solely on
i ncreasi ng popul ation size through managenment of the stock without any type of
captive production or supplenentation of the wild stock. Managenent could

i nclude protection of fish fromharvest, reducing densities of nonnative fish
that prey on and conpete with endangered fish, and restoring the habitat and
natural productivity of the river. Natural recruitment is the preferred
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strat egy when adequate spawni ng adults are present and critical habitat

el enents can be inproved to increase recruitment of young fish to the adult
popul ation. This strategy would be nost appropriate for stocks that are
presently considered to be stable.

Strategy 2 involves an integration of natural and artificial production
systens to achieve recovery. Supplenental stocking is used to augnent
declining populations or to restore extirpated popul ations or stocks in
conjunction wi th nanagenent activities to inprove conditions for the
endangered fish. Augnmentation would be an appropriate strategy where nunbers
of spawning adults are I ow and the potential for inproving habitat conditions
such that self-sustaining popul ations can be attained is possible. Sources of
fish for use in supplenental stocking efforts are varied and there are pros
and cons associated with each possible source of fish that could be used for
augnentation. Using only fish fromthe San Juan nay result in increased

| evel s of inbreeding due to the small nunbers of adult endangered fish
remaining in the San Juan River. Using fish fromother sources could result
in the loss of potentially |ocally-adapted genes in the popul ati on and
possi bl e out breedi ng depression. The follow ng set of priorities for

suppl enental stocking in the San Juan was conservatively designed to preserve
potentially |ocally-adapted genes in the San Juan River. Sources of fish used
for augmentation in the systemshould follow the priorities |listed bel ow

1- Augnent using native stocks fromthe San Juan River. These could
i nclude fish produced fromcaptive adults taken fromthe San Juan or
raised fromwild |larvae taken fromthe river. It could also include
translocating wild fish (of any life stage) from areas where chances for
retention or survival in the river are sliminto nore suitable upstream
habi t at s.

2- Augnent with fish fromthe upper Col orado River Basin (i.e., the
Col orado or Green rivers or their inmediate tributaries) using a
“Near est Nei ghbor” approach. This approach would be used in the event
that native San Juan River stocks are not avail able or represent
i nsufficient parents/genetic diversity to prevent inbreeding.

3- Augnent using fish fromthe | ower Colorado River Basin. Using fish from
the | ower Col orado River basin would be an extension of the “Nearest
Nei ghbor” approach to augnmentation. |In the case of razorback sucker
this nmeans using fish from Lake Mhave, the area in which the greatest
amount of genetic diversity is found anbng razorback sucker (discussed
later). This approach was presented as a viable alternative to the
“Near est Nei ghbor” approach for razorback sucker by the upper Col orado
Ri ver basin Cenetics Panel due to the |arge nunmber of fish (and
i ndi vi dual hapl otypes) found in Lake Mohave and the dearth of razorback
sucker (and individual haplotypes) found in upper basin rivers. This
option does not apply to Col orado pi kem nnow.

The deci sion on whether to augnent and the source of fish used for
augnent ati on shoul d be based on the status of the target population in the San
Juan River and the possible inpacts of augmentation on that popul ation

Strategy 3 involves the intensive use of hatchery production to replace

natural reproduction in the river system This approach is not likely to | ead
to sel f-sustaining populations since it does not address habitat limitations.
However, it nmay be used as a last resort to maintain adult Col orado pikeni nnow
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and razorback sucker in wild holding areas such as Lake Powel| or off-channe

i mpoundnents for a nunber of years. Fish that would be used in Strategy 3
could cone froma variety of sources but should follow the priorities outlined
under Strategy 2.

CGui del i ne:
\ On 19 February 2002, the San Juan River Biology Commttee agreed that
there were too few wild razorback sucker or Col orado pi kem nnow

remai ning in the San Juan River to achieve recovery by using genetic

managenent Strategy 1 (i.e., all natural) at all, or by using genetic

managenent Strategy 2, Priority 1 alone (i.e., augnentation using just

San Juan River parent stock). Therefore the Biology Conmittee agreed to

adopt the followi ng genetic nanagenment strategies for the two San Juan

Ri ver endangered fishes:

\ Razor back sucker: Since there are razorback sucker in captivity
both fromthe San Juan River arm of Lake Powell (believed to have
originated fromw |l d San Juan River stocks) and from appropriate
“Near est Nei ghbor” sources, augnmentation will proceed using
broodst ock from both sources (i.e, Strategy 2, Priorities 1-3).

\ Col orado pi kem nnow. Since there are no Col orado pi kem nnow of
San Juan River origin in captivity and appropriate captive
“Near est Nei ghbor” broodstock are avail able, augmentation will
proceed using “Nearest Nei ghbor” broodstock (i.e., Strategy 2,
Priority 2).

V. CENETI CS MANAGEMENT OF CAPTI VE STOCKS

When progeny derived fromthe wild San Juan River parent stock are not
avail abl e, a “Nearest Nei ghbor” approach for augmentation or restoration
st ocki ng shoul d be used.

A. Determining The Need For Captive Propagation And Stocking Endangered

Col orado River Fishes. Depressed, endangered fish stocks that do not have
sufficient recruitnment to achieve and maintain self-sustaining popul ati ons may
require captive propagation to produce fish for experinments related to
research studies and for augnentation or restoration stocking (WIlliams et al
1988). Such is the case in the San Juan River for both razorback sucker and
Col orado pi kem nnow (Hol den 2000).

In the Upper Col orado River Basin needs for captive-reared endangered fish

t hat have been identified include: (1) genetic refugia and broodstock

devel opnent; (2) research and devel opnent; (3) informati on and education; and
(4) augnentation or restoration stocking (Wdoski 1994). Refuges serve a
vital function in maintaining endangered fish that may beconme extinct due to
declines in wild populations or fromcatastrophic risks and to hold wild fish
for broodstock devel opnent. Captive-reared endangered fish are needed for
research to conduct |aboratory and field experinents related to ecol ogi ca
requi renents, habitat use, interactions with nonnative fishes, response to
contam nants in acute or chronic bioassays, homng (i.e., olfaction and
chenor eception studies), fish passage, taxonomy, anatony, and physiol ogy as
wel | as performance, fitness, and hereditary trials. Endangered fish

speci mens are needed for use in public relations prograns and to educate the
publ i c about reasons for the fish being Iisted as endangered and the program
to recover declining popul ations. Augnentation or suppl enental stocking may
be required to provide a "junp-start” nechanismto supplenent fish in habitats
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where the wild popul ations are very depressed. Restoration stocking is
necessary in river reaches where stocks have been extirpated.

If conducted in a scientifically sound manner, captive propagati on of
endangered fish will prevent: (1) extinction of the species; (2) |oss of
genetic diversity within a species, stock, or population; (3) |oss of genetic
di versity anmong stocks or popul ations; and (4) inadvertent artificia

sel ection that may lead to directional succession frominbreeding or genetic
swanpi ng of wild stocks (Busak 1990; Kapuscinski et al. 1993). The genetic
processes that may be affected by these risks and the hatchery activities that
nmay cause the risks are sunmarized in Box 7. The extinction of indigenous
fish stocks can be caused by stocking captive-reared fish but is generally
preceded by the | oss of genetic diversity within and between popul ati ons.

B. Reasons For Maintaining Genetic Diversity In Captive Propagation Prograns.
The maj or objective in captive propagation of threatened and endangered fish
species is (1) to devel op broodstocks and to produce offspring that have
genetic characteristics simlar to those of the founding popul ation. Two
addi ti onal objectives for captive propagati on of endangered fishes are (2) to
use captive propagati on and stocki ng when necessary as tenporary fishery
managenment tools to facilitate recovery (i.e., devel opment of self-sustaining
popul ati ons) of endangered fishes in their natural habitats while preserving
the genetic diversity of wild endangered fish stocks and (3) to nmintain
artificial genetic refugia for endangered fish species or stocks that may be
susceptible to extinction fromdeclining nunbers and from catastrophic risk in
the wild, until such risks are renoved. Breeding, rearing, and maintaining
captive stocks such that genetic diversity simlar to wild stocks is

mai nt ai ned from generation to generation is inmportant in achieving this

obj ective. Mnaging captive popul ations to maintain existing natural genetic
diversity preserves future options for effective managenent and recovery of
the taxon by fish and wildlife managers (Ralls and Ball ou 1992; Thomas 1990).

The natural genetic diversity within a population is associated with its
evolutionary history and is inportant for adaptation, |ong-termsurvival, and
maxi mum production in the wild. Protecting genetic diversity within a

hat chery broodstock prevents artificial selection, inbreeding, and genetic
drift which frequently occurs in hatchery programs (Al lendorf 1993). The
concept of "maxinmally protecting genetic diversity" within a hatchery stock
assunes that a sufficient nunber of randomy sanpled individuals fromthe
appropriate donor stock or popul ati on were used such that the broodstock truly
reflects the genetic characteristics of the donor popul ation. Proper

br oodst ock devel opnent during the foundi ng phase of a propagation programis
fundanmental in the recovery of endangered speci es because the species nust
possess sufficient genetic diversity to allow survival and recruitment of the
fish in altered and partially restored environnents.

The i nmportance of nmmintaining detailed and accurate propagation records for
captive broodstocks cannot be overenphasi zed. Records should include the
origin, genetic profile, and unique identifying number of each adult broodfish
as well as its production record and progeny perfornmance. GCenetic
characteristics of broodstocks and progeny nust be known so that augnentation
or reintroduction efforts can be nonitored and eval uated to determ ne surviva
of hatchery-reared fish and their interaction with wild stocks (Gauldie 1991
Hynes et al. 1981).
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Box 7.

Genetic risks (expressed as changes from natura

patterns) of

hatchery activities and the rel ated genetic processes.

Modi fi ed from Kapusci nski

Cenetic risk

Extincti on

Loss of genetic
diversity within
st ocks or
popul ati ons

Loss of genetic
di versity anpng
st ocks or
popul ati ons

| nadvert ent
artificial
sel ecti on

et al. (1993).

Hat chery activity
causi ng Ri sk

- Excessi ve nunbers of adults renoved
fromwi ld stock or popul ation for
devel opment of broodst ock

- Low nunber of parents nmated.

- I nappropri ate breedi ng design.

-Captive breedi ng changing the
natural genetic variation in
famlies.

- Founders for broodstocks differ
fromw |l d or suppl enented stocks or
popul ations in genetic diversity,
life history patterns, or
adaptability to the environnent of
the wild stock or popul ation

- Broodst ock coll ected from st ocks or
popul ati ons that are genetically
unrel ated to wild stocks

- Broodst ock not col |l ected throughout
the spawni ng season
-mated adults are from a nonrandom
sanpl e of their cohort with respect
to genetic performance traits
because of nonrandom nortality
during incubation, rearing, or
hol di ng.
-Cenetic swanping of wild stocks
t hrough stocking of |arge nunbers
of closely related individuals or
unequal family lots

Ceneti c _process

I ncreases in
genetic drift
and i nbr eedi ng

I ncreases in
genetic drift
and i nbreedi ng

| mm gration:
Changes in
genetic
patterns;
Qut br eedi ng
depressi on

Artificial
sel ection:
Di srupt ed
patterns of
nat ur a

sel ecti ons;
Changes in

amount s of
nat ur a
sel ection
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It is especially inportant to obtain a random sanmple of fish that represents

t he donor popul ation by sanpling adults within and anong spawni ng tinmes

t hr oughout the spawni ng range of that stock. The nunber of wild fish renoved
at any one time should be limted so that the remaining wild fish are not
adversely affected by their renoval unless the species is in innmedi ate danger
of extinction. |In general, no nore fish should be renpoved than can be spawned
at a particular time or maintained in available holding facilities. Follow ng
successful contribution to the F, generation, wild fish should be returned to
the river reach where they were collected. |If further stocking is deemed
necessary, additional wild fish can be captured and used to supplenment the
genetic diversity of broodstocks.

C. Choice & Founders For Broodstock Devel opnent. The first priority for
obt ai ni ng founders for a broodstock is to use founders fromthe appropriate
wi | d stock or population and to use acceptable breeding strategies that wll
mai ntain genetic diversity simlar to the wild stock (Kapuscinski et al
1993). Strategies for broodstock devel opnent can be prearranged to reduce
genetic risks to wild stocks. Adult fish fromeach stock evolved life history
patterns (other things being equal) that allowed adaptation to their
environnent in the Upper Colorado River Basin. |If the endangered fish stock
or population froma specific river reach has been extirpated or is extremely
low, then the founders should be obtained froma stock that would be the

near est nei ghbor from an evol uti onary (not necessarily geographic) standpoint.
Fi sh from nearest nei ghbor stock should exhibit life history patterns simlar
to the extirpated popul ation and be taken from an environment that has the
greatest ecological simlarity to the environment where the species is to be

restored. |If restoration cannot be done by natural reproduction, snal
nunbers of wild founders should be collected fromthe wild stock to mnim ze
denogr aphi c i mpacts on the genetic resources, life history patterns, and

natural recruitnent of the wild stock.

D. Estimating The Nunber O Fish Required To Produce Broodstocks. The numnber
of endangered fish needed at the end of each growi ng season to produce

broodst ocks i s dependent upon the attrition (i.e., nortality) rates of the
fish at the end of each growi ng season. Conservative attrition rates were
estimated by consensus anong nenbers of the upper basin Propagation
Subcommittee and Biology Committee. These attrition rates will be refined
fromenpirical data from captive propagation of the fish in different
facilities. Estimates of razorback suckers or Col orado pi kem nnow needed at
the end of each growi ng season until the fish mature and can be maintained as
broodstocks in a primary and a backup refuge are provided. To be certain that
about 30 adults (preferably equal sexes) fromeach famly lot are avail able as
broodstocks in primary and backup refuges, the nunbers of fish required at the
end of each growing season is estimated to be: 1 - 500 fish; 2 - 250 fish;

3 - 200 fish; 4 - 160 fish; 5 - 152 fish; and 6 - 144 fish.

E. Inportant Considerations In Captive Propagation O&f Endangered Fishes.
Equal sex ratios anbng breeding adults (Kapuscinski et al. 1993; Lacava and
Hughes 1984; Tave 1984), equal numbers of offspring anong famly lots from
pedi greed matings (Al lendorf 1993; Kapuscinski et al. 1993), extended

i nterval s between generations, and avoi dance of selection are inportant in

mai ntai ning large effective popul ation sizes and genetic diversity of

broodst ocks in captive breeding prograns (Frankhamet al. 1992; Kapuscinski et
al. 1993). Ignoring these factors has resulted in rapid | oss of genetic
diversity in broodstocks under captive rearing conditions (Allendorf 1993;
Kapusci nski et al. 1993). Equal nunbers of fish frompedigreed famly |lots at
the tinme of release will provide genetic diversity that will increase
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ef fective popul ation size and reduce the potential for inbreeding while
enhanci ng the potential for adaptation and survival after stocking (Al Il endorf
1993; Kapuscinski et al. 1993). Captive rearing of endangered fish results in
a gainin total offspring but with a tradeoff in which there may be a

si mul t aneous reduction in the effective population size (Ryman and Lai kre

1991). A reduction in effective population size will be acconpani ed by
excessive | oss of genetic heterozygosity. This is especially true if the
absol ute size of the wild population is small. Ryman and Lai kre (1991)

strongly recomend that the risk of |osing genetic variability through captive
breedi ng shoul d be carefully considered even if only a single stocking is to
be made. Precautions that will be taken during propagation and stocking are
sunmari zed by priority in Box 8.

Box. 8 Recommended strategies to maxim ze the effective popul ation
size in the captive propagati on of endangered Col orado Ri ver
fishes. (Reconmendations in priority order).

1. Mate one male with one female as a minimally accepted protocol if
wild adults are available until an effective population size of 50 is
achi eved to naxinmize the genetic contribution fromthe wild stock and
m nim ze the rate of inbreeding.

2. Breed as nany adults as feasible in a given year until an effective
popul ati on size of 50 is reached by mating one male with one female.
If 25 fam |ies cannot be obtained during one spawni ng season
continue in the follow ng years until 25 paired mati ngs have been
attained. It is inportant that all 50 fish used in the matings are
different individuals so that all fanmly [ots are unique.

3. If the nunbers of adult endangered fish are | ow, use the 5X5 breeding
matrix or di-allele cross to devel op a broodstock (Figure 1). The
hal f-sib famly | ots provide a safeguard against the potentia
catastrophic | oss of the genetic contribution fromany parent.

4, When wild fish are extrenely rare and represented by unequal sexes,
use factorial matings to capture the genetic contribution from al
fish of the | east numerous sex. For exanple, if three males and one
femal e were available, three famly lots should be produced by mating
all three males with the single female. This exanple will result in
the three half-sib famly lots.

5. I f possible, additional wild adults shoul d be obtained to suppl enent
the effective popul ation size of broodstocks devel oped fromthe di-
allele cross or factorial cross. Were facilities are linted,
famly lots frommating one male with one femal e should repl ace hal f-
sib famly lots to naxin ze the genetic contribution fromthe wld
st ock.
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F. Effective Population Size In Captive Propagation & Endangered Fish. The
ef fective population size (N) is a key paraneter in conservation of genetic
diversity because the rate of inbreeding and the | oss of genetic

het erozygosity is proportional to the inverse of the effective popul ation size
(Ryman and Lai kre 1991). The effective population size can be cal cul ated
using the followi ng fornmula (Lande and Barrowcl ough 1987):

AN (males) X 4N (fenal es)
N = N (mal es) + N (fenal es)

Exact estimates of the effective popul ation size are conplicated. For
exanpl e, the formula given above for the effect of sex ratios assunes random
mati ng, constant popul ati on size through tinme, and variance in fertility that
approaches the Poison distribution. Effective population size can be
maxi m zed by non-random matings of paired individuals and equalizing the sizes
of family lots (Allendorf 1993).

The effective popul ation size should be maxi m zed in every hatchery generation
to reduce the risk of loss of within-population genetic variation (Kapusci nsk
et al. 1993). Strategies for conserving genetic diversity in captive-reared
endangered fish are summari zed i n Box 9.

The rate of inbreeding (F) can be calculated if the Nis known using the
formul a:

By applying this fornula, the estimated rate of inbreeding for an effective
popul ati on size of 50 (equal sexes) is 1 % For an effective popul ation size
of 10 (equal sexes), the estimated rate of inbreeding is 5% Therefore, it is
advant ageous to use as many adult fish as possible in devel opi ng broodst ocks.

It has been suggested that a m ninmum effective population size of 50 is
required to prevent inbreeding depression (Soule 1980) and a mininum effective
popul ation size of 500 is required to reduce long-termgenetic drift (Franklin
1980). The acceptability of the "50" value is enpirical from broad experience
of animal breeders. Aninal breeders have not encountered probl ens when the
rate of inbreeding was 1% or | ower per generation. However, some anima
breeders will allow inbreeding to increase between 2% and 3% A naxi mum of 1%
in the inbreeding rate is recomended for wld popul ations (Sinberloff 1988).
The acceptability of the "500" val ue was proposed for genetic drift based on
one trait in a fruit fly. Both values of this "50/500" rule have been

di sputed and no magi ¢ nunmbers or specific rules appear to be valid for

propagation of aninals (Sinberloff 1988). |Inbreeding is of particular
i nportance because it has been denpbnstrated that a consequence of inbreeding
depression in brother-sister matings for sonme species will result in offspring

that are sterile or inviable after several generations (Lande 1988). The 1%
maxi mum i nbreedi ng rate recomended by Sinberloff (1988) for wild popul ations
shoul d be used as a target for an effective population size in devel opi ng

br oodst ocks of the endangered Col orado River fishes.
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PARENTS 3

Offapring

Some seleched
matings

Figure 1. Diagramillustrating a 5 x 5 di-allele breeding matrix for
mai nt ai ni ng genetic diversity during captive propagation of
endangered fish stocks.
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Box 9. The 5 X 5 di-allele breeding matri x
(Expl anati on of Figure 1)

Over generations, genetic diversity can decline in captive popul ati ons
fromthe original founders through uncontrolled natings. Controlled
breedi ng usi ng marked broodstock, paired matings, equal sex ratios, and
equal nunbers from pedigreed fanmily lots can help to reduce any negative
effects to the original genetic diversity.

1. Ten unrel ated parents, five males (colums) and five femal es (rows)
are bred using a 5 X5 matrix, the “di-allele” cross (Kapuscinski et
al . 1993)

2. Ef fective popul ation size is 10.

3. The figure illustrates a single locus, multi-allelic (10 uni que

allele) system Each unique allele is represented in the figure
with a different color.

4. Each parent in this illustrationis |limted to two alleles that are
honozygous.
5. Twenty five heterozygous F, | ots or genotypes are produced by the

matings, resulting in all possible genotypes.

6. The breeding matrix produces half-sib maternal (within rows) and
hal f-sib paternal (within colums) F, fanily |ots.

7. Breeding within famly lots, brother/sister or full-sib matings
(i.e., mating an AL nale with an Al fenale)results in inbreeding in
the F, generation. See lower left illustrationin Fig. 1

I nbreeding results in an increased frequency of honbzygous genotypes
and a decreased frequency of heterozygous genotypes. This results
in an increased frequency of famlial alleles and a | oss of

popul ation alleles, with a loss of fitness in offspring because of

i ncreasing del eterious recessive alleles.

8. | f anot her population is founded froma |imted gene pool, the new
popul ation (i.e., broodstock) would suffer the effects of “founder
event”.

9. Breeding within a row or columm produces hal f-sib matings(i.e.,

mating an AL male with and A2 fenmale), that also results in
i nbreedi ng, but not to the extent of brother/sister pairings.
Honobzygosity increases at a reduced rate when conpared to full-sib

mati ngs. See |lower center illustration of figure.

10. Mati ng progeny from outside colums and rows prevents inbreeding.
All F, famly lots are heterozygous and genetic diversity is
mai nt ai ned. See lower right illustration in Figure.
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Al l endorf (1993) reconmmrended stocking equal numbers of offspring of famly
lots from pedigreed matings. This practice will reduce the potential for |oss
of genetic diversity. Philipp et al. (1993) reconmended that genetic
characterization of captive-reared fish be conpared with wild stocks to ensure
that the genetic diversity is simlar

G Ideal Nunber OF Founders For Broodstock Devel opnent. The designation of
"endangered" to any organi smunder the Endangered Species Act inplies that the
nunbers of wild organisns are linmted. The basic goal in an captive
propagation programis to naintain the genetic diversity of captive
broodstocks that is simlar to the parent wild stock. Sinberloff (1988)
enphasi zed that general agreement does not exist about the absol ute nunbers of
ani mal s needed to nmintain genetic diversity in captive propagati on prograns.

To achi eve Sinberloff's recommendati on of keeping the maxi numrate of

i nbreeding at 1% or |lower, an effective popul ation size of fifty parents (25
mal es and 25 fenales) is needed for devel opment of a broodstock. Mating of
one nale with one fenale is desirable to naxim ze the genetic contribution
fromall fish used as parents (Al lendorf 1993). This strategy of 25 paired
matings is reconmended as a target for an effective population size in the
captive propagati on of endangered Col orado River fishes. This strategy was
designated as "Priority 1" in Box 8 for the maxim zation of genetic diversity
i n broodstock devel opnent. The fertilized eggs frommating one mal e and one
female (i.e., 1 famly lot) should be divided and reared in separate
facilities to avoid the total [oss of the genetic contribution fromthose two
parents through an accident or catastrophe.

It is desirable to mate the 25 pairs of endangered fish in one year because
br oodst ocks would mature at the sanme tine so that equal nunbers of all family
| ots could be produced and stocked from parents of the sane age. This
procedure woul d elimnate nany variabl es that could influence genetic
diversity and stocki ng success.

I f sufficient nunbers of endangered fish are in the wild, the goal would be to
increase wild recruitnment until self-sustaining populations are realized to
neet the carrying capacity of available habitat. However, for declining
endangered fish stocks with [ittle or no recruitment, captive propagation may
be necessary to augnment wild stocks since a critical |evel of abundance of
adults or threshold density (Al lee Effect) may be needed for successfu

natural spawni ng (Lande 1988). In river reaches where the endangered fish
have been extirpated, restoration stocking will be necessary, provided that
suitable habitat is available for all Iife stages. |If an effective popul ation

size of 50 adults cannot be obtained in one year, broodstock devel opnent can
be acconpli shed over a nunmber of years by nmating one nmale with one fenale
(Item 2 in Box 8).

H Breeding Strategy For Captive Propagation Wien Small Nunbers O Endangered
Fish Are Available. If the number of available adult wild fish is |low, mating
5 males and 5 females using a 5 X 5 breeding matrix (Figure 1) is reasonable.
An Ad Hoc panel of fishery geneticists agreed that the 5 X 5 breeding matrix
shoul d be used as the basic nmininmal breeding strategy nodel for propagation of
t he endangered Col orado River fishes when the nunber of wild adults is
limted. This nodel, the di-allele cross (Figure 1), involves nmating 5 nal es
with 5 femal es of a stock as broodstock founders to produce 25 famly lots
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(Kapuscinski et al. 1993). The entire genetic contribution frommting 5
males and 5 fenmales are represented in the diagonal cells (upper left to | ower
right). The renmaining 20 crosses are various conbi nations of the 10 parenta
genot ypes.

Pedi greed matings of this nature (a single uniquely-nmarked male mated with a
si ngl e uni quel y-marked femal e) ensure that every possible genotype is produced
and each parent is genetically represented in the next generation, thus
preserving allelic diversity in the offspring of the captive stock

(Kapusci nski et al. 1993). The mating of ten unrelated parents in the
illustration of a di-allele cross (Figure 1) will maintain the genetic
contributions of all parents. Note the genetic diversity in offspring from
full-sib (AL X A1) or half-sib (Al X A2) crosses. The resulting offspring of
the full-sib cross is illustrated in the lower |eft diagramand the half-sib
cross is illustrated in the |ower center diagram A detailed explanation of
the di-allele cross (Box 9) acconpanies Figure 1 to explain its use in

mai nt ai ni ng genetic diversity.

If space is limted for propagation of all family lots froma 5 X 5 di-allele
cross, nmintaining separate groups of the 5 unique famly lots represented in
the diagonal cells as illustrated in Figure 1 would be preferred to

mai ntai ni ng the 20 ot her matings because these 5 fanily lots contain the
entire genetic contribution fromthe 10 parents. |If adult fish are extrenely
rare and five fish of each sex cannot be obtained, factorial matings
(Kapuscinski et al. 1993) will be used to increase the genetic contribution
fromthe | east nunerous sex (See Item4 in Box 8).

After a broodstock has been developed froma 5 X 5 cross or a factoria

mating, additional wild endangered fish should be used to suppl enment the
genetic contribution of the parent stock until a mninmm effective popul ations
size of 50 is achieved, providing that no adverse affect will occur to the
wild stock (See Item5 in Box 8). Additional lots fromnmating one male with
one femal e should replace the half-sib lots in the di-allele cross to naxin ze
the genetic contribution fromthe wild parents.

In sone situations, it may be feasible to spawn wild fish at the site of
capture and return themto the habitat fromwhere they were coll ected
However, in nost situations, fish will be captured, transported to hol di ng
facilities at genetic refuges or hatcheries, and held until they can be
spawned. The stress of capture and transporting nmay prevent potentia
broodst ock from spawni ng during the year of capture. Even if fish spawn in
the year of capture or a subsequent year, the wild adults may be retained at
the refuge or hatchery for an additional year to ensure that F, progeny
survive fromthe initial spawning

VI . CGENETI C MANAGEMENT PLAN FOR SAN JUAN RI VER ENDANGERED FI SH

A. Razorback Sucker. The razorback sucker is a | arge nonotypic catostomd
species endenmic to the Colorado River Basin (MIller 1959). It was once

wi despread and conmon in warmwat er reaches of many Col orado River Basin
streans from Wom ng to Mexico. Distribution and abundance of the species has
declined in recent years and it is now extirpated fromnost of its historic

range. Interruptions of natural flow patterns, obstruction of migration
routes, and destruction of historic habitat by diversions and i npoundnents
have contributed to the decline of the species. In addition, introductions of
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nonnati ve species that prey on and conmpete with the razorback sucker (Tyus and
Saunders 1996) and adverse effects fromvarious contam nants (e.g., Hanmilton
1998, Ham |ton and Buhl 1997) have al so negatively effected the species. Due
toits inperiled status the razorback sucker was |isted as an endangered
speci es under the Endangered Species Act of 1973, as amended, effective
Novenber 22, 1991.

A. 1. Status/Distribution And Abundance

Hi storic

Col orado River Basin. The razorback sucker was once comon throughout 3,500
nmles of the Colorado River Basin. |Its range included the mainstemriver and
maj or tributaries in California, Arizona, Nevada, New Mexico, Colorado, Utah
and Woning; and in the State of Baja California Norte and Sonora of Mexico
(El'lis 1914, M nckley 1973, MG nnis 1984).

The species was npbst abundant in the Lower Col orado River Basin downstream of
the present day Lake Mead and was very abundant around Yuma, Arizona (G| bert
and Scofield 1898). Known collections and reports of occurrence in the | ower
basin were sunmarized by Maddux et al. (1993).

In the Upper Basin, razorback suckers occurred in the Col orado and Green River

drai nages. In the Colorado River drainage, razorback suckers were present
fromLee's Ferry to near Rifle, Colorado on the Col orado River, the Gunnison
Ri ver and San Juan River (Maddux et al. 1993). 1In the Green River drainage

historic distribution of the species was fromthe confluence of the Green and
Col orado Rivers upstreamto the town of G een River Wom ng, including
portions of all the major tributaries to the Green River (Maddux et al. 1993).

San Juan River. The past distribution of the razorback sucker in the San Juan
Basi n has not been well docunented and is not well known. The range of the
species in the San Juan River probably included the mainstemriver fromits
confluence with the Col orado River upstreamto and including portions of the
Aninas River. The original range of the species in the San Juan River Basin
may have been greater but early surveys and collections are sporadic or

Il acki ng. Anecdotal evidence exists that suggests razorback suckers were
present at |east seasonally in the Animas R ver (Jordan 1891) and present in

t he mai nstem San Juan River upstreamto within a few niles of the Col orado- New
Mexico state |ine (Koster 1960). Lief Ahlmof the New Mexi co Department of
Gane and Fish also investigated reports that suggested the occurrence of
razorback sucker in the Cedar Hill area of the Animas River (approximately 7
to 8 mles downstream of the state |ine, near the present-day | ocation of the
H ghway 550 bridge) during the 1930s and 1940s. He found evi dence of

razor back suckers and roundtail chub in the Animas River through the
identification of the two species in photographs and descriptions fromlong-
time residents and anglers of the Cedar H Il area (L. Ahlmpers. comm). The
first scientifically verifiable record of razorback sucker in the San Juan

Ri ver basin was in 1976, when two adults were collected froman irrigation
pond near Bluff, Uah (Platania 1990).
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Current Status

Col orado River Basin. Distribution and abundance of the razorback sucker have
been reduced to a fraction of their historic standing and appear to be
continuing to decline. No significant natural recruitnment to any popul ation
has been docunented in recent years (Maddux et al. 1993).

The formerly large Lower Basin popul ati ons have becone extirpated from nost of
the remaining riverine environnments, but remnant popul ati ons of varying sizes
still exist in several |ower basin reservoirs (Mnckley 1973, Hol den et al
1997). The largest of these reservoir popul ations, estimted at approxi mately
60, 000 adults, exists in Lake Mohave (M nckley et al. 1991). However, natura
recruitnment in this population is |acking and the popul ati on appears to be in
decline. Sone managed recruitnent, however, is occurring in the Lake Mhave
popul ation as a result of intensive efforts to control predati on on young fish
t hrough the use of predator free grow out areas adjacent to the |ake (WL.

M nckl ey pers. comm). Recently, a population of relatively young razorback
suckers (when conpared to other |ower basin reservoirs) has been docunented in
Lake Mead (Hol den et al. 1997). However, the Lake Mead popul ation of
razorback suckers is much | ess numerous than that found in Lake Mhave,
totaling |l ess than 500 individuals (Holden et al. 1997, 1999).

The | argest concentration of razorback suckers in the Upper Basin occurs in

t he upper Green River between the Duchesne and Yanpa Rivers (Lanigan and Tyus
1989, Bestgen 1990). Lanigan and Tyus (1989) estimated that between 758 and
1,138 razorback suckers were present in the upper Green River. Recent

evi dence indicates that although there has been sone linmted recruitment this
popul ation is declining. GOccasional captures of razorback suckers also stil
occur in the Colorado River in the Grand Vall ey but have declined appreciably
since 1974 (Maddux 1993). Adults of the species are rarely collected in the
| ower Green and Col orado Rivers. Larval razorbacks suckers, were collected
bet ween 1992 and 1994 from several |ocations on the G een R ver downstream
fromits confluence with the Yanpa River, and in the Col orado Ri ver Arm of
Lake Powell. No verified collections of larval fish have been made in the
Col orado Ri ver above its confluence with the Green River (Mith pers. conm).
Col l ections of juvenile fish in the upper basin are rare.

San Juan River. Current distribution of razorback suckers in the San Juan

Ri ver, including introduced fish, is fromapproximtely the confluence of o
Wash (RM 170.8) to the San Juan River Arm of Lake Powel|. Numerous, intensive
scientific studies since 1987 have failed to collect wild razorback suckers
fromthe San Juan River in Colorado or New Mexi co and only rarely have
razorback suckers been collected fromthe riverine portions of the San Juan
River in Uah. Most collections of wild fish have occurred in the San Juan

Ri ver Arm of Lake Powel| over suspected spawni ng | ocations. Recent reported
collections of wild specinens in the San Juan River Basin total 41 different
fish and i ncl ude:
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] Two adults collected froman irrigation pond near Bluff, Utah, in 1976
(Pl atania 1990).

° One adult, 550 mmtotal length (TL) captured 14 Novenber 1983, at
Neskahi Wash by the Utah Division of Wldlife Resources (UDWR) during
its annual gill netting to nmonitor fish populations (UDWRin lit.).

° One adult (545 mm TL) captured 14 Novenber 1984, at Neskahi Wash by the
UDWR during their annual gill netting to nonitor fish popul ations (UDWR
inlit.).

° One adult captured 25 April 1988, fromthe nminstemat approxinately RM

82, near Bluff, Utah (Platania 1990).

] Twel ve different adults were collected froma suspected spawni ng
| ocation in the San Juan River Arm of Lake Powell near Piute Farms (RM
-0.5) between 20 March and 5 April 1987. Eight were ripe males and four
appeared to be gravid fermal es (Platania 1990).

° Ten adults (six fish were recaptures from 1988) were collected at the
same suspected spawni ng location in the San Juan Ri ver Arm of Lake
Powel | near Piute Farms (RM-0.5) in spring 1988 (Pl atania 1990).

° One adult (601 mm TL) was captured 14 November 1989, at Neskahi Wash by
the UDAR during its annual gill netting to nonitor fish popul ations
(UDWR in lit.).

° Fourteen adult razorbacks were collected during April 1990 in a joint
effort by the UDWR, U S. Bureau of Reclamation (USBR), and U.S. Fish
and Wldlife Service. Four of the fish collected had been previously
tagged. Three had been tagged at Piute Farns during 1987 and 1988 and
one had lost the Carlin tag but had retained the attachnment thread. It
is likely that the fish with the |ost tag had al so been previously
collected at Piute Farms. Fish were collected over suspected spawning
| ocations and ranged in size from557 mmto 682 mm Collections were
fromthe San Juan River Arm of Lake Powell at approximately RM-0.5 (1
adult) and RM-5.5 (13 adults). Eleven of the fish were subsequently
transported to Quray National Fish Hatchery for broodstock devel opnent
and genetic studies (MKay 1990).

] Three adult razorback suckers were collected in early April 1991 near
Nokai Canyon on the San Juan River Arm of Lake Powell in a joint effort
by the UDWR and USBR (USBR in lit.). Al three adults were transported
to Quray National Fish Hatchery (Chart pers. comm).

° Three adult razorback suckers were collected by UDWR during April 1992
near RM-10 in a cove on the south side of the San Juan River Arm of
Lake Powel | (Stangl 1993).

I nt ensi ve ongoi ng col | ections between 1990 and 2002, part of a continuing
research program by the SJRIP have not resulted in the capture of any
additional wld razorback suckers fromriverine habitats in the San Juan
River. 1In addition, an intensive effort to collect adult fish during the
spring of 1997 fromthe San Juan Arm of Lake Powell resulted in no additiona
fish captures.
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However, between 1994 and 2002, 6,975 PIT-tagged razorback sucker were stocked
into the San Juan River, first as part of an experinmental stocking and

noni toring program (n = 940; Ryden and Pfeifer 1994, Ryden 2000) and |l ater as
part of a five-year augnentation effort (n = 6,035, Ryden 1997, 2001). The

i neage of stocked fish varied wi dely from progeny of San Juan River arm of
Lake Powel | adults, to progeny of adults fromthe G een and Col orado Rivers,
to progeny of wild adults from Lake Mhave.

Radi o telenetry and capture data fromthese fish have denonstrated survival of
stocked fish in the river over a several year period. Those fish stocked at
> 300 mm TL seem to have nuch hi gher survival rates, post-stocking (Ryden
2000, 2001). In addition, in spring 1997, 1999, and 2001 spawni ng
aggregations of stocked razorback sucker adults were documented at RM 100. 2
downstream of Aneth, Uah (Ryden 2000, 2001). Larval razorback sucker have
been collected in five consecutive years, 1998-2002, and |arval razorback
suckers have been collected both up- and downstream of the suspected spawni ng
area at RM 100.2, indicating that there is at |east one other unidentified
spawni ng area upstream of that |ocation. However, despite the continued
survival of stocked adult razorback suckers and presence of larval fish in
five consecutive years, no recruitment has yet been docunented.

A. 2. Cenetic characterization. Razorback suckers were once abundant and

wi dely distributed throughout the Col orado River Basin. Currently, they are
sparsely distributed within portions of their previous range and occur in

si zeabl e nunbers in only a few areas (Mnckley et al. 1991). Hunan activities
in the last century have severely inpacted this species through introduction
of exotic species and construction of danms that have nodified habitat and

di srupted potential corridors for novenent throughout the basin. However,
sone researchers believe that even prior to human nodifications razorback
suckers may have been distributed discontinuously, tending to be localized in
wi de, alluvial reaches of the Colorado River systemlike the Green and Gl a
Rivers (Mnckley et al. 1991). Lack of continuity could have resulted in

i sol ati on and di vergence of popul ations, although the |ongevity, fecundity,
and size of the species nade it probabl e that enough individuals dispersed
anmong regions to prevent divergence of subpopul ati ons (Dowling and M nckl ey
1994). Baseline genetic studies including allozymes and nt DNA have been
conducted since 1990 on the renai ni ng popul ations to quantify the anount of
genetic variation within and anong exi sting popul ations and to help formul ate
managenent strategies for the species as a whole. Location of sanples and
type of anal ysis conducted are shown in Table 1.

Al l ozynes and nt DNA represent conplenentary data sets, measuring different
parts of the genome and can act as dual tests of hypotheses involving
hybri di zati on, divergence, etc.

In his analysis of allozyne data Buth (1994) found that all groups of sanples
had heterozygosity |levels below the nean for tel eost fishes but were average
for tetraploid catostonid fishes. Allozynme heterozygosity levels varied
geographically but not in a clinal fashion. |[In addition, though razorback
sucker popul ations are now fragnented and do not conprise a single, randonmy
br eedi ng met apopul ation no fixed or conplete allelic differences anong

geogr aphi ¢ sanples were found for any loci exanm ned. Buth concluded that
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Tabl e 1.

Li sting of specimens of Xyrauchen texanus used in genetic anal yses.

Al'l ozyne Study (Buth 1994)

nt DNA Study (Dowling & M nckley 1993)

et al.

1987)

Locati on Sanpl e
Si ze
Green/ Yanpa Rivers 51
-Yanpa R @confl. with (3)
Geen R
-Geen R (RM 311) (36)
-Stewart Lake drainage (RM (5)
299)
-add Charley Wash (RM 251) (4)
-Duchesne R (RM 248) (3)
Etter Pond (Col orado R) 55
Upper Col orado 11
R/ Hi ghline
-Col orado R near Grand (7)
Junction
- Hi ghli ne Lake (4)
Lake Powel | 22
-Lake Powel | proper (19)
-San Juan Arm (3)
Lake Mohave 51
Senat or Wash Res. (Buth 14

Locati on

Green/ Yanpa Rivers

Upper Col orado River

Lake Powel |

Little Col orado Ri ver
Lake Mead
Lake Mbhave

Col orado River Indian Tribe

Canal s
Dext er National Fish
Hat chery

Sanpl e
Size

29

29

23

12
15
49

31




there was little allozyme evidence for major structure anong popul ati ons of
razorback sucker and that specific stocks were not recogni zabl e via any narker
loci. Buth also analyzed the all ozyne database to determine if sone |ocations
(popul ations) are worse than others as sources of broodstock. In his analysis
Buth identified a very low |l evel of heterozygosity in the Senator Wsh
Reservoir sanple that was extrene conpared to other popul ations/|ocations that
would Iimt the suitability of that population as a broodstock. Simlarly the
Etter Pond sanple was highly atypical in its expression of an allele comon in
Catostonus latiipinnis (Buth et al. 1987). Based on the allozyne data he
exam ned Buth (1994) stated that “a conservative recomendati on m ght
recogni ze Green + Yanpa and/or Lake Powel| and/or Lake Mhave as equally
legitimate sources of broodstock.” He further stated in his report that
criteria beyond allozynes would have to be considered to justify the

mai nt enance of just one, or two, or three separate stocks.

Dowl i ng and M nckley (1994) exam ned many of the same razorback sucker
popul ati ons using m DNA anal yses. They found that estinmates of hapl otype
diversity (j) varied dramatically between popul ati ons exam ned with the
greatest hapl otype diversity occurring in Lake Mohave (j=0.97) and the | owest
in the upper Colorado River (j=0.00) with geographically internedi ate sanpl es
exhibiting internmediate j values ranging from.73 to .82 (Table 2). The nunber
of hapl otypes and the number of hapl otypes per sanple corrected for sample
size (n,) showed similar trends.

Table 2. Characteristics of natural popul ati ons of razorback sucker
analyzed in nm DNA study (from Dow ing and M nckley 1994).

Upper
Lake Lake Lake G een Col or ado
Mohave Mead Powel | Ri ver R ver
SAMPLE SI ZE2 48 13 20 28 27
# OF 32 6 7 4 1
HAPLOTYPES
ng? 0.67 0. 46 0.35 0.14 0.04
i 0.98 0.82 0.81 0.73 0. 00

a=gnly sanples with conplete conposite hapl otypes and razorback mt DNA were
used in cal cul ati ons.
®=nunmber of hapl ot ypes per sanple, corrected for sanple size

Anal yses conducted by Dowling and M nckl ey indicated that the frequency of
speci fic hapl otypes di ffered anong sanpl es; however, the proportion of
variation differentiating populations was snmall, indicating that popul ations
were not divergent. Phylogenetic and phenetic analysis also indicated a | ack
of population differentiation. Taken together they concluded that anal yses of
nt DNA restriction site data indicate that existing popul ations of razorback
sucker have been interconnected by considerable gene fl ow or have becone

i solated so recently that nmt DNA di fferences have yet to accumul ate
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VWi | e di vergence anong regions was linted, levels of variation within sone
popul ati ons was considerable. 1In particular the sanple from Lake Mhave was
especially variable, exhibiting estimates of j and n, as high as those for any
organi smexam ned to date. Such a high diversity indicates surviving

i ndi vi dual s were produced by a | arge nunber of fenales, likely nore than exi st
in the region today. The high diversity and |ack of appreciable
differentiation of existing populations is consistent with considerable

i nterconnection of regions (Dowing and M nckl ey 1994).

Dowl i ng and M nckley (1994) postul ated that the observed clinal reduction in
nt DNA di versity could have resulted fromrecent serial bottl enecks as
razorback suckers col onized further upstream after the |ast glacial period
(Figure 2). If the systemhas not yet achieved equilibrium upstream
popul ati ons woul d exhibit only a subset of variation found in the downstream
source, with the nost common haplotype(s) likely to becone nore conmpn as one
noves upstream

As part of their nmtDNA study Dow i ng and M nckl ey exam ned genetic
characteristic of the Dexter National Fish Hatchery (DNFH) broodstock relative
to its parent source, Lake Mohave. They found that Lake Mohave fish contai ned
nore hapl otypes and were nore genetically diverse than the broodstock at DNFH
They concl uded that the best neans of preserving the natural genetic
variability of the razorback stock in Lake Mohave woul d be through a program
of capturing and rearing of wild caught |larvae fromthe lake. |In addition

t hey reconmended that a | arge diverse captive broodstock be maintained and
that the present inbred broodstock at DNFH be replaced with wild caught

i ndi vi dual s from Lake Mohave.
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Upper
Colorado
River
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Green/Yampa
Rivers
aaaaabbb
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Lake
Powell
aaaaabbb
aaahjk

Fi gure 2. Di agram di spl ayi ng the observed clinal reduction in nunber of
i ndi vi dual hapl otypes (i.e., ntDNA diversity) found anmpng
popul ati ons of razorback sucker in the Colorado River basin (from
Dowl i ng and M nckl ey 1994).
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A. 3. Recommendati ons For Razorback Sucker Management. Due to their extrenely
depressed status, the likelihood of collecting wild razorback suckers in the
San Juan River is very |low and special efforts to collect additional wild fish
for use as broodstock would al nbst certainly be futile, based on recent
efforts. Therefore, augnentation/restoration efforts for razorback suckers in
the San Juan River should be inplenmented using a conbination of several stocks
already in captivity, including the San Juan Ri ver Arm of Lake Powel| parenta
stock and ot her nearest nei ghbor stocks. Use of other stocks in addition to
fish of San Juan River Arm of Lake Powel| parentage is reconmended for severa
reasons, including:

c Use of only San Juan River Arm of Lake Powell fish represents a
significant risk for inbreeding depression due to the very smnal
ef fective popul ation size of that broodstock

c It is unlikely that the effective population size of the San Juan River
Arm of Lake Powel |l broodstock will be significantly increased through
the capture of additional wild fish.

c CGenetic studies to date indicate that considerable gene flow has
occurred between various razorback sucker stocks and do not provide any
evi dence for divergence of popul ations.

c There is little genetic risk to wild populations in the San Juan River
since they have beconme essentially extirpated upstream of the San Juan
River Arm of Lake Powel | .

In addition, due to the extrenely depressed status of San Juan River stocks
and the ready availability of genetically diverse fish from Lake Mhave
consi derati on should be given to using | ower basin fish fromLake Mhave as
wel | as upper basin fish in an augnentation effort.

In the unlikely event that a wild adult razorback sucker is collected in the
San Juan River, it should be brought into captivity, spawned, and then
returned to the river as soon as possible, so that it mght participate in
spawni ng events al ready docunmented to be occurring anmong stocked razorback
sucker. Since there no |onger appears to be a wild razorback sucker

popul ation in the San Juan River, the short-termrenoval of, at nost, one or
two wild fish should not be detrinental, since spawni ng events anong groups of
wild fish are nonexistent. At present, there is no evidence to indicate that
there is any razorback sucker hapl otype that is specifically unique to the San
Juan River. However, if a wild adult razorback sucker is collected, efforts
shoul d still be nade to include its genetic material in a San Juan River

br oodst ock.

30



Box 10. Genetics nmanagenent recomendati ons for razorback sucker in the
San Juan River.

1. Devel op broodstock using appropriate sources of fish

a. Retai n any existing San Juan River arm of Lake Powell fish in
captivity for broodstock devel opnent.

b. In the unlikely event that a wild adult razorback sucker is
collected in the San Juan River, it should be brought into
captivity, spawned, and then returned to the river as soon as
possi bl e.

C. Usi ng San Juan River arm of Lake Powel| and appropriate
Near est Nei ghbor fish, inplenent a 5X5 di-allele or other
appropriate breeding matrix to devel op broodstock (see box 8)
fromany remaining wild fish

2. Devel op an augnentation/restoration stocking plan for the San Juan

Ri ver.

a. Eval uat e need

b. Establi sh a genetic baseline for introduced stocks

cC. Eval uate factors affecting recruitnent, growh, and surviva
of introduced fish including; stock used, size/condition of
fish at stocking, and tine of stocking.

3. Monitor genetic status and trends of introduced fish and overal
fish comunity.

a. Conduct periodic nonitoring anmong progeny of stocked fish, as
they reach adul thood, to ensure that inbreeding depression is
not occurring.

b. Conduct periodic nonitoring for possible introgression

bet ween razor back sucker and ot her native and nonnative
suckers

31




B. Col orado Pi keni nnow.

The Col orado pi kem nnow is the |argest of the four existing species of

Pt ychocheilus and is endemic to the Colorado River Basin. It is also the

| argest menber of the mnnow famly (famly Cyprinidae) native to North
America wi th maxi mum wei ghts which |ikely exceeded 80 I bs. This |arge,
predaceous mi nnow has a conplex life history which has allowed it to exploit a
vari abl e environnent and survive to the present. The species is a generali st
adapted to | arge seasonal flow variations, high silt |oads, turbulence, |ow
food bases, and changing riverine subsystens (Smith 1981, Tyus 1986).

Once very conmmon throughout the Col orado River Basin, Colorado pikem nnow have
declined fromhistoric levels and it is now found primarily in the Upper Basin
of the Colorado River. Various factors have been inplicated in the decline of
the species including alteration of natural streanflows and tenperature

regi nes, |oss of habitat and habitat fragmentation as a result of water

devel opnent in the Colorado River Basin, and the introduction of nonnative
fish species that altered the biol ogical environnent in which the Col orado

pi kem nnow evol ved. Additionally, the poisoning of areas bel ow newy created
reservoirs in the 1960's to create nore favorable conditions for gane fish
(e.g., Oson 1962) species may have hastened the decline of the species in
some | ocations.

B.1. Status/Distribution And Abundance

Hi storic

Col orado River Basin. The Col orado pi kem nnow originally occurred throughout
the Colorado River Basin. In the Lower Basin, the species was recorded in the
Col orado River nainstemfromthe Gulf of California in Baja California de
Norte to Lee's Ferry in Arizona. The species has al so been recorded from nost
of the major tributaries to the Colorado River in the Lower Basin and the
Salton Sea (Maddux et al. 1993). |In the Upper Basin Col orado pikem nnow
occurred in the mainstemfromLee's Ferry on the Col orado River to upstream of
Rifle, Colorado on the Colorado River and to at | east Green River, Wom ng on
the Geen River. The species was common in the nmainstem Green and Col orado
Rivers. It also occurred in all the major tributaries to the Green and

Col orado Rivers including the San Juan R ver and probably occurred in nunerous
snmal ler streams. A nore detailed list of the known distribution in the Upper
Basin is presented by Maddux et al. (1993).

San Juan River. |n the San Juan River Basin the historic distribution of the
Col orado pi kenmi nnow i ncluded the entire mainstem San Juan River up to at | east
Rosa, New Mexico, upstream approxinately 25 mles from present day Navaj o Dam
In addition the species nay have ranged up the Aninas River to approxi mately
Durango, Colorado. WI1d Col orado pi kenmi nnow have been docunented using the
ower extremities of the Mancos River prior to spawni ng (Ryden and Ahl m 1996),
and historic seasonal use of other tributaries in the subbasin is also

pr obabl e.
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Hi storic collections, which for the purposes of this docunent are defined as
prior to the filling of Navaj o Reservoir, have been sporadic. Cope and Yarrow
(1875) were the first to report on fish fromthe San Juan R ver drainage.
Roundtail chub were reported by Lt. R Birnie in 1874, but no reports were
made of other species including Colorado pikem nnow. Jordan (1891) reported
anecdot al accounts of Col orado pi kem nnow, razorback sucker, and flannel nouth
sucker ascending the Animas River up to Durango during the spring. Jordan
however, did not collect any specinens. The first substantiated record of

Col orado pi kem nnow fromthe San Juan River drainage is three juveniles taken
near Al cove Canyon, Utah, |ocated approximately 7 niles upstream of Neskaha
Wash, on July 4, 1936 (Platania 1990). Historic collections (sumrmarized by
Pl at ani a 1990) i ncl ude:

° Three juveniles (72 to 73 nm SL) taken in the San Juan River at Al cove
Canyon, Uah (RM22) on 4 July 1936.

] One juvenile (278 mm TL) collected prior to 24 Septenber 1941 on the
mai nstem in New Mexi co

° One adult (12 Ibs) that was taken near Four Corners in Colorado (RM 119)
in 1955.

] Two Col orado pi kemi nnow (unknown size) were collected near Rosa, New

Mexi co (approximately 25 mles upstream of Navaj o Dam near RM 250) in
1959. This site was subsequently inundated by Navaj o Reservoir

] Three young fish were collected at Mexican Hat (RM 52) on 21 August
1960.
° At | east 8 Col orado Pi kemi nnow were coll ected during the prei npoundment

survey for Navajo Reservoir in 1962 within the area subsequently fl ooded
by Navaj o Reservoir. Four specinens were collected between 175 and 200
mm TL. Four additional speci nens weighing a total of 12.0 | bs were al so
col l ected and docunented by a photograph in a report by O sen (1962).

Current Status

Col orado River Basin. Native popul ations of the Col orado pi kem nnow are now
restricted to the Upper Basin of the Colorado River. The species occurs in
the Green, Yanpa, Wite, Gunnison, Duchesne, and San Juan river basins. For a
nore conpl ete description of the current distribution of Col orado pi kenm nnow
in the Geen and Col orado sub-basins see Maddux et al. (1993).

The greatest concentration of Col orado pikem nnowis found in the Green River
Basin. Tyus (1991) suggested that the Green River sub-basin supported about
an order of magnitude nore Col orado pi kem nnow t han the Col orado Ri ver sub-
basin. No conparisons have been made with the San Juan River sub-basin but
over ten years of catch effort data fromintensive fish community studies
suggest that populations in the San Juan River are |ess abundant than

popul ations in either the Green or Col orado River.
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San Juan River. A small popul ation of Col orado pi kem nnow has persisted in
the San Juan River since the closure of Navajo Damin 1962. Prelimnary

i nformati on avail able fromresearch studies recently conpleted or currently in
progress as part of the SJRIP indicate that the Col orado River pikem nnow is
reproduci ng and recruiting in the river to at least a limted degree. The
range occupi ed by the species in the San Juan River has apparently shrunk
since the closure of Navajo Dam and no verified collections of the species
have occurred upstream of Shiprock in recent years. Recent collections,
however, have not indicated a continuing range contraction. The current range
of the Col orado pi kem nnow in the San Juan River appears to be from Hogback

Di version (RM 158.6), downstreamto Lake Powell. This estimte of current
range i s based on nunerous collections nmade since 1987, recent radio telenetry
studi es, credible sightings by qualified biologists and presence of instream
barriers.

Due to the | ow nunmbers of fish collected it has not been possible to quantify
popul ation size or trends for Col orado pi kem nnow in the San Juan River.
However, the nunber of adult fish in the systemis believed to be snall
probably less than 50 wild, adult fish. The |argest concentration of wild
adults is found in a 23 nile segnent of river between Cudei Diversion (RM 142)
and Four Corners (RM 119; Ryden 2000). The greatest concentrations of YOY and
juvenil e Col orado pi kem nnow are present in the river downstream of Mexican
Hat (RM 52) and in the San Juan River Arm of Lake Powel|l (Platania 1990,
Lashnmett 1994). Young fish have been collected relatively consistently but in
| ow nunmbers since nonitoring was initiated in 1991

Bet ween 1996 and 2000, the Uah Division of WIldlife Resources (UDWR) stocked
approxi mately 827,449 |arval and age-0 Col orado pi kem nnow into the San Juan
Ri ver at various stocking |ocations downstream of Hogback Diversion as part of
a study to nmonitor retention, habitat selection and use, and survival. In
addi tion, the USFW5 stocked hatchery-reared adult Col orado pi kem nnow at RM
178.8 on 23 Septenber 1997 (n = 49 16-year old fish) and 11 April 2001 (n =
148 10-year old fish) to study retention and habitat use.

St ocked, early-life-stage Col orado pi kem nnow denonstrated fairly rapid

downst ream di spl acement and | ow survival rates. However, those young fish
that did survive grew quickly and reached total |engths in excess of 300 mm by
age-3. Young Col orado pi kem nnow al so denonstrated a propensity for using
shallow (i.e., less than 1 foot deep) shoreline habitats along the river’s
mai n and secondary channels in lieu of backwaters. The best observed surviva
and growth anong stocked early-1ife-stage Col orado pi kem nnow was fromthe
1996 stocking when fish were stocked in Novenber at a nean of 55 nm TL, the

| argest nmean length of all of the UDWR stockings.

O der, hatchery-reared Col orado pi kenmi nnow adults stocked into the San Juan
Ri ver al so denpnstrated rapi d downstream novenents and, based on the dearth of
subsequent recaptures, |ow survival, post-stocking.

B.2. Genetic Characterization. Sinmilar to razorback suckers, Col orado

pi kem nnow were once abundant and wi dely distributed throughout the Col orado
Ri ver Basin. Natural populations of the fish have been extirpated fromthe

| ower basin but still occur in sizeable contiguous areas of the upper basin

Col orado pi kem nnow are known to undergo | ong di stance novenents and
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mgrations of adult fish to spawning | ocations of over 100 km have been
docunented. |In addition, though fish often appear to exhibit fidelity to a
spawni ng site, and river reach, novenent has been docunented between the

Col orado, Gunnison, and Green river systens (F. Pfeifer, pers comm),

i ndi cating potential for gene flow throughout the upper basin. The smal

popul ation of adult fish in the San Juan River is likely the nost isolated
popul ation in the upper basin. Though not physically isolated, Lake Powell is
likely a barrier to nost fish novenent between the San Juan River and the rest
of the upper basin. No novenent of Col orado pi keni nnow has been docunent ed
bet ween the San Juan River and ot her areas of the upper basin

Basel i ne all ozyne studi es have been conducted on the Col orado pi kem nnow to
guantify the ampbunt of genetic variation within and anong vari ous desi gnated
stocks. Results indicated that based on allozyme data there appears to be no
significant differentiation anong the various stocks (WIlianmson et al. 1997).
Lack of allozyne differentiation anong stocks would be consistent with a
highly m gratory species and consi derabl e gene fl ow anmong vari ous popul ati ons.

B. 3. Recommendati ons For Col orado Pi kem nnow Managenent. Although the

Col orado pi kemi nnow i s considered relatively stable in sonme parts of the upper
basi n, San Juan River stocks appear to be conposed of a linited nunber of fish
and may be declining. Based on the lack of allozyne differentiation observed
anong various stocks (WIlianson et al. 1997), age-0 Col orado pi kem nnow
(progeny of adults fromthe Col orado and Green rivers) were experinmentally
stocked into the San Juan River between 1996 and 2000. |In addition, an
augnent ati on plan has been devel oped for the San Juan River and is currently
bei ng i npl enented using age-0 fish of this same |ineage. Because of these two
stocking efforts, it is now inpossible to discern whether or not age-0

Col orado pi kenmi nnow col l ected fromthe San Juan River are progeny of wild or
stocked fish. This precludes the practicality of using young Col orado

pi kem nnow col l ected fromthe San Juan River to establish a unique San Juan
broodstock or to having themcontribute genetic material that is unique to the
San Juan River (if indeed such exists) to an already established broodstock

In addition, there is a significant possibility that sufficient nunmbers of
wi I d adult Col orado pi keni nnow cannot be collected fromthe San Juan River to

produce a viable broodstock. |In any event the effective popul ation size of a
San Juan broodstock so established would |ikely be too small to prevent
i nbreeding. It was the majority opinion of nmenbers of the SIJRI P Bi ol ogy

Conmittee that renoving wild adult Col orado pi kem nnow for broodstock
production could significantly inmpact the wild population in the San Juan
Ri ver, potentially even resulting in the extirpation of this population
Therefore, it was decided that the fewwild adult fish remaining in the San
Juan River should be left in the river so they mght contribute to natura
spawni ng events.

For these reasons, fish used for establishing a broodstock for Col orado

pi kem nnow augment ation efforts in the San Juan Ri ver should followthe

Near est Nei ghbor approach. Once appropriate adult broodstock are obtained or
identified (if already in captivity), they should be mated using a 5X5 di -
allele breeding matrix or equivalent factorial mating scheme to produce a

m ni mum br oodstock. WIld fish should then be returned to their respective
river(s) once the di-allele crosses are conpl et ed.
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Box 11.

Ceneti cs managenent reconmendations for Col orado pi kem nnow in

the San Juan River.

I denti fy/obtain appropriate stocks of Col orado pi kem nnow for use in
augnment ation efforts.

a.

b

Do not renmove wild adult Col orado pi kem nnow fromthe San Juan
Ri ver.

Identify appropriate Nearest Nei ghbor stocks. |If there are
none currently in captivity, inplenent a broodstock devel oprment
program

I mpl ement a protocol for collection of wild fish for broodstock
production, if necessary.

Once broodstock are obtained, inplenent 5X5 di-allele or other
appropriate breeding matrix (see box 8) to devel op broodstock

Devel op and i npl ement an augnentation stocking plan for the San Juan

Ri ver.
a.
b

C.

Eval uat e need.

Establ i sh a genetic baseline for wild stock and stocks used for
i ntroducti on.

Eval uate factors affecting recruitnent, growh and survival of
stocked fish including;, stock used, size/condition of fish at
stocking and time of stocking.

Moni tor genetic status and trends of introduced fish and overall fish
comunity.

a.

Conduct periodic nonitoring anmong progeny of stocked fish, as
they reach adul thood, to ensure that inbreeding depression is
not occurring.
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GLOSSARY

Adaptive Managenent - Maki ng deci sions based on avail able i nfornmati on and
allowing flexibility for refinements (i.e., adaptation) to such decisions
as new i nformation becones avail abl e.

Allele - One of two or nore alternate fornms of the sanme gene; alleles for the
same gene occur at the same |ocus; each individual diploid organismhas a
maxi mum of two alleles for a specific gene.

Al l ozyne - An enzyme produced by an allele at a structural gene |ocus;
different allozynmes are produced by different alleles at the same |ocus.

Artificial selection - The process of choosing parents on the basis of a trait
in order to obtain a phenotypic and genetic change in the next generation

DNA - Abbreviation for deoxyribonucleic acid.

Dom nance - The property of an allele that suppresses expression of other
alleles at the sane locus; a dominant allele is the only allele expressed
phenotypically in a heterozygote.

Ef fective popul ation size - The size of an ideal population that woul d
experience genetic drift and inbreeding at the sane rate as the rea
popul ati on under consideration

El ectrophoresis - A laboratory procedure for the separation of proteins
(enzynes) that can be used as genetic markers.

Enzyme - A protein produced in living cells that speeds up a specific chenm ca
reaction.

Ful |l -sibs - Individuals having both parents in conmon.

Cene - A segnent of DNA that occupies a specific position (locus) on a
chronosome, is heritable, and has one or nore specific effects upon the
phenotype of an organi sm

Cenetic diversity - The genetic variation in within and anong individual s,
popul ati ons, or species.

CGenetic drift - randomor chance changes in the allelic frequencies due to
natural or hunman sanpling errors that occur each generation; the rate of
genetic drift may increase as the effective popul ation size decreases.

Genotype - The set of alleles at one or nore loci in a organism the entire
set of genes carried by an individual

Hal f-si bs - Individuals having one parent in common.

Haploid - a cell (i.e., ganete) or organismw th a single set of honpol ogous
chr onosones.
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Har dy- Wei nburg equilibrium- the relationship between allelic and genotypic
frequencies in a stable population after a single generation of random
mat i ng.

Het erozygote - A cell or organismwith two different alleles at a particular
| ocus.

Honmobzygote - A cell or organismw th two identical alleles at a particular
| ocus.

Hybridi zation - Interbreeding of different species and the union of ganete
that results in a new organi sm

I nbreeding - Mating of closely related individuals (e.g., brothers and
sisters).

| nbreedi ng Depression - The loss in fitness of offspring due to the unmasking
of deleterious recessive alleles that results fromnmating closely rel ated
i ndi vi dual s.

| sozymes - Multiple nolecular forms of enzymes that pronote the sane chenica
reaction but nay be the products of alleles at different |oci

Locus - the position of a particular gene on a chronosone.

M tochondrial DNA (ntDNA) - Deoxyribonucleic acid (DNA) found in the
mtochondria of a cell; mDNAis inherited fromthe naternal parent.

Nat ural selection - The selection of successful genotypes in natural
environnents on the basis of phenotypic traits related to fitness.

Nat ural i zed stocks or popul ations - Fish that have becone established in river
reaches after augmentation or restoration stocking and are conpl eting
their entire life cycle in natural environnents.

Qut breedi ng Depression - The loss in fitness of offspring due to the breakdown
of coadapted gene conpl exes from mating individuals that are too distantly
rel at ed.

Phenot ype - The physical characteristics of an individual organismthat can be
detected visual ly; phenotypes are influenced by the genotype and
envi ronnent .

Pol ynmorphic - A gene or qualitative trait that exists in two or nore forns in
a popul ati on.

Popul ation - A group of organisns that freely interbreed.

Presunptive Stock - A group of individuals that are presuned to be a breeding
aggregation that has spatial, temporal, or behavior integrity.

Recessive - Atrait or allele that is expressed only in honpzygotes.
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Stock - A randonmly breeding group of individuals that has spatial, tenporal,
or behavioral integrity fromother randomy breeding groups of that same
speci es.

Suppl erent ati on - Stocking of captive-reared fish with the goal of augnenting
or restoring self-sustaining popul ations; the genetic diversity of
br oodst ocks i s mai ntai ned through proper breeding strategies.

W1d stocks or popul ations - Endangered fish that are naturally reproducing

and have the potential for natural recruitnment if limting factors are
el i m nat ed.
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