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EXECUTI VE SUMVARY

Intensive fisheries collections conpleted between 1987 and 1993 failed to
collect any wild razorback sucker, of any life stage, fromthe riverine
portion of the San Juan River. Due to this lack of collections, 939 hatchery-
reared razorback sucker were stocked into the San Juan River at four separate
stocking sites (RM 158.6, 136.6, 117.5, and 79.6) between 29 March 1994 and 3
Cct ober 1996. The purpose of these stockings were to facilitate the
collection of basic life history information on this species in the San Juan
River, and to evaluate the efficacy of stocking razorback sucker into the San
Juan River as a nmeans of reintroducing this species to its historically-
occupi ed habitats in this river system

O the 939 stocked razorback sucker, 57 were surgically-inplanted with
radio transmitters. Radio telenmetry contacts nade with these fish
denonstrated that stocked razorback sucker show seasonal differences in
habi tat selection. During winter nonths (i.e., Decenber through February)
radi ot el enet ered razorback sucker selected habitat-rich areas of the river,
usi ng edge pool habitats during very cold periods and venturing into nain
channel runs for very short (i.e., several mnute) periods during the warnest
parts of the day (water tenmperatures > 3.0°C). During pre-runoff periods
(March and April), stocked razorback sucker sel ected nunmerous |ow and faster
velocity habitats, again in habitat-rich areas of the river. March and Apri
were two of only three months (June being the other) during which
radi ot el emetered razorback sucker selected habitats that were warmer than the
adj acent mai n channel. On both the ascending and descending |inbs of the
hydrograph (May and July) radiotel emetered razorback sucker selected only two
habitat types eddi es and main channel runs. During runoff periods (June)
razor back sucker sel ected nunerous slow and fast water habitats (rmuch like in
March and April), with the nost selected for habitat being inundated
vegetation. June was the only nonth inundated vegetati on was an avail abl e
habitat type. Habitat richness of areas of the river being utilized by
razor back sucker in June and July was | ess than that seen between Decenber and
May. This trend towards using nore sinplified areas of the river continued
into the summer and fall base-fl ow nonths (August through Cctober). During
t hese base-fl ow nonths radiotel emetered razorback sucker selected only fast
water run habitats and stayed active around the clock, probably feeding. Then
as water tenperatures started to drop again in Novenber, razorback sucker
sel ected habitat-rich areas of the river again, but did not abandon their
active use of main channel runs until col der Decenber tenperatures set in.

There is sone evidence that may point to three sites in the San Juan
Ri ver being preferred by stocked razorback sucker. The first possible
preferred site is a | arge backwater on river left at RM38.6. In two
different years, three individual razorback sucker (two mal es and one of
i ndeterm nate sex) were collected in the backwater itself, as well as just up-
and downstream of the backwater’s nouth. The second possible preferred site
is on river right just downstream of the McEl nmo Creek confluence (RM 100. 2)
where three ripe male razorback sucker were collected and three other
razor back sucker were observed but not collected on 3 May 1997. A fourth ripe



mal e razorback sucker was collected at RM 100.5 on the sane side of the river.
The third potential preferred site is the debouchnent of a side channel (nmouth
of a backwater at low flows) at RM77.3. Over the space of two years, two
adult nal e and one i mmature razorback sucker have been coll ected near or at

t he debouchnent of this secondary and anot her observed, but not coll ected.
These three areas of the San Juan River are the only three areas where nore

t han one razorback sucker has been col | ected.

Movenent patterns of stocked razorback sucker indicate that these fish
experi ence | arge downstream di spl acements within the first few weeks after
stocking. After this initial downstream displacenent, stocked razorback
sucker hold their relative position in the river, even during high flow
events, and many make upstream nmovenents (sonme quite long) after severa
months in the river.

As of October 1997, at least 54 (5.8% of the 939 stocked razorback
sucker had been recaptured and verified to be alive. This nunber may be as
hi gh as 59 (6.3% of stocked fish) if five razorback sucker for which no PIT
tag nunber was obtained are different individuals fromthe other 54
recaptures. Razorback sucker stocked at |arger sizes (> 350 mm TL) accounted
for 49 (90.7% of the 54 known-origin recaptures, even though fish of this
size class conposed only 31. 7% of the original 939 stocked fish. Even |arger
razor back sucker (> 400 mm TL at tine of stocking) were even nore successful
accounting for 32 (59.2) of the 54 known-origin recaptures while conposing
only 13. 7% of the original 939 stocked fish. Evidence of predation on native
fl annel nout h suckers by channel catfish, striped bass, and walleye in the San
Juan River coupled with a channel catfish bite nmark observed across the dorsa
keel of a recaptured razorback sucker (408 nm TL) woul d seemto indicate that
st ocki ng razorback sucker at 400 mm TL or greater will increase their chances
for survival.

Gowmh information obtained fromrecaptures indicates that for up to 400
days after stocking, razorback sucker |ost weight and increased in total
length little, if at all. It was not until approxinately 800 days post-
stocking that recaptured razorback sucker showed large gains in weight. Wile
they accounted for very few recaptures, smaller size class razorback sucker (<
350 mm TL at tinme of stocking) grew over three tines faster (0.10 nm per day)
than did larger size class (> 350 nmTL at tinme of stocking) razorback sucker
(0.03 mm per day). Virtually no difference in growh rates between nmale and
femal e fish could be determ ned from our recaptures.

Hat chery-reared razorback sucker aggregated and appeared to be spawning
just downstream of ME nb Creek (at RM 100.2), near Aneth, Uah in May 1997.
In addition, two larval razorback sucker (12.7 and 12.1 mm TL) were coll ected
on 21 and 22 May 1998 downstream of this suspected spawning site (at RM 88.8
and 80.2, respectively), proving that stocked razorback sucker did spawn
successfully in the spring of 1998.

No wild razorback sucker were collected in the San Juan River during this
study. It did not appear that stocked razorback sucker were in any way useful
in | eading researchers to any old, wild remant popul ati ons of razorback
sucker left in the San Juan River.
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I NTRODUCT! ON

Razor back sucker (Xyrauchen texanus), is one of three San Juan River
native fish species (the Col orado pi kem nnow, Ptychocheilus lucius, and the
roundtail chub, Gla robusta being the other two) that have become greatly
reduced in nunbers and range since the turn of the century (Burdick 1992).
Physi cal alterations of riverine habitats, water inpoundnment in the form of
Navaj o Reservoir and Lake Powel |, and associated effects on flow and thermal
regi mes, introduction of non-native species, and contani nants have probably
all contributed to the decline of these native species (Platania 1990, Brooks
et al. 1993, Ryden and Pfeifer 1994a). Extrenely small nunbers of wld
razor back sucker and the apparent long-termlack of recruitnment led to this
fish being listed as endangered under the Endangered Species Act on 22
Novenmber 1991 (U.S. Fish and Wldlife Service {USFW5} 1991). The razorback
sucker is also currently protected by state laws in Arizona (AZ), California,
Col orado (CO), Nevada, Uah (UT), and by the Navaj o Nati on.

Information on the historic distribution and abundance of the razorback
sucker in the San Juan Basin is sparse. Until the late 1980's the nunber of
fishery surveys conducted in the San Juan River was relatively snall conpared
to the rest of the Colorado River basin. This is probably because nuch of the
San Juan River is canyon-bound in it's |lower stretches and a | arge percentage
of the river runs through Indian reservation |and (Maddux et al. 1993).
Anecdot al accounts of "humpies" fromthe Aninmas River near Durango (Jordan
1891), and the San Juan Ri ver near Farnmi ngton (Koster 1960) indicated the
presence of razorback sucker in these areas. However, these accounts were not
verified by scientific collections. Pre-inmpoundnment rotenone applications in
the Navajo Damarea in 1962 killed fish downriver to Farm ngton, New Mexico
(NM. However, no razorback sucker were docunented anong the fish killed
(A son 1962). The first scientifically-documented record of razorback sucker
fromthe San Juan River basin was in 1976 when two adults were seined froma
pond near Bluff, UT at approximately river mle (RM 81 (VIN Consol i dat ed,
Inc. and Museum of Northern Arizona 1978, Platania 1990, M nckley et al.
1991). According to local residents, a second pond adjacent to the one where
these two fish were caught was drained just weeks before | eaving approxi mately
100- 250 razorback sucker stranded, resulting in their death. These two ponds
conmuni cated with the river via a canal that allowed fish novenent to and from
the river, but only when the headgates were open (VTN Consolidated, Inc. and
Museum of Northern Arizona 1978, Platania 1990, Mnckley et al. 1991).

Bet ween 1987 and 1989 sixteen adult razorback sucker were collected fromthe
San Juan River arm of Lake Powell, near Piute Farns Marina, RM 0.0 (Pl atania
1990). In 1988 one razorback sucker was captured and rel eased near Bl uff, UT,
close to the 1976 capture site (Platania 1990). This is the only verifiable
capture of a razorback sucker fromthe mainstem San Juan River.

No scientifically-documented, wild razorback sucker have been collected
fromthe San Juan River in either COor NM Neither have spawni ng or
recruitnent of this species been docunented in the San Juan River, prior to
1998. However, the recent presence of a few large adult fish near Bluff, UT
suggests that there may have been a remant popul ation of old razorback sucker
remaining in the San Juan River as late as 1988. Extensive el ectrofishing
surveys from 1991 to 1997 failed to collect any wild razorback sucker fromthe
mai nstem San Juan River (Ryden and Pfeifer 1993, 1994b, 1995a, 1996a, Ryden
2000) .

One of the two goals of the San Juan River Recovery |nplenentation
Program (SJRIP) is to protect and recover endangered fishes in the San Juan




Ri ver Basin, including Colorado pikem nnow and razorback sucker, with the
ultimate goal of promoting self-sustaining popul ations of razorback sucker and
Col orado pi kem nnow (SIJRIP 1995a). This includes reestablishing, if

necessary, popul ations of endangered razorback sucker in appropriate historic
habi tat (Ryden 1997). Due to the paucity of historic and recent collections
of this species, including the failure to collect any wild razorback sucker
during three years (1991-1993) of intensive studies on all life stages of the
fish community (Buntjer et al. 1993, 1994, Lashmett 1993, 1994, Ryden and

Pfei fer 1993, 1994b, G do and Propst 1994) the San Juan Ri ver Bi ol ogy
Committee identified the necessity to begin an experinental stocking program
for razorback sucker in the San Juan River (Ryden and Pfeifer 1994a).
Experimental stocking was inplenented to provide needed insight about recovery
potential and habitat suitability for the razorback sucker in the San Juan

Ri ver between Lake Powel| and Farmi ngton, NM (designated as Critical Habitat
for razorback sucker; Maddux et al. 1993, USFWSs 1994).

oj ecti ves

The objectives of the experinmental stocking study for razorback sucker in
the San Juan River were as follows:

1) Deternine habitat use, needs, and selection, site preference, and
novenent patterns of hatchery-reared razorback sucker in the wild.

2) Determine survival rates and growh rates of hatchery-reared, known-
age razorback sucker in the wld.

3) Determ ne whether hatchery-reared razorback sucker will exhibit
spawni ng behavior in the wld.

4) Determine if hatchery-reared razorback sucker can | ead researchers to
their wild counterparts.

This report represents a summary of data collected on razorback sucker
that were stocked as part of the experinental stocking study (i.e., 1994-1996)
and exanines this data under itens one through four above. Although the
experinmental stocking study, in essence, ended in Decenber 1996, this report
sunmari zes data coll ected on razorback sucker stocked as part of this study
t hrough Cctober 1997 (the end of the seven-year research period). Based on
the results obtained fromthis experinental stocking study through 1996, a
nore formal, five-year augnmentation plan for razorback sucker was devel oped
and inmplemented in 1997 (Ryden 1997). Razorback sucker stocked as part of
that five-year augnentation effort are not included in this report.



SAN JUAN RI VER STUDY AREA DESCRI PTI ON

The San Juan River is a major tributary of the Col orado River and drains
99, 200 knt in Colorado, Uah, Arizona, and New Mexico (Figure 1). Fromits
origins in the San Juan Mountains of southwestern Col orado at el evations
exceeding 4,250 m the river flows westward for about 570 kmto the Col orado
River. The major perennial tributaries to the San Juan River are the Navajo,
Pi edra, Los Pinos, Animas, La Plata, and Mancos rivers, and McEImo Creek. In
addition there are nunmerous epheneral arroyos and washes contributing little
total flow but |arge sedinent | oads.

Navaj o Reservoir, conpleted in 1963, inmpounds the San Juan River,

i solating the upper 124 km of river and partially regul ati ng downstream fl ows.
The conpletion of den Canyon Dam and subsequent filling of Lake Powell in the
early 1980's inundated the |ower 87 km of the river, |eaving about 359 km of
river between the two reservoirs.

From Navajo Damto Lake Powel |, the nean gradient of the San Juan River
is 1.67 mkm Locally, the gradient can be as high as 3.5 nikm but taken in
30 kmincrenents, the range is from1.24 to 2.41 mkm Between the confl uence
of the San Juan River with Lake Powell and the confluence with Chinle Creek
about 20 km downstream of Bluff, UT, the river is canyon-bound and restricted
to a single channel. Upstreamof Chinle Creek the river is nulti-channeled to
varying degrees with the highest density of secondary channels occurring
bet ween t he Hogback Diversion about 13 km east of Shiprock and Bluff, Utah.
The reach of river between Navajo Dam and Farmington, NM is relatively stable
with predom nantly enbedded cobbl e substrate and few secondary channel s.

Bel ow the confluence with the Aninmas River, the channel is |ess stable and
nore subject to floods fromthe unregul ated Aninas River. Between Farnington
and Shi prock cobble substrate still domi nates, although it is |ess enbedded.
Bet ween Shi prock and Bl uff the cobble substrate becomes mixed with sand to an
i ncreasing degree with di stance downstream resulting in decreasing channel
stability.

Except in canyon-bound reaches, nonnative woody plants--salt cedar
(Tamari x chinensis) and Russian olive (El aeagnus angustifolia) dom nate the
river’'s borders, with native cottonwoods (Populus frenontii and P.
angustifolia) and willows (Salix anygdal oi des and S. exiqua) accounting for
| ess than 15% of the riparian vegetation. Wth the advent of higher flows in
the 1990's there appears to be generation of new stands of cottonwood and
wi |l ow taking place, although it is still too early to tell if this wll
represent a significant, |et alone pernmanent, inprovenent.

Di scharge of the San Juan River is typical of rivers in the American
Sout hwest. The characteristic annual pattern is one of large flows during
spring snowrelt, followed by | ow sumer, autumm, and wi nter base flows. Base
flows are frequently punctuated by convective storminduced flow spi kes during
sunmer and early autumm. Prior to closure of Navaj o Dam about 73% of the
total annual discharge (based on USGS Bl uff, UT gage) of the drai nage occurred
during spring runoff (1 March through 31 July). The nedian daily peak
di scharge during spring runoff was 10,400 cubic feet per second ({CFS} range =
3,810 to 33,800 CFS). Although flows resulting from sumrer and autum storns
contributed a conparatively small volume to total annual discharge in the
basi n, the nagnitude of storminduced fl ows exceeded the peak snownelt
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di scharge about 30% of the years, occasionally exceeding 40,000 CFS (rnean
daily discharge). Both magnitude and frequency of these storminduced flow
spi kes are greater than those seen in the Geen or Col orado rivers.

Cl osure of Navajo Damaltered the annual discharge pattern of the San
Juan River. The natural flows of the Animas River aneliorated sone aspects of
regul ated di scharge by augnmenting spring discharge. However, regulation
resulted in reduced nagnitude and i ncreased duration spring runoff in wet
years and seriously reduced nagnitude and duration spring flows during dry
years. Overall, flow regulation via operation of Navajo Dam has resulted in
post - dam peak spring di scharge averagi ng about 54% of pre-dam values. After
dam cl osure, base flows were increased substantially over pre-dam base fl ows.

Since 1992, Navaj o Dam has been operated to nmimc a “natural” hydrograph
with the volune of release during spring |inked to the anpbunt of precipitation
during the preceding winter. Thus in years with high spring snownelt,
reservoir releases were “large” and “small” in low runoff years. Base flows
since 1992 were typically greater than during pre-damyears but |ess than
post - dam years

The primary study area for nost studies conducted under the auspices of
the San Juan River Seven Year Research Program including the razorback sucker
nonitoring study, was the mai nstem San Juan River and its inmediate vicinity
bet ween Navaj o Dam and Lake Powel|. Between Navaj o Dam and Shiprock there is
consi derabl e human activity within the floodplain of the San Juan River.
Irrigated agriculture is practiced throughout this portion of the valley and
much of the inmredi ate uplands. Mich of the river valley that is not devoted
to agriculture (crop production and grazing) consists of small conmunities
(e.g., Blanco and Kirtland) and several |arger towns (e.g., Bloonfield and
Farm ngton). The valley of the Animas River, the San Juan's largest tributary
in the study area, is sinmlarly devel oped. Downstream of Shiprock to Bl uff
snmal |l portions of the river valley (and uplands) are farnmed, however,
di spersed livestock grazing is the primary land use. 1In the vicinity of
Mont ezunma Creek and Aneth, petroleumextraction occurs within the fl oodplain
and the adjacent uplands. Between Bluff and the confluence with Lake Powel |,
there are few human-caused nodifications of the system

Razor back Sucker Monitoring Study Area

To enhance conpari sons anpbng studies and to provide a comon reference
for all research, a multivariate analysis of a variety of geonorphic features
of the San Juan River drainage was perfornmed to segregate the river into
di stinct geonorphic reaches. This effort (Bliesner and Lamarra 2000)
identified eight geonorphic reaches between Navajo Dam and Lake Powel | .
However, as is typical of tailwaters below |large dans in the Upper Col orado
Ri ver Basin (UCRB), the river imrediately downstream of Navajo Dam (i.e.
Reaches 7 and 8) is too clear and cold to support popul ati ons of endangered
fish (Hol den and Wck 1982, Marsh 1985, Bestgen and Wl lianms 1994). These
cold waters extend sonme 44 miles downstreamto Farnmington, NM The study area
for monitoring experinentally-stocked razorback sucker starts at Hogback
Di version (RM 158.6) in Reach 6 and ends at Clay Hlls Landing (RM2.9) in
Reach 1, just upstream of Lake Powell. The boundaries were chosen because
Hogback Diversion is the upstreamlimt of designated Critical Habitat for the



razor back sucker in the San Juan River (Maddux et al. 1993, USFW5 1994), while
Clay Hills is the |ast boat take-out in the San Juan River upstream of the
waterfall that is present at certain |lake levels at RM0.0. Critical Habitat
for razorback sucker actually extends into Lake Powell to Neskahai Canyon, but
sanpling the | ake by electrofishing is inpractical. Reaches 1-6 enconpass the
entirety of the experinental stocking study area. Wthin the study area are
four experinental stocking sites. The four stocking sites are at RM 79. 6,
117.5, 136.6, and 158.6. Following is a brief description of each geonorphic
reach within the razorback sucker nmonitoring study area. For a nore detailed
description of the geonorphol ogy and hydrol ogy of the San Juan R ver see

Bl i esner and Lanarra (1993-1996).

Reach 6 (RM 180.0 to 155.0, Animas River confluence to bel ow Hogback
Diversion, NM is predom nately a single channel, with 50% f ewer secondary
channel s than Reaches 3, 4, or 5. Cobble and gravel substrates dom nate, and
cobbl e bars with clean interstitial space are nore abundant in this reach than
in any other. Backwater habitat abundance is lowin this reach, with only
Reach 2 having | ess. The channel has been altered by dike construction in
several areas to control |ateral channel novenent and over-bank fl ow.

Several instreamdiversion structures, |ocated between Navaj o Dam and the
Col orado state line, may be inpedinments to fish passage (Figure 1). O these
di version structures, the majority (four major and three nminor) are located in
Reach 6, but are upstreamof this study area. The four nmajor diversion
structures are Fruitland Diversion at RM 178.5, San Juan Generating Station
Di version at RM 166.6, Four Corners Generating Station Diversion at RM 163. 3,
and Hogback Diversion at RM 158.6. Three ninor diversion structures are
| ocated at RM 179.3, 178.7, and 166.4

The Hogback Diversion stocking site is |located at RM 158.6. This site
was added to the three original three stocking sites (see below) in Novenber
1994. Before Novenber 1994, all razorback sucker stocked into the San Juan
Ri ver were stocked at the three stocking sites farther downstream However,
based on results obtained fromearlier stockings (i.e., between 29 March 1994
and 27 Cctober 1994), all razorback sucker stocked in 1995 and 1996 were
stocked at the Hogback Diversion site.

Reach 5 (RM 155.0 to 131.0, just bel ow Hogback Diversion to the “M xer”
New Mexi co) is predominantly multi-channeled with the |argest total wetted
area (TWA) and | argest secondary channel area of any of the reaches.

Secondary channels tend to be | onger and nore stable than in Reach 3 but fewer
in nunber overall. Riparian vegetation is nore dense in this reach than in

| ower reaches but | ess dense than in upper reaches. Cobble and gravel are
nore common in channel banks than sand, and cl ean cobble areas are nore
abundant than in |ower reaches. This is the |owernost reach containing an

i nstream di version structure (Cudei Diversion), at RM 142.0. Backwaters and
spawni ng bars in this reach are much | ess subject to perturbation during
sunmer and fall stormevents than the | ower reaches.

In this section of the river (i.e., the border of Reaches 4 and 5) is an
area of the river known as the "M xer." The M xer extends fromRM 133.4 to RM
129.8. The river channel in these 3.6 miles has been relatively stable over
the historic record with little variation in the degree of channel braiding
However, certain areas are locally dynamic. The habitat is conplex with
nurer ous channel s al ways present. The locally dynanmi c areas contribute to
this conplexity.



The M xer stocking site is located at RM 136.6. This site was chosen
because it has a relatively | arge anount of clean cobble and gravel substrates
that shoul d support |arge standing crops of algae and invertebrates which
conpose the diet of juvenile and adult razorback sucker. 1In addition, this
area of the river is an inportant reach of river for Col orado pi kem nnow and
was chosen because it provided the best chance of observing possible
i nteracti ons between these two rare fish species.

Reach 4 (RM 131.0 to 106.0, below the M xer to Aneth {New Mexico
Col orado, and Utah}) is a transitional reach between the upper cobble-
dom nated reaches and the | ower sand-dom nated reaches. Sinuosity is noderate

conpared with other reaches, as is gradient. |Island area is higher than in
Reach 3 but lower than in Reach 5, and the valley is narrower than in either
adj acent reach. Backwater habitat abundance is low overall in this reach

(third | owest anobng reaches) and there is little clean cobble. The Four
Corners, or Upper UT, site is located at RM117.6. This site was chosen due
to its high degree of channel braiding. It is also an intermediate |ocation
between the Bluff and M xer sites.

Reach 3 (RM 106.0 to 68.0, Aneth to Chinle Creek confluence {UT}) is
characterized by higher sinuosity and | ower gradient (second |owest) than the
ot her reaches, a broad floodplain, multiple channels, high island count, and
hi gh percentage of sand substrate. This reach has the second hi ghest density
of backwater habitats after spring peak flows, but is extrenely vulnerable to
change during sumer and autumm storm events, after which this reach may have
the second | owest density of backwaters. Follow ng spring runoff, debris
pil es are deposited throughout the active channel in this reach, leading to
t he ni ckname “The Debris Fields”. The Bluff, UT stocking site is |ocated at
RM 79.6. This site was chosen because it represents the site of the only
docunent ed razorback sucker capture in the mai nstem San Juan River (Pl atania
1990, Platania et al. 1991).

Reach 2 (RM68.0 to 17.0, Chinle Creek confluence to near Slickhorn
Canyon {UT}) is also canyon bound but is |ocated above the influence of Lake
Powel . The gradient in this reach is higher than in either adjacent reach
and the fourth highest in the system The channel is prinmarily bedrock
confined and is influenced by debris fans at epheneral tributary nouths.
Riffle-type habitat domi nates, and the najor rapids in the San Juan R ver
occur in this reach. Backwater abundance is lowin this reach, occurring
nostly in association with the debris fans.

Reach 1 (RM 17.0 to 0.0, near Slickhorn Canyon to Piute Farns Marina in
Lake Powel | {UT}) has been heavily influenced by the fluctuating reservoir
| evel s of Lake Powell and its backwater effect. Fine sedinent (sand and silt)
has been deposited to a depth of about 12 min the | owest end of the reach
since the reservoir first filled in 1980. This deposition of suspended
sedinent into the delta-like environnent of the river/reservoir transition has
created the | owest-gradient reach in the river. This reach is canyon bound
with an active sand substrate. Although there is an abundance of |ow velocity
habitat at certain flows, it is highly epheneral, being influenced by both
river flow and the el evation of Lake Powell.

As Lake Powell filled to capacity, approximtely 14 RM of the | ower San
Juan River was inundated. During this time, fish could travel freely between
Lake Powell and riverine habitats (Platania et al. 1991, Ryden and Ahl m 1996).
In the late 1980's the water level in Lake Powel|l receded, |eaving the | ower
14 miles of river to wander through i mense sedi ment deposits just upstream of



the | ake. The accunul ated sedi nents greatly decreased the gradient of this
reach of the San Juan River. The sedinent accunul ati on al so caused the river
channel to shift fromits historic bed and fl ow over a sandstone outcrop as it
entered Lake Powel |, creating a waterfall (> 10 meters [m high at sone | ake

| evel s) that was inpassable by fish. This feature was present for about six
years. In spring 1995, |ake |evels rose high enough to inundate the

waterfall, once again allow ng uni npeded novenent of fish species between Lake
Powel | and the San Juan River.



CHAPTER 1: HABI TAT USE, NEEDS, AND SELECTI ON,
SI TE PREFERENCE, AND MOVEMENT PATTERNS

< hjective 1: Determ ne habitat use, needs, and selection, site
pref erence and novenent patterns of hatchery-reared razorback sucker in
the wld.
METHODS

St ocki ngs of Razorback Sucker

Al'l razorback sucker stocked in the San Juan River between 29 March 1994
and 3 Cctober 1996 as part of this experinmental stocking study were F, progeny
of adult razorback sucker that had been collected in the San Juan River arm of
Lake Powel | and taken into captivity as broodstock. These adult razorback
sucker were spawned in paired matings at U.S. Fish and Wldlife Service's
(Service) Quray National Fish Hatchery (NFH) in Quray, UT in 1992. The F,
razorback sucker stocked in the San Juan R ver were "excess fish" obtained
fromthe Recovery |Inplenmentation Programfor the Endangered Fi sh Species of
t he Upper Col orado River Basin (UCRB-RIP). These excess fish were produced
above and beyond refugia and stocking needs of the UCRB-RIP or were culled
fromlots of refugia fish as fish in these lots grew and nunbers in each |ot
were reduced. These fish were scheduled for disposal if a suitable purpose
coul d not be found for them

Al'l razorback sucker that were to be stocked (whether inplanted with a
radio transmitter or not) were inplanted with Bi oSoni cs brand Passive
Integrated Transponder (PIT) tags. These passive tags require a PIT tag
reader. This reader enmits a signal froma hand-held wand which strikes the
tag and reflects back a unique ten digit al pha-nuneric code. Since these tags
are passive, they never expire and can be read for the life of the fish. Al
st ocked razorback sucker were individually nmeasured to the nearest mllineter
(mm for total length (TL), weighed to the nearest 5 granms (g), and had sex
noted (if apparent) before stocking. 1In 1994, all radio-tagged fish also had
scal es sanpl es taken and had five-mm nuscle plugs taken for baseline
cont am nants anal ysi s.

Razorback sucker that were inplanted with radio transnmitters (tags) were
first anesthetized using 200 milligrans/Liter (4 g/gallon) of tricaine
nmet hanesul fonate (Ms-222; followi ng Tyus and McAda 1984), then inplanted with
an AVM brand radio tag with varying lifespans (see each group of stocked fish
for specifics). After being sutured up, razorback sucker inplanted with radio
tags were given an injection of the antibiotic Gentocin (0.5 milliliters/2
kil ograns of body weight {W}; M Baker, pers. comm). Fish were then
returned to the ponds to recover.

Razorback sucker were transported from hatchery facilities (Wahweap or
Quray) to stocking sites using stocking trucks equi pped with 250-gall on
aerated stock tanks. Upon arrival at stocking sites, razorback sucker were
placed in habitats with the | owest possible water velocities, usually shallow
si de channel s or backwaters.



1994

Two stockings of razorback sucker took place in 1994 (Table 1), one in
the spring (March) and one in the fall (COctober and Novenber). Razorback
sucker experinentally stocked in 1994 were reared at the Utah D vision of
Wldlife Resources' (UDWR) Wahweap Warnmwat er Fish Hatchery (Wahweap), near
Page, AZ. These razorback sucker were excess fish fromlots of razorback
sucker held at Quray NFH. None of these razorback sucker were PIT-tagged
prior to leaving Quray NFH. On 12 June 1992, approximately 17,200 |arva
razor back sucker were transferred fromQuray NFH to Col orado State University
(CSU) to be used in experiments. On 22 Decenber 1992, the 3,779 surviving
razor back sucker were transferred from CSU to Wahweap by Service and UDWR
personnel. These fish unfortunately did not fare well during transport and by
13 July 1993, only 15 of the fish fromthe CSU experinental group were |eft.
At this point the CSU fish were placed in a pond with 690 razorback sucker
(all fromone famly lot, i.e., lot 2A) that had been transferred from Quray
NFH t o Wahweap on 21 April 1993. Again, none of these razorback sucker had
been PI T-tagged prior to | eaving Quray NFH  Thus, after m xing groups of
fish, the exact l|lineage of any given fish was not able to be determ ned
However, by knowi ng the number of fish fromeach fanmily ot that were
originally transferred from Quray NFH, we were able to ascertain that at |east
97% of all fish being reared at Wahweap in 1994 were froma single famly | ot
(lot 2A).

On 29 and 30 March 1994, 15 of these fish that had been surgically-
implanted with six-nonth |ifespan AVM brand radio tags (Wf = 5 g) were stocked
at three stocking sites (RM79.6, 117.5, and 136.6), five per site (Table 1).
These fish had a nean TL of 277 mm and an nmean WI of 260 g.

The fall 1994 stocking of razorback sucker was actually a group of three
stockings. The first of these fall stockings took place on 27 Cctober 1994
(Table 1). On this date 16 razorback sucker that had been surgically-
implanted with two-year |ifespan AVM brand radio tags (WF = 12 g) were stocked
into the San Juan River, in even nunbers, at three stocking sites (RM 79. 6,
117.5, and 136.6). These fish had a mean TL of 403 mm and a nean WI of 718 ¢
(Table 1). These fish were also fromthe group of razorback sucker being
reared at Wahweap. 1In the 1994 Annual Progress Report (Ryden and Pfeifer
1995b), these 16 fish were erroneously reported as being part of the 177 fish
from Wahweap that were stocked on 18 Novenber 1994. This was not the case.

The second stocking in the fall of 1994 took place on 16 and 17 Novenber
1994, and consisted of 478 PIT-tagged fish from Quray NFH (Table 1). These
fish were stocked in equal nunbers at all four stocking sites (RM79.6, 117.5,
136.6, and 158.6). The majority of these fish from Quray NFH were from
different fanmily lots than those held at Wahweap and were stocked not only to
hel p obtain data for this study, but also to danpen any possible negative
genetic effects that may have arisen in the future fromusing the |arge nunber
of fish fromthe Wahweap | ot (known to be dominated by a single famly lot).
These fish had a mean TL of 190 nm and a nmean WI of 89 g.

The third stocking in the fall of 1994 took place on 18 Novenber 1994,
and consisted of 177 PIT-tagged razorback sucker from Wahweap (Table 1).

These fish, like the 478 fish from Quray, were al so stocked in roughly equa
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Table 1. Experimental stockings of razorback sucker in the San Juan River and the San Juan River
Arm of Lake Powell, 1994-1996, and recaptures that have occurred with these fish as of 31
October 1997.

Recapture Information
Percent

Date Stocking  Number of Mean Mean Number of of Total
Stocked Number Fish Stocked = TL(range) WT(range) Recaptures ~ Stocked
03/29-30/94 1 15 277(251-316)  260(169-396) 1 6.7%
10/27/94 2 16 403(384-435)  718(580-1018) 2 12.5%
11/16-17/94 3 478 190(100-374)  89(8-312) 4 0.8%
11/18/94 4 177 400(330-446)  715(480-990) 41 23.2%
08/08/95 5 65° 405(348-428)  716(452-874) 1 1.5%
08/15/95 6 65° 409(369-437)  727(526-871) 0 0.0%
09/27/95 7 16 424(397-482)  794(627-1194) 3 18.8%
11/01/95 8 34° 446(419-495)  964(760-1240) 0 0.0%
10/03/96 9 237 335(204-434)  437(90-950) 3 1.3%
Total 939 55°

¢ = The Utah Division of Wildlife Resources stocked 130 razorback sucker, 65 each on 8 August and 15

August 1995, into Lake Powell at Piute Farms (San Juan RM 0.0). They are included here because one

of these fish was recaptured at RM 58.0 on 21 May 1996. These fish were not part of the experimental
stocking study and are not included in numbers discussed for this study. All of these fish were PIT-
tagged before release (see Table A-2 in Appendix A for a list of the PIT tag numbers).

b = The Bureau of Reclamation (Cathy Karp, Denver, CO) and U. S. Geological Survey (Gordon Mueller,
Denver, CO) stocked 34 sonic-tagged razorback sucker into Lake Powell on 1 November 1995.
Sixteen were stocked at Neskahi Wash (approximately 29 RM below Piute Farms -- RM 0.0) and 18 at
Zahn Bay (approximately 10.2 RM below Piute Farms -- RM 0.0). These fish are included here

because at least five of them were known to have moved upstream into the lower portion of the San Juan

River. None were recaptured during electrofishing, seining, or trammel-netting efforts in the San Juan
River. These fish were not part of the experimental stocking study and are not included in numbers

discussed for this study. All of these fish were PIT-tagged before release.

¢ = A total of 55 razorback sucker of known origin have been recaptured. Only fifty-four of these were
part of the experimental stocking study. An additional five razorback sucker were recaptured for which
no PIT tag numbers were obtained due to PIT tag reader failure. The stocking from which these five
originated is unknown. Thus they are not included in this table.
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nunbers at all four stocking sites. These fish had a mean TL of 400 nm and a
mean WI of 715 g. PIT-tagged razorback sucker were stocked to help facilitate
the collection of data on post-stocking dispersal, age and growth of hatchery-
reared fish in the wild, and contaminants in the San Juan River.

1995

On 27 Septenmber 1995, 16 razorback sucker (mean TL = 424 nm nean W =
794 g) that had been surgically-inplanted with two-year |ifespan AVM brand
radio tags (WIF = 12 g) were stocked at the Hogback (RM 158.6) stocking site
(Table 1). These fish were stocked to supplenent the dwi ndling nunbers of
radi o-inplanted fromthe fall 1994 stocking and facilitate the collection of
Wi nter habitat use data. Al of these fish were fromthe group being reared
at Wahweap.

Because of space limtations and costs associated with rearing, the UDWR
was unable to retain all of the razorback sucker renmining at Wahweap in 1995
Thus, 130 razorback sucker were stocked into the San Juan River Arm of Lake
Powel | at Piute Farns Marina (San Juan RM 0.0) in two separate stockings on 8
(mean TL = 405 nm nmean WI = 716 g) and 15 (mean TL = 409 mm mean WI = 727 q)
August 1995, 65 fish each day (Table 1). Al of these fish were PIT-tagged
bef ore bei ng stocked. These fish were not part of the experinental stocking
study, however, they are nentioned here because one of them was recaptured
during our nmonitoring efforts (RM58.0, 21 May 1996).

In addition to the 130 razorback sucker stocked into the San Juan River
Arm of Lake Powell by the UDWR, the Bureau of Reclanmation and U S. Geol ogica
Survey (Denver offices) stocked 34 sonic-tagged razorback sucker (nmean TL =
446 mm nmean WI = 964g) into the San Juan River Arm of Lake Powell on 1
Novenber 1995 (Table 1). These fish all cane fromthe group of fish being
hel d at Wahweap. Al of these 34 razorback sucker were PIT-tagged before
their release. Again these fish were not part of the experinental stocking
study, but are nmentioned here because at |east five of them were known to have
noved upstream (at |east as far as RM15.0) into the | ower portion of the San
Juan River in 1996

1996

On 3 Cctober 1996, 237 razorback sucker (mean TL = 335 nm nmean WI = 437
g) were stocked at the Hogback stocking site (RM 158.6; Table 1). Ten of
these fish had been surgically-inplanted with AVM brand radio tags (W = 12
g). Al of these fish were fromthe group of fish being reared at Wahweap.
There were no other stockings of razorback sucker in 1996, either in the San
Juan River itself or in the San Juan River Arm of Lake Powel .
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Moni toring O Stocked Fish

Moni toring of experinentally stocked razorback sucker consisted of
radi ot el emetry observations and informati on gai ned when razorback sucker were
recaptured by el ectrofishing, tramrel netting, or seining. Radiotelenetry of
st ocked razorback sucker was done |argely during razorback sucker radio
telemetry trips throughout the year, although radio contacts with fish were
obt ai ned during research trips for sone other studies as well (i.e., winter
habi t at use by Col orado pi kem nnow (radio telenetry). Recaptured razorback
sucker were nostly contacted during trips for other studies (i.e., adult fish
comunity nonitoring, nechanical renmoval of nonnative fishes, Lake Powell
razor back sucker studies, and secondary channel fish comunity nonitoring).

Radi o Tel ermretry

During razorback sucker monitoring trips, two types of radio telenmetry
contacts were nmade with razorback sucker, habitat observation contacts and
novenment contacts. Habitat observation contacts were made during razorback
sucker radio telenetry trips and whenever el se possible. Habitat observation
contacts consisted of locating a fish via radio telenetry and nonitoring its
novenent for a mninum of one hour. During this tine, the amount of tinme the
fish spent in each utilized habitat type and all novenents made by the fish
were nmarked on a transparent acetate sleeve laid over a hardcopy of aerial
vi deography of the river channel that matched the flowin the river at that
time. At the end of one hour, all available habitats were mapped (for the
entire width of the river channel) at the fish |ocation and from 100 yards
upstream of the fish's nost upstream |l ocation during the contact period to 100
yards downstream of the fish’s nbst downstream | ocation during the contact
period (e.g., Figure 2). Habitat classifications used for mappi ng habitat
(Table 2) were the sanme as those defined by Bliesner and Lanmarra (1993) and
used during Col orado pi kem nnow habitat use studies (MIler 1994, 1995). Upon
return fromthe field, the transparent sleeves were laid over a snall-scale
grid to determine the relative percentages of each habitat type available to a
given fish at the location area

Habitat and water quality data were also collected at the habitat
observation locations. Habitat data recorded i ncluded depth, velocity,
substrate, water clarity, cover type, and distance fromfish location to
cover. Water quality paranmeters recorded were nmain channel (MC) and habitat
t enperatures, dissolved oxygen (DO, conductivity, pH and salinity. At the
end of a habitat observation an attenpt was rmade to recapture the
radi otel enmetered fish by trammel netting or seining to obtain growth and
associated fish community information. This sanpling al so hel ped deternmine if
the fish in question denonstrated an avoi dance behavi or and was, therefore,
alive.

To determine if adult razorback suckers select particular habitat types,
habi tat use was conpared to habitat availability (Swanson et al. 1974, Johnson
1980, Gsnundson et al. 1995). Preference, or lack thereof, for a particular
habitat type was estimated by the average difference between the percent that
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Table 2. Habitat classifications used for mapping during razorback sucker
habi t at observations. Habitat classifications follow the system
devel oped by Bliesner and Lamarra (1993).

Habi t at Habi t at Type of habitat
nurber type nane (Sl ow Sl ack water = S, Fast water = F)
1 Backwat er S
2 Backwat er pool S
3 Pool S
4 Debri s pool S
5 Root wad pool S
6 Eddy S
7 Edge pool S
8a Sand shoal S
8b Cobbl e shoal S
9a Sand shoal /run F
9b Cobbl e shoal /run F
10 Run F
11 Scour run F
12 Shore run F
13 Under cut run F
14 Run/riffle F
15 Riffle F
16 Riffle eddy S
17 Shore riffle F
18 Rifflel/chute F
19 Chut e F
20 Sl ackwat er S
21 | sol at ed pool S
22 Enmbaynent S
24 Over hangi ng vegetati on neit her
25 Cobbl e Bar nei t her
26 Rootwad Pil e S (i f inundated)
27 Abandoned channel (dry) nei t her
28 Sand Bar nei t her
29 Tri butary S or F depending on flow
30 Shoal /riffle F
31 I sl and nei t her
32 Rapi d F
33 Irrigation return S or F depending on flow
34 I nundat ed vegetation S
35 Pocket wat er S
36 Boul der s nei t her
37 Water fall F or neither
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2 HABITAT TYPES THE RIVER
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RM 106.9

HABITAT-RICH (“COMPLEX") ARE.

9 HABITAT TYPES ) ARA OF TEE RIVER
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RM 129.9

Actual habitat maps from two different razorback sucker
radiotelemetry contacts showing the difference between a habitat-
poor (i.e., "simple") area of the river with few available habitat
types (top) versus a habitat-rich (i.e., "complex") area of the
river with numerous available habitat types (bottom). See Table 2
for habitat classifications.

Figure 2.
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each individual habitat type contributes to the total water area available to
an individual fish (wwthin a given contact area) and the percent frequency of
use of each individual habitat type by each individual fish. If there is no
selection, fish should be located in the various habitat types in the sane
frequency as the occurrence or availability of those habitat types. For
exanple, if 20%of the total water area is conprised of pool habitat, one
woul d expect 20% of the fish locations to be in pools if habitat use was

random i.e., no selection. |If the fish exhibit a selection for certain
habitat types, i.e., nore use than availability would predict, we assune that
those habitat types are inportant in fulfilling sonme biol ogical need.

Maxi m zing the quantity and quality of such habitats is viewed as benefitting
the fish and is therefore a goal of flow nanagenent.

To determ ne habitat selection, relative percentages for every individua
habitat type available to a given fish at each individual fish location were
determ ned. Relative percentages of tinme that fish spent using each habitat
type during the radiotel enetry contact were al so determi ned. Percent
availability of each individual habitat type within a given contact area was
subtracted fromthe percent use of that habitat type by that fish.

Di fferences between the two percentages were then averaged across all fish in
a given cal endar nmonth, riverw de, 1994-1997 conbined. This follows the
'aggregate percent nethod" (Swanson et al. 1974) that greatly reduces biases
associ ated with unequal nunbers of contacts anong sanpled fish. In addition
anal yses involving a limted nunber of fish observations are greatly enhanced
i f observations nmade during many nonths (i.e., a given cal endar nonth over
many years) can be pooled to increase sanple size (GCsnundson et al. 1995).
This nean difference between percent use and percent availability, called the
"wei ght value", was then used as a neasure of the degree of selection for each
i ndi vi dual habitat type. Those habitat types with positive weight val ues (>0)
were considered to be selected for; the higher the value, the nore sel ected
for. Negative weight values were interpreted sinply as a | ack of selection
for a specific habitat type rather than an active avoi dance of it (Gsnundson
et al. 1995). After weight values were determ ned, negative wei ght val ues
were dropped fromfurther analysis and all positive weight values for a given
nonth were ranked in descending order to determine the relative inportance of
sel ected habitats within a given nonth. Al positive weight values within a
given nonth were then converted to a scale of 100%to nake it easier to view
the relative degree of selection between sel ected habitats.

Al'so it was assuned that the conbination of habitats, adjacent to one
another, would also play a role in the fishes site selection process.
Therefore, after deternining selected habitats, habitat richness was used to
determ ne the specific blocks of habitats that m ght be selected. Habitat
ri chness, the nunber of individual available habitat types observed (i.e.
mapped) within each contact area during each individual fish contact, was
averaged across all contacts in a given cal endar nonth, riverw de, 1994-1997
conbi ned. The habitat richness value for each nonth or season deternines the
nunber of habitat types to nanage for in our habitat recomendations for adult
razor back suckers. For exanple, the nmean habitat richness for all June
contacts, 1994-1996, was 6. Thus, we assune that a block of six habitat types
is therefore inmportant in fulfilling a biological need for these fish. Miin
channel runs were not included in habitat bl ocks since they were ubiquitous,

t he domi nant habitat type in all razorback sucker contacts, and were utilized
t hough not necessarily selected by radi o-tagged razorback suckers, during nost
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months. A Krukal -Vl lis nonparanetric test was used to test if nmonthly
changes in habitat richness were statistically significant. Since habitat

ri chness was a set, quantifiable value for each fish location (i.e., not a
sanpl e val ue such as catch rate), the al pha value for determ ning significance
bet ween conparisons was set at p < 0.05. |If significant differences were
detected, a two-sanple Kol nogorov-Smirnov (K-S) test was perfornmed to identify
significant differences in pairw se nonthly conparisons.

During the winters of 1995-1996 and 1996-1997, the Bureau of Reclanation
(USBR) nade two separate winter lowflow test rel eases from Navaj o Reservoir
These lowflow tests consisted of reducing winter reservoir rel eases fromthe
normal operating range of 500-600 CFS to 250 CFS. The first lowflow test
rel ease occurred between 14 and 27 January 1996. This short-duration test
rel ease was designed to identify potential problenms that would arise in the
river (e.g., fish or invertebrate kills) or with its many users (e.g.,
muni ci pal water uses, power plant diversions, effects on the Navaj o Dam
tailwater trout fishery) at low flows. However, it was generally agreed anong
bi ol ogists that little if any biol ogical response woul d be observed anong
endangered fish species related to such a short duration |owflow test.

Since no catastrophic effects were observed during the January 1996 two-
week test flow, a second lowflow test rel ease was performed between 4
Novenber 1996 and 2 March 1997. The basic objective of this lowflow test was
to determne the effect of reduced flows on endangered fish species, their
habi tat, and other river resources from Navaj o Dam downstreamto Lake Powel |
(USBR 1998). Flows |ess than 250 CFS occurred naturally in the San Juan River
before the construction of Navajo Reservoir. 1In addition, conputer nodeling
has shown that sufficient water can be stored in Navajo Reservoir to make
spring releases critical to San Juan River endangered fishes by inplenenting
winter flows of 250 CFS from Navaj o Reservoir in | ow precipitation years and
under future water devel opment scenarios. Radio tracking was performed during
both winter lowflow tests to observe the effects of reduced flows on
razorback sucker habitat use and sel ection.

The second type of radio telenmetry contact was a novenent contact. These
contacts consisted of sinply determ ning the exact RM at which the radio-
telemetered fish was |ocated and narking it on a set of river maps or a data
sheet. In sone cases nore information was obtained if time allowed. These
radio telemetry contacts were nmade during trips for other research studies and
were used to determ ne gross novenent patterns only.

Both types of radio telenetry contacts together were used to determ ne
total |ongitudinal novenment, or TLM (total nunber of RM noved, fromthe nost
upstream contact to the nmost downstrean), naxi num displacenent, or MDD (maxi mum
di stance noved fromthe point of release during entire nonitoring period), and
final displacenent, or FD (distance frompoint of release to point of |ast
contact).

Radio telenmetry was used exclusively in deternining habitat use, needs
and sel ection of hatchery-reared razorback sucker in the wild. Radio
telemetry was used in tandemwi th recapture information in deternmining site
preference and novenent patterns of hatchery-reared razorback sucker in the
wild.
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Recapt ures

Razorback sucker were recaptured via electrofishing on both adult fish
community nmonitoring trips, trips to nechanically renove nonnative fish
speci es, and secondary channel fish community nmonitoring trips. Razorback
sucker that were recaptured while el ectrofishing were scanned for a PIT tag,
wei ghed, neasured, and exani ned for general health and reproductive status (if
apparent). River mle of capture (to the nearest 0.1 RM was noted, if

specifically known. In many el ectrofishing sanples (usually one RMin |ength)
the crew was unaware that they had collected a razorback sucker until the end
of the sanple when fish were being sorted. |n these instances, the exact

collection location was inpossible to determ ne, so the point of release was
used to determ ne displacements from point of stocking.

Al'l but three razorback sucker recaptured by el ectrofishing were returned
alive to the river after data collection was conplete. On the October 1995
adult fish comunity nmonitoring trip, three razorback sucker were harvested to
al | ow a whol e- body contani nants anal ysis to be perforned.

See Ryden (2000) for a conplete synopsis of dates and RM s sanpl ed on
adult fish comunity monitoring trips, Buntjer and Brooks (1996) and Brooks et
al. (2000) for a synopsis of dates and RM s sanpl ed on nechani cal renobva
trips, and Propst and Hobbes (2000) for a synopsis of dates and RM s sanpl ed
on secondary channel fish comunity nmonitoring trips.

Trammel -netting and seining were done on an opportunistic basis on al
razorback sucker radio telenmetry trips. 1In addition, razorback sucker were
recaptured via tramel net on a razorback sucker “hunt” trip by the Nationa
Park Service and U S. Ceol ogical Survey's Biological Resources Division in
Lake Powell. On razorback sucker nmonitoring trips, tranmel nets were used to
bl ock the nouths of secondary channel s and backwaters while a seine or second
tramrel net was dragged fromthe top of the habitat towards the set net.
Seines were used in small, shallow enbaynents and backwaters where a crew
could begin at the nmouth of the habitat and seine its entire |l ength and wi dth.
Al fish collected in tramel nets and seines were enunerated and returned
alive to the river. Al tramrel nets used were 150-feet |ong and had one-inch
mesh. Seines were approximately 12-feet (four-nmeters) long and had % inch
nmesh.

RESULTS

A total of 54 stocked razorback sucker of known origin (i.e., those for
which PIT tag nunbers were obtained at tine of recapture) were recaptured
between 3 March 1995 and 5 October 1997 (Table 3). O these 54 fish, eight
were radio-tagged and 46 were PIT-tagged. Another razorback sucker, stocked
by the UDAR into Lake Powell in August 1995, was recaptured at RM 58.0 on 21
May 1996, bringing the total number of individual known-origin razorback
sucker recaptured to 55. This fish was not stocked as part of the
experinmental stocking study, but is included here because it was collected in
the San Juan River. Five of the known-origin, experinentally stocked
razor back sucker (three with radio tags and two with PIT tags) were recaptured
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Table 3. General information on recaptured razorback sucker that were stocked into the San

Juan River between 29 March 1994 and 3 October 1996.

Recapture PIT tag Radio old New Days In River Mile

Date number Tag TL(mm) WT(g) TL(mm) WT(g) River Recapture Stocking Sex
03/09/95 1F685A1C03 None 223 ----0 231 130 113 94.2 158.6 1
03/16/95 1F43686353 475 427 930 427 803 140 -8.5¢ 79.6 M
04/24/95 Unknown None --- ---- 405 720 ---- 134.7 Unknown I
04/24/95 Unknown None --- ---- 424 345 === 134.1 Unknown I
04/25/95 Unknown None .-~ -.-- 405 700 === 141-140 Unknown 1
04/27/95 1F41483B1D 460 411 707 412 650 182 129.3 117.5 M
05/08/95 7F70177124 None 341 ---- 356 450 173 158.6-158 158.6 I
05/08/95 1F404F4A08 None 388 630 388 630 il 156.5 158.6 M
05/09/95 1F40735A54 None 420 ---- 420 750 172 137.2 158.6 I
05/10/95 7F7D164D53 None 240 -e-- 244 120 175 129.9 136.6 I
05/10/95 1F41401050 None 415 910 427 800 175 127-126 136.6 M
05/11/95 1F43596560 None 388 ---- 388 600 174 124-123 136.6 M
05/11/95 1F73300031 None 372 -e-- 376 525 174 124-123 136.6 M
05/11/95 1F402D165E None 404 ---- 404 750 174 123-122 158.6 M
05/11/95 1F7441614B None 390 620 390 510 174 117-116 117.5 F
05/12/95 1F4040075A None 442 990 442 950 175 110.7 136.6 F
05/12/95 1F40496870 None 408 770 408 720 175 109-108° 136.6 M
05/12/95 1F404E666D None 370 525 372 600 175 102.5 158.6 F
05/13/95 1F41405A06 None 408 -e-- 419 750 176 93.9 117.5 F
05/13/95 1F40326B04 None 364 ---- 364 635 176 87.6 158.6 1
05/13/95 1F742E4D72 None 408 m--- 411 765 176 87.3 117.5 1
05/14/95 1F435D1C25 None 422 940 422 850 177 83-82 117.5 M
05/15/95 1F43686353® 475 427 930 427 790 200 72.1 79.6 M
05/15/95 1F41505779 None 414 —.-- 414 675 178 63-62 136.6 M
05/16/95 1F732D724F None 420 870 424 790 179 54.1 136.6 M
08/01/95 1F435F6B54 None 378 see- 387 520 256 38.6 117.5 1
08/01/95 1F733C7240 None 417 820 417 665 256 38.1 79.6 M
10/03/95 1F41394126 None 403 710 [A%] 870 319 151-150 158.6 1
10/05/95 1F733C535F None 404 780 427 625 321 135-134 136.6 1
10/06/95 1F733C783A None 428 812 439 800 322 120-119.2  136.6 M
10/07/95 1F731C2E24 None 404 740 411 510 323 114-113 158.6 M
10/09/95 1F40496870®  None 408 770 408 585 325 94-93 136.6 M
04/15/96 1F41386B7D None 407 740 433 970 514 132.1 79.6 F
04/17/96 1F7328172F None 427 812 456 970 516 128.3 136.6 F
05/14/96 7F7D177851 None 356 me-- 397 720 543 143.0 136.6 1
05/14/96 1F413C3034 None 418 —--- 433 940 543 140.5 158.6 1
05/17/96 1F40464EQD None 404 800 420 910 546 107.8 158.6 M
05/17/96 1F43670136 None 418 760 450 980 546 101.0 117.5 F
05/19/96 1F435C784A None 399 ---- 417 675 548 83.9 158.6 M
05/20/96 1F403B7C6A None 396 638 412 780 549 69.9 117.5 1
05/20/96 1F7509154€E 301 415 750 423 850 236 67.9 158.6 1
05/20/96 1F403E2E35*  None --- ---- 462 1060 ---- 66.6  =---- M
05/21/96 1F402F0B67 None 417 778 456 900 287 58.0 0.0° I

* 1 = Indeterminate, M = Male, F = Female
These values were not available due to equipment failure

b

¢ This fish was stocked at RM 79.6 (27 October 1994), recaptured in Lake Powell on 16 March 1995 (RM -8.5),
transported back to original stocking site and later recaptured during electrofishing at RM 72.1 (15 May

1995).

¢ This fish was recaptured twice in 1995 (12 May and 9 October 1995).

Upon its second recapture, a bite

mark was noted on its back straddling the dorsal keel that was not present earlier in the year.

® These collections are recaptures of previously captured and tagged fish.

* No PIT tag could be detected in this fish at the time of recapture.
general health of this fish were indicative of a stocked fish.
listed here before being released.

However, the size, appearance, and

This fish was implanted with the PIT tag

! This fish was stocked by the Utah Division of Wildlife Resources (UDWR) at Piute Farms (RM 0.0) in Lake °
This fish was not part of the experimental stocking study.

Powell on 8 August 1995.
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Table 3, continued.

Recapture PIT tag Radio old New Days In River Mile
Date number Tag TL(mm) WT(g) TL(mm) WT(g) River Recapture Stocking Sex

10/16/96 7F7D164F11 475 403 731 403 731 13 150.0 158.6 M
10/18/96 1F43550544 None 414 786 463 940 700 140.2 158.6 1
10/20/96 7F7D163271 None 348 440 348 390 17 114.2 158.6 1
10/21/96 1F743R347F None 406 ---- 460 890 703 103.5 136.6 1
10/21/96 1F43650D2C None 405 700 453 900 703 103.8 79.6 1
10/22/96 1F5B684AS4 101 428 859 430 960 391 93.8 158.6 M
10/22/96 1F587A6725 500 426 778 439 975 391 92.9 158.6 F
10/24/96 1F743D4B65 None 418 800 481 890 706 70.1 79.6 F
05/02/97 1F404D755F None 382 558 434 1150 896 122.0 136.6 F
05/03/97 1F74333B7F None 404 688 442 800 897 105.3 136.6 M
05/03/97 TF7D17641A 176 397 680 397 692 212 100.5 158.6 M
05/03/97 Unknown None --- ---- 456 750 - 100.2 ----- M
05/03/97 1F5B684A54® 101 428 859 452 770 603 100.2 158.6 M
05/03/97 1F4031135D None 383 650 412 650 897 100.2 79.6 M
05/04/97 1F40464E0D®  None 404 800 434 850 898 95.8 158.6 M
05/05/97 1F435A6262 None 396 700 420 660 899 80.3 79.6 M
05/05/97 1F731B4112 None 392 682 410 650 899 75.5 79.6 M
08/12/97 1F73402806 None 392 660 472 1125 998 42.9 79.6 M
08/12/97 7F7D173B24 499 251 185 502 1350 1232 38.7 79.6 M
10/02/97 7F7D173B24® 499 251 185 502 1300 - 1283 130.8 79.6 M
10/04/97 1F7435F728 None 442 ---- 471 1000 1051 107.7 136.6 1
10/05/97 1F4132402E None 396 660 536 1760 1052 100.0 136.6 1
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twi ce, bringing the nunber of recapture events with known-origin fish to 60
recaptures, including the Lake Powel |l fish (Table 3).

An additional five razorback sucker of unknown origin (those for which no
PIT tag readi ng was obtained at the tine of recapture) were al so recaptured.
A PIT tag nunber could not be obtained for four of these five unknown-origin
fish due to equipnent (i.e., PIT tag reader) failure. The fifth unknown-
origin razorback sucker was scanned with a PIT tag reader that was worKking,
but no tag was detected. This fish had apparently expelled its PIT tag or
been inplanted with a defective PIT tag. Thus, the nunber of individual,
recaptured razorback sucker may have actually been as high as 60, and the
nunber of razorback sucker recapture events as high as 65

Ri ver miles of razorback sucker recaptures ranged from RM 158. 0 (j ust
downstream of Hogback Diversion, NM to RM (-)8.5 (near Copper Canyon in the
San Juan River Armof Lake Powell, UT). O the 65 razorback sucker recapture
events, one was coll ected by seine during a razorback sucker radi o-tracking
trip (9 March 1995), one by trammel net in Lake Powell (16 March 1995), four
by el ectrofishing during a single channel catfish renmoval trip (24-27 Apri
1995), and 59 by el ectrofishing during nine adult fish comunity nmonitoring
trips (8 May 1995-5 Cctober 1997). Fromthese nunbers, it appears that
el ectrofishing is the nost efficient methodol ogy for nonitoring experinentally
stocked razorback sucker. It is also apparent that a certain nunber of
stocked razorback sucker, at |east those that are stocked as far downstream as
Bl uff, UT, are noving downstreaminto Lake Powel|.

Habi t at Use, Needs, and Sel ection

Bet ween 29 March 1994 and 24 July 1997, a total of 183 contacts were nade
with radiotel emetered razorback sucker. O these 183 radi o contacts, 79 were
used to determ ne habitat use, needs, selection, and richness. Habitat use
and sel ection by radi o-tagged razorback sucker varied anong nonths, but
generally occurred in habitat-rich areas of the river. Habitat use breakdowns
for radiotel enetered razorback sucker by season are as foll ows:

Pre- Runoff And Ascending Linmb O Hydrograph (March, April, And My)

During pre-runoff periods (March and April), radi o-tagged razorback
sucker used a variety of lowvelocity habitat types (pools, eddies, shoals,
and backwaters), mxed with a few fast-water habitats (Table 3). These
habitats were located along the river’s margins, with the pools and eddies
often being |l ocated on the inside curve of |large bends in the river channel.
Mai n channel runs, although used by radiotel enetered fish in both nonths, were
not a habitat type that was selected for in either nonth.

During March, radiotel enetered razorback sucker selected four separate
habitat types, three of which were slow or slackwater habitat types (Table 3).
The nmost inportant (i.e., the nost selected) |owvelocity habitat during March
contacts was pool, followed by eddy then by edge pool. Sand shoal/run (a fast
wat er habitat type) was actually the second nost selected for habitat type
during March contacts. Mean habitat richness at March fish | ocations was
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seven habitats (Table 4, Figure 3). Mean water depth at fish |ocations during
March was 2.7 ft. (range = 1.4-4.1 ft.; Figure 4). March was one of only
three nonths (April and June being the other two) in which the nmean habit at
tenperature at razorback sucker |ocations was warner than adjacent main
channel habitats (Figure 5). Mean habitat tenperature at radiotel enetry
| ocations in March was 10.9°C (range = 6.0-13.0°C), while the nmean nain
channel tenperature at contact locations in March was 9.8°C (range = 6. 0-
13.0°C). Mean bottomvelocity at March radiotelenetry |locations was 1.5 ft
per second (ft/sec; range = 0.9-1.9 ft/sec), while the mean columm velocity at
these same locations was 1.7 ft/sec (range = 0.05-2.5 ft/sec; Figure 6).

During April, radiotel enetered razorback sucker selected for five
separate habitat types, three of which were slow or slackwater habitats (Table
4). The nost selected |lowvelocity habitat during March contacts was sand
shoal , followed by backwater, and pool. April was the only nonth in which
ei ther sand shoal or backwater were sel ected habitat types. Hi gher velocity
shoreline runs and sand shoal /runs were al so sel ected habitat types in April,
though to a much | esser degree than were the |l owvelocity habitat types (Table
4). Mean habitat richness at April fish locations was seven habitats (Table
4, Figure 3). Mean water depth at fish | ocations during April was 2.3 ft.
(range = 0.5-5.5 ft.; Figure 4). April was the second of only three nonths
(March and June being the other two) in which the nean habitat tenperature at
razor back sucker |ocations was warner than adjacent main channel habitats
(Figure 5). Mean habitat tenperature at radiotelenetry locations in April was
13.0°C (range = 8.0-18.5°C), while the nean main channel tenperature at
contact locations in April was 12.0°C (range = 8.0-14.0°C ). Mean bottom
velocity at April radiotelenetry locations was 0.6 ft/sec (range = 0.1-1.6
ft/sec), while the nean colum velocity at these sanme |ocations was 1.0 ft/sec
(range = 0.1-3.0 ft/sec; Figure 6).

On 11 April 1995, the only overnight radio telenetry contact (1,060
m nutes {17.7 hours}) during our study was done on a razorback sucker (tag
nunber 325) at RM40.2. During this contact, the fish remai ned nidchannel, in
a mai n channel run, noving up- and downstream (as well as up and down in the
water colum) in a roughly oval pattern approximtely 100 yards in length for
the entire contact. The water tenperature was 10.0°C and the flows in the
river, as recorded on the USGS gage at RM 53.0 (Mexican Hat, UT) were 3,600
CFS. This indicates that activity (probably related to feeding) was
continuing around the clock. Initially, this contact would seemto contradict
the habitat selection values presented in Table 4 for April contacts.
However, when figuring the habitat selection values for this contact by
itself, the large anpbunt of main channel run present at this contact |ocation
yields a very | ow sel ection value for main channel run habitat. Then when
averaged with all other April contacts, selection for main channel runs
di sappears conpletely. This particular fish is a perfect exanple of how
figuring habitat selection by this nmethodol ogy keeps a single fish (even if it
is tracked for a nmuch longer tinme period than all other fish in given nonth)
from bi asi ng habitat sel ection val ues.

Habi tat selection for May showed a strong selection for eddies associ ated
with the inside of large bends in the river channel (Table 4). Miin channel
runs adj acent to these eddies were also used, with radiotel enmetered razorback
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sucker denmpnstrating a slight selection for these runs. These were the only
two habitat types selected for by radiotel enetered razorback sucker. Mean
habitat richness at May fish locations was ei ght habitats (Table 4, Figure 3).

Until May 1997, habitat use by stocked radiotel emetered razorback sucker
appeared to be related to resting or feeding. However, during May 1997
el ectrofishing surveys, nine adult razorback sucker were recaptured. Eight of
these were ripe nale fish. Al eight male fish were captured in aggregations
of ripe, presunmably spawning, flannel nouth sucker, over m dchannel cobble
riffles and run/riffles, or along the river’s nmargi ns over cobble shoal /runs.
No velocities were recorded at these | ocations, but collection |ocations were
all less than three feet in depth. These collections appeared to be tied to
sexual |y mature mal e razorback sucker exhibiting spawni ng behavi or on the
ascending |inb of the hydrograph, as was seen in other Upper Colorado River
Basin rivers (Tyus 1987, Tyus and Karp 1989, USFWS 1998). Although habit at
sel ection can not be inferred fromelectrofishing collections, the recapture
of these eight mal e razorback sucker provide circunstantial evidence that
suggests a shift in habitat use, if not selection, during spawni ng periods for
i ndi vi dual razorback sucker that have reached maturity.

Mean water depth at fish |ocations during May was 3.3 ft. (range = 1.0-
7.2 ft.; Figure 4). Mean habitat tenperature at razorback sucker locations in
May was exactly the sane as that of adjacent main channel habitats (Figure 5).
Mean habitat and main channel tenmperature at radiotelenetry |locations in My
was 14.8°C (range = 12.0-17.7°C). Mean bottomvelocity at Apri
radi otel emetry | ocations was 0.8 ft/sec (range = 0.6-1.2 ft/sec), while the
mean colum velocity at these same |ocations was 1.4 ft/sec (range = 0.9-2.1
ft/sec; Figure 6).

Runof f, Descending Linb O The Hydrograph, And Post-Runoff (June and July)

Habi tat sel ection during the runoff period (June) was dom nated by
i nundat ed vegetation (Table 4). June was the only nonth in which this habitat
type was available to razorback sucker. Two other lowvelocity habitats, edge
pool s and pools, were also selected. Hi gher velocity sand shoal/runs and nain
channel runs were also selected, but to | esser degrees than | owvelocity
habitat types. All habitats used, even the main channel runs, were near shore
(i.e., not mdchannel) habitats. During June runoff (high-flow) periods
radi o-tagged razorback sucker noved to the river’'s nmargins and utilized
habitat-rich, lowvelocity areas. The reasons for this were probably to avoid
hi gh, turbulent main channel flows during runoff as well as for foraging. The
nmean habitat richness value at June fish locations was six habitats (Table 4,
Figure 3). This high habitat richness value for June may be due to the fact
that as flows increase and i nundate nore areas, the nmargins of the river
channel becone increasingly conplex, rather than actual habitat sel ection by
radi ot el emet ered razorback sucker. Mean water depth at fish |l ocations during
June was 3.9 ft. (range = 0.3-6.5 ft.; Figure 4). June was the last of three
nmonths (March and April being the other two) in which the nmean habit at
tenperature at razorback sucker |ocations was warner than adjacent main
channel habitats (Figure 5). Mean habitat tenperature at radiotel enmetry
| ocations in June was 15.0°C (range = 10.8-19.0°C), while the nmean nain
channel tenperature at contact locations in April was 114.8°C (range = 10.9-
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18.0°C ). Mean bottomvelocity at June radiotelenetry |ocations was 1.7
ft/sec (range = 0.0-9.2 ft/sec), while the mean colum velocity at these sane
| ocations was 2.0 ft/sec (range = 0.0-8.7 ft/sec; Figure 6).

In July (the descending linb of the hydrograph to post-runoff), as flows
decreased, habitat use for radio-tagged razorback sucker greatly resenbl ed use
in May (ascending linb of the hydrograph), with eddies being the dom nant
sel ected habitat type and main channel runs being the only other selected
habitat type (Table 4). July was the last nonth until Decenber that |ow
velocity habitats were selected for by radiotel enmetered razorback sucker. The
nmean habitat richness value for July was six habitats (Table 4, Figure 3).
Mean water depth at fish |ocations during July was 4.6 ft. (range = 2.1-12.5
ft.; Figure 4). Mean habitat tenperature at razorback sucker locations in
July was the sane as that of adjacent main channel habitats (Figure 5). Mean
habitat and main channel tenperature at radiotelenetry locations in July was
21.1°C (range = 17.7-23.5°C). Mean bottomvelocity at July radiotelenmetry
| ocations was 0.7 ft/sec (range = 0.2-1.4 ft/sec), while the mean col um
velocity at these sane |ocations was 1.6 ft/sec (range = 0.2-2.7 ft/sec;

Fi gure 6).

Post - Runof f Summer/ Fal | Base-Fl ow Period (August Through Cct ober)

Habi tat use and selection during this time of the year differed greatly
fromthat seen in preceding periods. As flows receded to the sumer/fal
base-fl ow period (August through Cctober), m dchannel, nmain channel fast water
habitats (i.e., main channel runs and sand shoal runs) were the only sel ected
habitat types (Table 4). This selection of mdchannel, main channel, fast
wat er habitat types, as well as the fact that radiotel enmetered razorback
sucker renmined active throughout the day, probably indicates a period of
al rost around-the-clock, active feeding. No lowvelocity habitat types were
sel ected during the summer/fall base-fl ow period.

In addition, the sumer/fall base-flow period was the tine period when
habitat richness of areas used by razorback sucker was nost reduced (i.e.,
fish were using less habitat-rich or sinplified areas of the river). These
| ow habitat richness values were probably, once again, as nuch a factor of
what habitat were available in the river at low flows as actual habitat
sel ection by radiotel enetered razorback sucker. Wen flows drop to a base-
flow condition, many features that help formlowvelocity habitats at higher
flows (e.g., secondary channels, nouths of seasonal washes, and debris and
rootwad piles) becone isolated and dry as the remaining water is funneled into
a nore sinplified channel. The only tinme this is not the case during the
sumer/fall base-flow period is when rain stornms cause very short-duration
(and often quite dramatic) flow spikes. However, these flow spikes are
usual ly very short (i.e., several hours to a few days) in duration, naking
ot her habitats available to fishes for only a short anount of tinme.
Unfortunately, because of the short duration and random nature of these “storm
spi kes,” no contacts were made with radi otel enetered razorback sucker during
any of these events. Thus, it is not known whether these storm spi kes cause a
shift in habitat use by razorback sucker or not.

During August, radiotel emetered razorback sucker utilized two fast water
habitat types, runs, and sand shoal /runs (Table 4). The mean habitat richness
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val ue for August was five habitats (Table 4, Figure 3). Mean water depth at
fish locations during August was 6.2 ft. (range = 2.5-20.0 ft.; Figure 4).
These water depth nunbers for August include a single contact with a
radi otel emetered fish (tag nunber 025) that was utilizing a very deep water
(i.e., 20.0 ft. deep) main channel run habitat at RM 23.0 on 2 August 1995.
This particular habitat depth nunber is probably somewhat skewed to a deeper
nunber than is really representative, since there are not nany places in the
entire San Juan River, even during high flows, that are 20-ft. deep, let alone
during August base-flows. Mean habitat tenperature at razorback sucker
| ocations in August was the sane as that of adjacent main channel habitats
(Figure 5). Mean habitat and main channel tenperature at radiotelenetry
| ocations in August was 23.7°C (range = 23.0-25.0°C). No velocities were
recorded for August radiotelenetry contacts.

In contrast to habitat use and sel ecti on observed anong radi ot el enet er ed
razor back sucker, a single PIT-tagged razorback sucker was recaptured, via
el ectrofishing, in August 1995 at RM38.6, in a large, deep (>6 feet)
backwater on river left. Again it nust be stated that habitat use or
sel ection cannot be inferred fromelectrofishing data. However, this fish was
collected in the only backwater of this size avail able between Mexican Hat, UT
and Lake Powell. In addition, it was collected approximtely 30 yards
upstream fromthe mouth of the backwater, probably indicating that it was in
t he backwater before the electrofishing raft entered it. How long this fish
had, or continued to, occupy this backwater after its release is unknown. So,
it is not known whether backwaters, where they are present at razorback sucker
| ocations, are a habitat that this species would select for. On this sane
day, a second PIT-tagged razorback sucker was collected in a nmain channel run
on river left, indicating that not all razorback sucker in the i mediate area
of this backwater were using it.

No radiotel enetry contacts were made with razorback sucker during
Sept ember. However, given the great simlarities between August and Cctober
data for radiotelenetered fish, it is assuned for the sake of this report that
Sept ember habitat selection, habitat richness val ues, depths, and tenperatures
were very simlar to those obtained for August and Cctober

During Cctober, radiotel emetered razorback sucker used (and thus sel ected
for) only one habitat type, main channel run (Table 4). The nmean habitat
ri chness val ue for COctober was four habitats, the | owest value for the entire
year (Table 4, Figure 3). Mean water depth at fish | ocations during Cctober
was 4.0 ft. (Figure 4). Mean habitat tenperature at razorback sucker
| ocations in October was the sanme as that of adjacent main channel habitats
(Figure 5). Mean habitat and mai n channel tenperature at radiotel enetry
| ocations in October was 11.5°C (range = 11.0-12.0°C). No velocities were
recorded for COctober radiotel enetry contacts.

Fall/Wnter Transition Period (Novenber)

In Novenber, as was the case with October contacts, mnidchannel main
channel runs were the only used and sel ected habitat (Table 4). The one
di fference between the two nonths was that the nean habitat richness val ue at
Novenber contact |ocations was once again high, being eight habitats, as
opposed to four habitats in October (Table 4, Figure 3). Mean water depth
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at fish locations during Novenber was 3.8 ft. (range = 3.6-3.9 ft.; Figure 4).
Mean habitat tenperature at razorback sucker |ocations in Novenber was the
same as that of adjacent main channel habitats (Figure 5). Mean habitat and
mai n channel tenperature at radiotelenetry locations in Novenmber was 5. 3°C
(range = 3.0-7.5°C). Mean bottomvelocity at Novenber radiotel enetry

| ocations was 1.2 ft/sec (range = 0.6-2.0 ft/sec), while the mean col um
velocity at these sane |ocations was 1.7 ft/sec (range = 1.0-2.4 ft/sec;

Fi gure 6).

W nt er Base-Fl ow Period (Decenber Through February)

During Decenber, only two habitat types were selected for, nmain channe
runs and edge pools (Table 4). Miin channel runs were selected for nore in
the early part of Decenber when daytine water tenperatures regularly topped
3.0°C. Radiotelenetered fish remained active in the main channel during
warmer parts of the day, but used edge pools during the early norning and | ate
afternoon as tenperatures cooled. Later in the nonth as colder air
tenperatures prevailed, radiotel enetered fish selected for edge pools and
becanme nuch nore sedentary. The nean habitat richness val ue for Decenber
contacts was seven habitats (Table 4, Figure 3). Mean water depth at fish
| ocations during Decenber was 2.8 ft. (range = 1.9-3.3 ft.; Figure 4). Mean
habitat tenperature at razorback sucker |ocations in Decenber was the sanme as
that of adjacent mmin channel habitats (Figure 5). Mean habitat and main
channel tenperature at radiotelenetry locations in Decenmber was 3.0°C (range =
0.5-5.5°C). Mean bottomvelocity at Decenber radiotelenmetry locations was 1.3
ft/sec (range = 0.5-2.4 ft/sec), while the mean colum velocity at these sane
| ocations was 1.5 ft/sec (range = 0.7-2.5 ft/sec; Figure 6).

During January, consistently the coldest nonth of the year during our
studi es, radiotel emetered razorback sucker selected only one habitat type
edge pools (Table 4). During January contacts, razorback sucker were very
sedentary, with the nost active making only short (i.e., several minute)
forays into main channel runs during the very warnest parts of the day (i.e.
above 3.0°C, before returning to shoreline edge pools. On colder days (i.e.,

t hose days where tenperatures did not get above 3.0°C), radiotel enetered fish
hardly noved at all. The nmean habitat richness value for January contacts was
six habitats (Table 4, Figure 3). Mean water depth at fish locations during
January was 2.6 ft. (range = 1.6-3.9 ft.; Figure 4). Mean habitat tenperature
at razorback sucker locations in January was the same as that of adjacent main
channel habitats (Figure 5). Mean habitat and main channel tenperature at
radi otel emetry locations in January was 1.3°C (range = 0.5-3.5°C). Mean
bottomvelocity at January radiotelenmetry locations was 0.5 ft/sec (range =
0.0-1.1 ft/sec), while the mean colum velocity at these sane | ocations was
0.6 ft/sec (range = 0.05-1.3 ft/sec; Figure 6).

As wat er tenperatures began to warmup again in February,
radi ot el enmet ered razorback sucker once again began to becone fairly active.
During February, razorback sucker selected for four different habitats, only
two of which were lowvelocity habitat types. The nost sel ected habitat type
was still edge pool, followed by main channel run, eddy, and shore run (Table
4). The nean habitat richness value for February was ei ght habitats (Table 4,
Figure 3). Mean water depth at fish locations during February was 3.7 ft.
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(range = 2.6-4.5 ft.; Figure 4). Mean habitat tenperature at razorback sucker
| ocations in February was the same as that of adjacent nmain channel habitats
(Figure 5). Mean habitat and main channel tenperature at radiotelenetry

| ocations in February was 4.3°C (range = 3.0-6.5°C). Mean bottomvelocity at
February radiotel enmetry locations was 1.0 ft/sec (range = 0.3-1.9 ft/sec),
while the nmean colum velocity at these same locations was 1.0 ft/sec (range =
0.2-2.0 ft/sec; Figure 6).

A Kruskal -Vl lis test indicated that there were significant differences
in habitat richness val ues between nonths (test statistic = 19.682, p =
0.032). A K-Stest revealed that in sequential conparisons, there were no
significant differences (p > 0.05 in all cases) in habitat richness from one
nonth to the next. |In nonthly pairw se conparisons, the only significant
di fference between habitat richness values was in February versus COctober (p =
0.025). Al other K-S values showed no significant differences in nonthly
pai rwi se conparisons (p > 0.05).

Site Preference

Data for site preference are sparse. G oupings of razorback sucker
sanpled at three locations in the San Juan River may indicate preference for a
specific site in the river. The first possible evidence for a preferred site
is centered around a | arge backwater on river left at RM38.6. On 1 August
1995, a 387 mm TL razorback sucker of indeterm nate sex was el ectrofished from
this backwater, approximately 50 ft. upstreamof its nouth. Water depth at
this recapture location was 3.0 ft. deep, with a silt substrate. A second
razorback sucker (a 417 mm TL mal e) was col |l ected al ong the shoreline on the
river left at RM38.1 just minutes later. A third razorback sucker (a 502 mm
TL male) was collected fromthe river left shoreline at RM 38.7, just upstream
of the nmouth of the backwater on 12 August 1997.

The second possible preferred site is just downstream of Aneth, UT at RM
100.2 on river right. On 3 May 1997, one ripe male razorback sucker (397 mm
TL) was collected within a few yards downstream of the ME nmo Creek confl uence
(RM 100.5), on river right. Approximately three-tenths of a mle downstream
(at RM 100.2), three nore ripe nale razorback sucker (412, 452, and 456 mm TL)
were captured in a single dip net full of fish over a shoreline cobble
shoal /run. In addition, three other razorback sucker were observed, but not
captured, in this same aggregation of fish

The | ast possible preferred site for razorback sucker is a |large
backwater on river left just upstream of Sand Island boat |aunch at RM 77. 3.
On 21 Cctober 1997, an immature razorback sucker (216 nmm TL) was seined from
this backwater by a crew from UDAR.  This fish was a razorback sucker that had
been stocked on 3 Septenber 1997 at RM 158.6, and was not a part of this
study. The follow ng year on 5 Cctober 1998, one nal e razorback sucker (444
mm TL) was collected along the river left shoreline just upstreamof the nouth
of this backwater. 1In addition, another male razorback sucker (423 nm TL) was
collected at the mouth of the backwater and a third razorback sucker was
observed but not netted (unpublished data). These two nale razorback sucker
were originally stocked as part of the experinmental stocking study, but are
not included in any other analyses in this report as they were not recaptured
previous to the end of this study (i.e., 1997).
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Movenent Patterns

St ocked razorback sucker displayed large initial downstream di spl acenents
shortly after being stocked. Anong the 15 radiotel enetered fish stocked in
March 1994, one (tag nunber 599) stocked at RM 117.5 was contacted 5.5 RM
downstream of the stocking site in 17 days (Figure 7). This fish was
contacted several nore tinmes at this sanme location on |ater dates. Two other
radi otel enetered fish fromthe March 1994 stocking (tag nunbers 739 and 448
both stocked at RM 136.6) were contacted 19.9 and 33.8 RM downstream
respectively, of their stocking site within 47 days after stocking (Figure 7).
Tag nunber 739 was contacted 0.2 RMupstream 12 days later, while tag nunber
448 has not been contacted since that date. No short-termcontacts were nade
with radiotel emetered fish stocked in the fall of 1994 (Figure 8).

O the 16 fish stocked in Septenber 1995 (at RM 158.6), three (tag
nunbers 350, 490, and 500) were contacted on 8 Cctober 1995. Al three had
nmoved over 50 RM downstream fromthe stocking site (56.7, 57.5, and 54.7 RM
respectively) in only eleven days (Figure 9). Wen contacted 52 days |ater,
tag nunber 500 had noved upstream 8.0 RM Neither of the other two fish has
been contacted since.

O the ten radiotel enmetered fish stocked in Cctober 1996 (at RM 158. 6),
one (tag nunber 475) was recaptured 8.6 RM downstream 13 days after stocking,
but had nmoved upstream 2.2 RM when contacted 28 days |ater (Figure 10).

Anot her (tag number 311) was contacted 90.5 RM downstream 21 days after
stocking. This fish has not been contacted since that date. In addition, a
Pl T-t agged fish stocked at RM 158.6 in Cctober 1996 was recaptured 17 days
later 44.4 RM downstream of the stocking site (Table 3)

Mean FD values for all four groups of radiotel enetered razorback sucker
were | ess than both nean TLM and nean MD val ues (Tabl es 5-8).

Razorback sucker stocked in the spring had smaller M val ues than those
stocked in the fall, despite being smaller fish and having to deal w th high
spring flows relatively soon after stocking. The mean MD for smaller
radi ot el enmetered razorback sucker (nmean TL at stocking = 277 nm) stocked in
the spring of 1994 was 13.2 RM (based on 15 fish), while the nean MD for
| arger radiotel emetered razorback sucker (mean TL at stocking = 410 nmm
stocked in the fall was 50.5 RM (based on 23 fish). The majority of razorback
sucker tracked during runoff events, despite their size at stocking, did not
show any great downstream di spl acements coinciding with high flow events
(Figures 7-10). On the contrary, these fish nore often than not held their
relative position in the river during the runoff periods in which they were
tracked. In addition, the nmean MD val ue for recaptured Pl T-tagged razorback
sucker (all of which were stocked in the fall) was 30.4 RM (based on 46 fish
mean TL at stocking = 393 mm. For all fish fromfall stockings (n = 69; nean
TL at stocking = 399 nm), whether radiotelenetered or Pl T-tagged, for which a
MD coul d be determ ned, the mean MD was 37.1 RM

Movenents varied between groups of razorback sucker stocked at different
stocking sites. Overall, MD for PIT-tagged fish recaptured between 1995 and
1997 ranged from52.5 RM upstreamto 82.5 RM downstream of the origina
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stocking sites. Anong recaptured, known origin, PIT-tagged razorback sucker,
the fish stocked at RM 158. 6 denonstrated the greatest MD (nmean = 37.5 RM n =
14 fish), followed by the fish stocked at RM 117.5 (rmean MD = 33.4 RM n =7
fish), RM 136.6 (nean MD = 26.5 RM n = 17 fish), and RM 79.6 (nean MD = 23.7
RM n =8 fish) sites.

Total |ongitudinal nmovenments of radiotel emetered razorback sucker tracked
bet ween 1994 and 1997 ranged from 0. 1-107.5 RMwhile MD ranged from 51. 2-107.5
RM downst ream of the original stocking sites (Tables 5-8). Between 1994 and
1997, radio-inplanted razorback sucker stocked at RM 158.6 had the greatest
TLM and MD (rmean TLM = 51.3 RM nean MD = 51.3 RM n = 14 fish), followed by
fish stocked at RM 117.5 (nean TLM = 34.2 RM nmean MD = 34.1 RM n = 9 fish),
RM 79.6 (nmean TLM = 29.0; mean MD = 24.4; n = 9 fish), and RM 136.6 (nean TLM
= 19.3 RM nean MD = 19.3 RM n = 6 fish).

For both radiotel enretered and Pl T-tagged fish conbi ned, MD were greatest
for fish stocked at RM 158.6 (nmean MD = 44.4 RM n = 28), followed by fish
stocked at RM 117.5 (nean MD = 33.8 RM n = 16), RM 136.6 (nmean MD = 24.6 RM
n=24.6), and RM79.6 (mean MD = 24.1 RM n = 17).

When conparing novenent patterns displayed by razorback sucker inplanted
with only PIT tags versus those inplanted with both PIT and radio tags, it was
found that recaptured, PlIT-tagged fish had smaller nmean MD val ues (mean MD =
30,4 RM n = 46 fish) than did observed radiotel emetered razorback sucker
(mean MD = 35.8 RM n = 38 fish). However, when tested using a T-test, it was
found that the difference in the two MD val ues was not significantly different
(P = 0.37; 95% Confidence Interval {Cl}).

There were al so differences between novenents displayed for razorback
sucker of different size classes. Anong recaptured Pl T-tagged razorback
sucker, four young juveniles were recaptured. The nmean MD for these four
young juveniles was 29.0 RM A total of 42 subadult/adult PIT-tagged
razor back sucker were recaptured during that sanme tinme. The nean MD for these
42 fish was 30.5 RM

Among radi ot el enmetered razorback sucker, the nmean MD for young juvenile
razorback sucker razorback sucker was 13.2 RM (n = 15), while the nean MD for
subadul t/adult radi otel enetered razorback sucker was 50.5 RM (n = 23 fish).
For both radiotel emetered and Pl T-tagged razorback sucker conbined, the
mean MD for young juveniles was 16.5 RM (n = 19), while the mean MD for
subadult/adults was 37.6 RM A T-test perforned on these val ues reveal ed that
during this study, based on MD val ues, young age class razorback sucker noved
significantly | ess post-stocking than did subadult/adult razorback sucker (P =
0.00; 95% Q).

M gratory behavi or has been di spl ayed by stocked razorback sucker with
downstream nmovenents of up to 92.1 RM (nean 33.7 RM n = 51) and upstream
novenents of up to 90.7 RM (nmean 30.3 RM n = 9). The |ongest upstream
nmovenent was di splayed by an individual that was 251 nm TL at tine of
stocking. This fish originally stocked at RM 79.6 on 29 March 1994, was
recaptured at RM 38.7 on 12 August 1997. It was recaptured again on 2 Cctober
1997 at RM 130.8, an upstream novenent of 92.1 RMin 51 days (Table 3; Figure
10).

In the spring of 1997, several razorback sucker noved to the area of the
San Juan River just downstream of Aneth, Uah (see hjective 3), presunmably to
spawn. On 3 May 1997, one ripe male razorback sucker was recaptured at RM
100.5 and three other ripe male razorback sucker were recaptured at RM 100. 2
in asingle dip net full of fish. Another three razorback sucker were seen at
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RM 100.2 within several feet of where the three males were netted, but could
not be collected. The nale razorback sucker recaptured at RM 100.5 had been
stocked at RM 158.6 on 3 Cctober 1996. This radi o-tagged individual (nunber
176), had been contacted as late as 6 February 1997 at RM 129.9. O the other
t hree razorback sucker recaptured at RM 100.2, one (radio tag nunmber 101) had
been stocked at RM 158.6 on 27 Septenber 1997 and recaptured via

el ectrofishing at RM 93.8 on 22 Cctober 1996, before this collection. Another
Pl T-t agged nal e had been stocked at RM 79.6 on 18 Novenber 1994.

Unfortunately, due to a PIT tag reader failure, no PIT tag nunber was obtai ned
for the fourth fish. However, fromthe three fish for which identity was
ascertained, it appears that stocked razorback sucker had cone from both up-
and downstreamto this particular area, presumably to spawn. The presence of
the ot her three observed razorback sucker in such close proximty to the

i ndi vi dual s recaptured at RM 100.2 | ends credence to this idea. Thus, it
appears that in addition to making | ong novenents at other tines of the year
stocked razorback sucker will also migrate to spawn.

The nmovenent of stocked fish into Lake Powel|l was confirmed when a single
razorback sucker stocked at RM 79.6 on 29 March 1994 was recaptured (via
tramrel net) approximately 8.5 mles into Lake Powell on 16 March 1995 (Tabl e
3, Figure 8). It was transported back to its original stocking site (RM 79.6)
and re-released into the river on 18 March 1995. This fish was contacted
again on 24 April (at RM69.0) and 15 May 1995 (at RM 72.1), but contact was
lost with it after that date, so its novenents during the high water period of
1995 are unknown.

Several razorback sucker were al so docunmented to have noved upstream from
Lake Powell into the San Juan River as well. On 21 May 1996 a nal e razorback
sucker (456 mm TL) was recaptured at RM 58.0, via electrofishing (Table 3).
This fish had been stocked 287 days earlier, on 8 August 1995 at Piute Farms
Marina (RMO0.0) in Lake Powell. 1In addition, five sonic-tagged fish
originally stocked in Lake Powel| (at Zahn Bay [approximate RM - 10.2] or
Neskahai Wash [approximte RM -29.0]) on 1 Novenber 1995 were contacted in the
| ower San Juan River upstream of Grand Gulch (RM14.5) in May and June 1996
(G Mueller pers. conm), with at |east one sonic-tagged razorback sucker
novi ng as far upstreamas RM 20.9 (on 20 June 1996), 0.7 RM upstream of
Governnent Rapid (unpublished data).

St ocked razorback sucker showed little to no downstream di spl acenent
associated with high flow events. 1n 1994, despite a peak spring flow of
around 283 cubic neters per second (n¥/ sec), or 10,000 cubic feet per second
(CFS) six, small razorback sucker (251-301 nm TL) managed to naintain their
position fairly high up in the river (Figure 7; Ryden and Pfeifer 1995b). In
1995, fish stocked in the fall of 1994, with one exception (# 460),
denonstrated large initial downstream displacenents after stocking but little,
i f any downstream di spl acenment in association with a spring peak flow of
approxi mately 339 n¥/sec (12,000 CFS; Figure 8; Ryden and Pfeifer 1996b). 1In
1996, high flows were al nost non-existent in the San Juan River (Figure 9).
Flows in 1996 peaked at just above 119 n¥ sec (4,200 CFS), and at |east two
radi ot el enmetered razorback sucker had noved upstream whil e another had ceased
to nmove downstream by the time “peak” flows occurred (Figure 9). Movenents of
radi ot el enmetered razorback sucker in 1997 again mrrored those seen in 1994
and 1995 with radiotelenetered fish maintaining their relative position in the
river during peak flows of alnmpost 311 n¥/ sec (11,000 CFS; Figure 10).
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DI SCUSSI ON

Habi t at Use, Needs, and Sel ection

The information gained fromthe stocked razorback sucker has shown that
the San Juan River can provide habitat for subadult and adult life stages and
that habitats used are not always the nost abundant habitat types in the
river. 1In fact, those habitat types that were actively selected by stocked
razorback sucker were often sone of the |east abundant in the river,
especi ally during colder nonths of the year and during periods of high flow
In addition, contacts with radiotel emetered razorback sucker showed that |ike
Col orado pi kem nnow, |owvelocity habitats and habitat-rich areas of the river
are inmportant to razorback sucker. Shifts in habitat richness val ues at
razorback sucker |ocations between cal endar nonths, while not statistically
significant, do appear to have sone biol ogical significance. At present,
there appear to be no limting habitats for subadult and adult razorback
sucker in the San Juan River, at least at the snmall popul ation sizes that now
exi st in the San Juan River. As augnentation of this species continues and
(hopeful l'y) nunmbers of this species in the river increase, limting habitats
(if they exist) may become apparent in the future.

Mean depths at radiotelenetry |ocations generally between 2.0 and 4.0 ft.
deep (Figure 4). Two contacts during July and August with a fish at RM 23.0
(tag nunber 025) represent the only two contacts, during high flows or
ot herwi se, where radiotel enetered razorback sucker used habitats deeper than
7.2 ft. deep. This particular fish was located in an unusually deep area of
the San Juan River, and contact depths were 12.5 ft. deep in July and 20.0 ft.
deep in August. This skewed the nmean depths for July and August to 4.6 and
6.2 feet deep. Wiile this was not particularly representative of the habitat
depths utilized by the other radiotel emetered razorback sucker, one nust
wonder if nore deep water areas such as that at RM 23.0 were available in the
San Juan River, would razorback sucker utilize themnore frequently?

Tenmperatures of selected habitats were the sane as that of adjacent nain
channel habitats in all but three nonths. Two of the nmonths (March and April)
in which radiotel emetered razorback sucker selected habitats warmer than main
channel habitats were during the period of tine in which razorback sucker are
known to spawn. It is likely that razorback sucker seek warmer habitats at
this time of the year in order to prepare for spawning activities.

In all nmonths in which bottom and mean colum vel ocity were recorded at
razor back sucker radiotelenetry |ocations, bottomvelocity was al ways sl ower
t han nean columm velocity. However, nean velocities (both bottom and nean
colum) in all nmonths for which they were recorded were |l ess than 2.0 ft/sec,
i ndi cating that nost radiotel enetered razorback sucker tended to use | ow
vel ocity habitats throughout the najority of the year (Figure 6). In
addition, slower bottomvelocities would provide an area near the river bed
where razorback sucker can swimand feed in | ess turbulent water than that
above them COverall, nean velocities (both bottom and nmean col um) of
utilized habitats remained low (< 2.0 ft/sec) throughout the year, although
during high flows (June), certain individual razorback sucker denonstrated the
ability to utilize very high velocity (over 8.0 ft/sec) main channel run
habi t at .
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Bet ween January and July, razorback sucker use (i.e., select for)
sl ow sl ackwat er habitats far nore than fast water habitats (Figure 11).
During the period of August through Decenber, this trend is al nost conpletely
reversed, with no docunented use of slow sl ackwater habitats by
radi ot el enmetered razorback sucker in August, October, or Novenber. Throughout
the majority of the year, razorback sucker select habitat-rich areas of the
San Juan River, although not as habitat-rich as those that were sel ected by
radi otel emetered wild Col orado pi kem nnow for nonths in which they were
tracked (Figure 3; MIller 1999). 1In all nonths except Cctober, radio-
tel emetered razorback sucker utilized areas of the San Juan River that were
nmore habitat-rich than those used by radiotel emetered wild channel catfish
(Figure 3; Buntjer 1999). The drop in habitat richness values for
radi ot el enmetered razorback sucker correlates strongly with a drop in the
amount of time spent by these fish in lowvelocity habitats (Table 4, Figure

3). In other words, in sumer and fall when water tenperatures are warm
radi ot el enmetered razorback sucker use nore fast water habitat types, and are
found in areas of the river which are less habitat-rich. In winter and spring

(col der water nmonths), they seek areas of greater habitat richness and nmake
greater use of lowvelocity habitats.

During pre-runoff (March and April) razorback sucker use a nunber sl ow
and fast water habitats. The nmean water tenperature for March and Apri
habitats (i.e., warner than the main channel) indicates that razorback sucker
are probably building up heat units in preparation for spawning. During the
ascending |linmb of the hydrograph (May) and the descending |inmb of the
hydrograph (July) razorback sucker sel ect eddies al nbst exclusively, while a
nunber of lowvelocity habitats (edge pool, pool, and inundated vegetati on)
along the river’s margins were selected for during high flows. The selection
of inundated vegetation, a "classic" razorback sucker behavior in the Upper
Basi n, was conspi cuously evident in that this was the nobst sel ected habitat
type anong radiotel emetered razorback sucker during June high flows. June was
the only nonth in which inundated vegetation was avail able to razorback sucker
during our observations. The use of these lowvelocity habitats is likely
associ ated with avoi ding high velocity, turbulent nmain channel flows, as well
as feeding in the productive areas being i nundated along the river’s nargins
as flows increase.

As flows decrease to sumer and fall base-flows razorback sucker nove to
| ess habitat-rich areas of the river and into the main channel runs to feed
al nost round the clock. Velocities in the main channel runs during these
base-fl ow nonths are conparatively low, thus allow ng razorback sucker to feed
while not fighting high velocities. Available habitat richness in the San
Juan River is also |lowest during these base-fl ow periods, forcing razorback
sucker into less habitat-rich areas.

I n Novenber, even though radiotel enetered razorback sucker were still
sel ecting exclusively main channel runs, they were noving to nore habitat-rich
areas of the river. The npbst probable explanation for this is that Novenber
represents the last nmonth of the cal endar year before nmain channel water
tenperatures begin to drop substantially, and winter-1ike conditions begin to

i nfl uence razorback sucker habitat use. So, razorback sucker are still in the
mai n channel runs feeding, but are starting to nove to areas of the river that
will provide themthe types of lowvelocity habitats and habitat richness that

they will need during the wi nter nonths.
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During wi nter base-flow nonths, edge pools were the nost-sel ected habitat
(in fact the only selected habitat in January), although eddies and main
channel runs were al so used. Edge pools are a vitally inportant habitat type
to razorback sucker during winter |owflow periods, regardl ess of flows from
Navaj o Reservoir. Because of high flows in the Animas River throughout the
wi nter of 1996-1997, flows in the San Juan River downstream of the Aninmas
Ri ver confluence nore closely resenbled a “normal” wi nter base fl ow period
than they did during the January 1996 250-CFS research flow. January 1996 was
the only tine a true “lowflow was seen in the San Juan River downriver of
the Animas River confluence during this study. Regardless, no dramatic
changes in habitat use were observed between the two 250-CFS “| ow fl ow’
peri ods during January 1996 and wi nter 1996-1997. Radi o-tagged razorback
sucker showed little to no response to the two-week, 250-CFS rel eases from
Navaj o Reservoir in January 1996. So, at least for linmted amounts of tine,
very low winter flows have no observable detrinental effect on |arger size-
cl ass razorback sucker.

Al t hough very few habitat types were selected during the winter, habitat
ri chness at razorback sucker |ocations was relatively high, indicating the use
of conplex areas of the river. During Decenber’s radio telenetry contacts,
use of main channel runs during the warnest periods of the day was possibly
due to feeding behavior. Slight weight increases of a few recaptured
razorback sucker between fall 1994 and spring 1995 seemto indicate sone
wintertine feeding. As the weather continues to cool into January, feeding
behavi or woul d, presumably, tail off to a mininum The exclusive use of edge
pool habitats in January radio contacts (consistently the coldest nonth of the
year during this study) seems to support the idea that there was little or no
activity (and probably no feeding) occurring during the col dest parts of the
winter. Data collected in January 1996 and the wi nter of 1996-1997 appear to
i ndicate that there nay be a threshold tenperature between 0.0 and 3. 0°C t hat
determnes the shift in razorback sucker habitat use from main channel runs to
| ower velocity edge pools (Decenber, January, and February) and eddies
(February). It also appears that turbidity may play an inportant role in
habi tat sel ection, because radiotel emetered razorback sucker used deeper
habitats when the water was clear, probably for cover.

Comparison Wth Habitat Use In her Upper Colorado River Basin Rivers

Conparing habitat selection of stocked razorback sucker in the San Juan
River with data fromw ld fish in previous studies on other UCRB rivers is
conplicated by several factors. First, previous UCRB studies tended to
concentrate on a specific functional period (i.e., spawning, “overwintering”),
often several nonths |long, then conbined habitat use data across all nonths
i nstead of presenting by-nonth values. Second, data are presented as habitat
use and not habitat selection. Third, the San Juan River is in many ways a
very uni que river when conpared to other UCRB rivers. The San Juan River is,
physically, a much smaller river than other UCRB rivers in which popul ations
of razorback sucker are found. The San Juan River is generally |ess w de,
shal | ower, and steeper than other UCRB rivers. The San Juan River has a
relatively small nunber of backwaters conpared to the Col orado and G een
rivers. The San Juan River does not formflooded bottom and areas or have

47



gravel pits along its length that are subject to seasonal flooding as do other
UCRB rivers. |In addition, the San Juan River is less prone to winter icing
events than river farther north such as the G een and Yanpa. Lastly, the
habi t at designations used in other studies, while close to the same, are not
al ways conpletely reflective of, or interchangeable with, our habitat

desi gnat i ons.

Fol I owi ng are descriptions, by river and study, of razorback sucker
habitat use fromother area of the Colorado R ver Basin. Conparisons are nade
where this information is applicable to this study. Only information on
riverine habitat use is included.

Year - Round- - The “15-nmile reach” and “18-nile reach” of the Col orado River
near Grand Junction, CO (Gsnundson and Kaedi ng 1989, Gsnundson et al. 1995):
In March, razorback sucker used nostly pools and eddies (70% of the tinme,
conbi ned), followed by runs (20%, and backwaters (10%. Mean depth at
contact locations in March was 6.1 ft. Mean colum velocities recorded at
razorback sucker locations in the Col orado R ver by Gsnundson and Kaedi ng
(1989) tended to be slow (i.e., < 0.96ft/sec) in all nonths, and were al ways
less than 2.0 ft/sec with exception of a small percentage of contacts in Muy.

In April, razorback sucker again used nostly pools (66.7%, followed by runs
(16.7%, and backwaters (16.7% . Mean depth at April contact |ocations was
6.2 ft. In My, razorback sucker used runs and backwaters equally (45.5%

each), followed by “shoreline” habitats (9.09%. Mean habitat depth was 3.0
ft. in May. My was the first of only three consecutive nonth in which these
“shoreline” habitats were used. In June, gravel pits (43% and backwaters
(28.5% were the nost widely used habitats (71.5%, followed by pools and
eddi es combi ned (21.4% and shoreline habitats (7.14% . This is the only
month in which gravel pits were avail able to, and used by, razorback sucker
during these studies. Mean water depth at June locations was 3.3 ft. During
July, razorback sucker used backwaters nost often (35.7%, followed by runs
and riffles conbined (35.7%, pools (21.4% and shoreline habitats (7.14%.
July was the only nonth that riffles were a used habitat and the | ast nonth
that shoreline habitats would be used. Mean habitat depth in July was 4.1 ft.
Duri ng August, only two habitat types were used, pools (66.7% and runs
(33.3%9. Mean habitat depth in August was 5.4 ft. |n Septenber, runs
accounted for fully 75.0% of the habitats used, foll owed by pools and eddies
conbi ned (25.0% . Septenber nmean habitat depth was 5.5 ft. Like August, only
two habitats were used in Cctober, runs (57.1% and pool (42.9%. Mean
habitat depth was 5.5 ft. in Cctober. 1In Novenber, the only habitat used was
pools (100.0%. Mean habitat depth in Novenber was 6.4 ft. |n Decenber
razorback sucker used nostly pools and eddi es conbi ned (83.3% followed by
runs (16.7% . Mean water depth in Decenber was 7.2 ft. Like Decenber, in
January pool s and eddi es conbi ned were used nuch nore (81.8% than runs
(18.2% . Mean water depth in January was 6.4 ft. Lastly, in February, pools
and eddi es conbi ned and runs were used equally (50.0% each). Mean water depth
in February was 6.8 ft.

During these studies, razorback sucker displayed many differences in
habitat use, like utilizing backwaters and fl ooded gravel pits (not found on
the San Juan River) and using nunerous |lowvelocity habitats during the sumer
and fall base-flow periods. However, the use of nostly runs in Septenber and
the use of nostly lowvelocity habitats during the cold nonths of Decenber and
January are very much |ike the behaviors displayed by San Juan River razorback
sucker. In general, water velocities at contact locations in both the
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Col orado and San Juan rivers were | ow year-round (nean colum < 2.0 ft/sec).
Not surprisingly, mean habitat depth year-round tended to be deeper on the

Col orado than on the San Juan River. Interestingly though, nean habitat depth
at razorback sucker locations in the Col orado River was shall owest in Muy-
July. Mean habitat depth during these same nonths in the San Juan River were
among t he deepest observed. GOsmundson and Kaedi ng (1989) stated that

razor back sucker displayed a strong preference for deep water sites,
particularly sites > 6.0 ft. deep. Lowvelocity habitats deeper than 6.0 ft.
are scarce in the San Juan River, especially during sumer to wi nter base-fl ow
peri ods.

January to March--Col orado River, 4.8 niles downstream of Hoover Dam AZ-
NV (Miel l er 1989): Between 28 January and 11 March 1984, spawni ng razorback
sucker were observed in riverine habitat. Habitat was a main channel -
backwater interface at the nouth of a dry wash. Substrate was scoured sands
and gravels. Habitat depths at this site ranged from3.9-6.6 ft. and
velocities (“nose velocities” = 100 nm above substrate) ranged from0.0-1.2
ft/sec.

May- - Lower Yanpa River, just upstream of confluence with the G een R ver,
CO (McAda and Wdoski 1980): In My 1975, spawning razorback sucker were
col l ected over predomi nately cobble substrates. The depth at these collection
sites ranged from2.3-3.3 ft., tenperatures ranged from 7-16°C, and vel ocities
ranged from2.9-3.1 ft/sec. Five razorback sucker were nonitored via sonic
telemetry in May 1975. The first was usually always found in quiet water near
shore, but was twice detected in relatively swift, shallow water on the outer
edge of a gravel bar at the confluence of the Green and Yanpa rivers, simlar
to the nearby spawning areas. This site was shallow (about 1 ft. deep), and
water velocity varied from1.4-2.6 ft/sec. The other four fish were always
contacted in quiet water habitats.

Spring to July--Geen and Duchesne rivers, UT (Tyus 1987): Ri pe razorback
sucker in main channel habitats were usually collected over coarse sand
substrates, but occasionally over near gravel and cobble bars between 10 May
and 14 June in 1984 and 1986. Tenperatures at these collection sites ranged
from 10-18°C. Ri pe razorback sucker were also collected in fl ooded bottomn and
habitat in the Green R ver between 18 and 28 May 1986 over sand and silt
substrates. The tenperatures at these collection sites ranged from 17-19°C

CQut si de of the spawni ng season, radiotelenmetered fish occupied habitats
with a mean nonthly depth of 4.9 ft. and nmean velocity of 1.0 ft/sec in 1980
(n =1) and a nmean nonthly depth of 4.3 ft. and nean velocity of 1.3 ft/sec in
1985 (n = 5). These habitats had a range of depths from2.0-11.2 ft. deep
These tel emetered fish usually occupi ed near shore runs in the spring and
m dchannel sand bars in sumer (all radiotelenetered fish were |ocated over
t hese nmidchannel features in July). Mdchannel bars were rmade of coarse
shifting sands and were usually less than 6.5 ft. deep, with nmean velocities
of 1.6 ft/sec.

Li ke Green River razorback sucker, San Juan River fish used sone near
shore runs in the spring. However, San Juan River razorback sucker apparently
al so used nuch nore lowvelocity habitat than did Geen River fish during this
time of the year. Likew se, the use of mdchannel bars is consistent with the
use of main channel run habitats by San Juan R ver razorback sucker in August
t hrough Cctober, but not in July. As was seen with razorback sucker in the
Col orado River, Green River razorback sucker tended to occupy deeper habitats,
overal |l than did San Juan River fish
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April to June--Geen and Yanpa rivers, CO and UT (Tyus and Karp 1990):

Ri pe razorback sucker, collected between 20 April and 14 June over seven
separate years (between 1981 and 1989) were usually captured in runs

associ ated with cobble, gravel and sand substrates. Mean depth of these bars
was 2.0 ft. and nean water velocity was 2.4 ft/sec. Spawning took place on
the ascending Iinb of the hydrograph at nmean tenperatures of 13.8°C (range =
10.5-16.0°C) in the Yanpa and 14.1°C (range = 9.0-17.0°C) in the G een R ver.
Ri pe fenmale fish were collected over an average of 27 days (range = 24-28
days) and ripe nmal es over 34 days (range = 26-41 days).

Habi tat use data fromthe G een and Yanpa rivers concentrates heavily on
| arge spawning adults (as does that of Mieller {1989}). Unfortunately, the
razor back sucker used in the San Juan River did not begin to show spawni ng-

i ke behaviors until 1997, the very last year of this study (see Chapter 3 for
results). As was detailed in the result of this study, there is apparently a
shift in habitat use during the pre-runoff and runoff period when razorback
sucker mature and start to denonstrate spawning behavior. Consequently the
Green River data, while quite good, is not directly conparable to the large
majority of habitat selection data presented here.

Late July to August--Green River in Canyonlands National Park, UT (Foster
and Mieller 1999): Razorback sucker were stocked in the Green River and
tracked during late July and August 1998. About half (52% of the contacts
with radiotelemetered fish during this study occurred in main channe
habitats, with the others occurring in “near shore” habitats (37% and “eddy
pool s” (11%.

These data are sonewhat in contrast to San Juan River razorback sucker
that sel ected ni dchannel main channel habitats 100% of the time in August.

Wnter--Geen River below Flaning Gorge Dam UT (Val dez and Masslich
1989, Valdez 1994): WId razorback sucker were tagged and tracked in the
Green River during “overw ntering periods” (Cctober to March) between 1986 and
1988. Mean depth at Green River razorback sucker locations was 2.0 ft. and
nean velocity was 1.1 ft/sec or less. Geen R ver razorback sucker used | ow
velocity slow runs, slackwaters (essentially the sane habitat as edge pool in
this study), and eddi es throughout overwi ntering periods. Additionally, the
majority of Geen River razorback sucker nade only |ocalized novenents,
remaining in one to three-nmile river reaches.

This data, probably nore than any other data set on wild razorback sucker
in the UCRB matches nicely with observati ons made for San Juan River razorback
sucker. The major differences in these two data sets would be the presence of
| arge anobunts of ice cover present throughout the Geen River studies (al nost
compl etely absent in the San Juan River) and the fact that San Juan River
razorback sucker wintertinme novements were even nore |ocalized than those of
G een River fish.

Site Preference

Wil e the three razorback sucker recaptures at or near RM 38.6 did not
occur in close proximty (i.e., within several ft. or yards) to each other, it
is intriguing that they all occurred very close to what is a fairly
di stinctive geonorphic feature for this particular section of the river.
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Backwat ers, especially |arge, pernanent backwaters are all but non-existent in
t he canyon-bound reaches of the river downstream of RM 68.0.

It is assuned that the aggregation of ripe razorback sucker at RM 100. 2
i ndi cates a spawni ng aggregati on (see Chapter 3). Only further nonitoring
will tell whether this particular site is preferred and will be used again in
future spawning efforts. This is the first docunented aggregati on of
razor back sucker in spawning condition ever in the San Juan River.

Al 't hough razorback sucker collected in and near the backwater/secondary
channel at RM77.3 were collected after the data collection period for the
razorback sucker experinental stocking study was over and are not included in
any other analyses for this report, they are included in this section, because
they have direct bearing on this objective. Like the backwater at RM 38. 6,

t he backwat er/ secondary channel at RM77.3 is a large, feature that retains
water in it during all but the | owest flows.

To date, these are the only three sites in the San Juan River that have
been docunented to be used either by nunerous razorback sucker at the same
time, or by different individuals over time. Only further nonitoring will be
able to prove or disprove if these particular sites are indeed preferred sites
for razorback sucker

Movement Patterns

Mean FD values for all groups of radiotel emetered razorback sucker were
| ess than both nean TLM and mean MD, indicating that stocked razorback sucker
experience an initial period of downstream di spl acenent |asting several weeks
to several nonths. This sanme phenonenon was observed anmong new y-stocked
razor back sucker in other studies as well (Hendrickson 1993, Burdi ck and Bonar
1997, Foster and Mueller 1999). After initial downstream displacenents,
foll owed by a period of stocked razorback sucker nmaintaining their relative
position in the river, several radiotel emetered razorback sucker have nade
upstream nmovenents. Several PlIT-tagged razorback sucker have al so nade
upstream novenents after initially being recaptured downstream of their
original stocking location. Coupled with the relatively short distance
novenents made by the razorback sucker (tag nunber 475) captured in Lake
Powel | after it was restocked in the river, it appears that after an initial
adj ust nent period, stocked razorback sucker can maintain their position in the
river, even the | ower canyon-bound sections, during high water events without
bei ng swept into Lake Powel |, and can and do nove freely throughout the San
Juan River. It appears that post-stocking displacenents of razorback sucker
despite their size at stocking or the season in which they are stocked (spring
or fall), are due as much or nore to acclimation to a riverine environnent as
to di spl acenent by fl ows.

Wi | e razorback sucker stocked at RM 79.6 and 136.6 have the snaller
di spl acenent val ues than fish stocked at the other sites, the documented
novenent of the razorback sucker stocked at RM 79.6 into Lake Powel | shows
that the individuals fromstocking sites farther downstreamthat have very
| arge downstream di spl acenents stand a greater chance of |eaving the river
al together. Thus, even though the MD values for fish stocked at RM 158. 6
are largest (larger than RM79.6 by 20.3 RM, it would still appear wi sest to
stock fish at this npbst upstreamsite, giving stocked razorback sucker the
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maxi mum amount of river (79.0 nore RM upstream of Lake Powell than at RM 79. 6)
in which to disperse and adapt.

A concern when assessing behavior, habitat use, and other factors by
observing hatchery-reared, radio-inplanted fish is that their behaviors nay
not necessarily be representative of the other stocked fish. It was assuned
at the beginning of the experinental stocking study that radio-inplanted fish
woul d have | arger downstream novenents than Pl T-tagged fish. The reason for
this assunption was that surgical inplantation of radio tags tends to be a
very traumatic process for fish, nuch nore so than the sinple insertion of a
PIT tag. In addition, fish that were inplanted with a radio transnmitter were
also inplanted with a PIT tag as well. Thus, these fish were initially rmuch
nore traumatized than were fish that were only PIT-tagged. As it turned out,
even though the MD val ues for PIT-tagged razorback sucker were | ower than
those for radio-tagged fish, the difference was not statistically significant.
Thus, at least in this one aspect, the behaviors displayed by radiotel enetered
razorback sucker appear to be representative of all stocked razorback sucker.

Anot her concern when initiating a stocking programfor any fish species
is what size of fish to stock. As has been denonstrated through ot her
studi es, stocking razorback sucker that are too young and physically very
smal | has been unsuccessful (see Objective 2). Likew se, stocking razorback
sucker that are too old and domesticated to pond or hatchery settings is also
unsuccessful . During experinental stocking of razorback sucker in the San
Juan River, two very distinct size classes of razorback sucker were stocked
young juveniles (i.e., those that were < 351mm TL) and | arge subadul t/adul t
fish (i.e., those > 350 nm TL). For both radiotel enetered and PI T-tagged
razorback sucker conbined, based on MD val ues, young age cl ass razorback
sucker (n = 19) noved significantly | ess post-stocking than did subadul t/adult
razorback sucker (n = 65; P = 0.00; 95%Cl).

A basi c assunption anong researchers is that wild razorback sucker are
able to performin natural conditions better than hatchery-reared razorback
sucker. Assuming this is so, the |ong-distance upstream novenent made by a
hat chery-reared razorback sucker (radio tag nunber 499; Table 3, Figure 10)
| ends credence to the idea that wild razorback sucker occupying the San Juan
River in UWah (both historically and recently) could, and probably did, enter
the mai nstem San Juan and Animas Rivers in Col orado and New Mexico as is
related in various anecdotal reports (Jordan 1891, Koster 1960; L. Ahlm pers.
comm in Ryden 1997).

QO her upstream nmovenments observed during our study, while not as |ong,
are equally inportant in addressing issues facing future reintroduction
efforts for razorback sucker in the San Juan River. At the beginning of this
experinmental stocking study, it was feared that once stocked razorback sucker
noved downstreamas far as RM 68 (i.e., where the river beconmes canyon-bound
for its duration) that they would be swept into Lake Powell. The docunented
novenent of a stocked fish into Lake Powell proves that at |east sone of the
razor back sucker stocked in downstream | ocations, such as RM 79.6, are goi ng
to nmove into Lake Powel |, especially during high flow events. However,
nmovenent s of several razorback sucker that were not directly associated with
our study prove that even if stocked razorback sucker do nove into Lake
Powel I, they can nove back upstreaminto the San Juan River, if the waterfal
at RM0.0 is not present. dven these observed upstream novenents by stocked
fish, the documented occurrences of wild razorback sucker at Piute Farns
Marina (RM 0.0) in 1987 and 1988 (Platania 1990, Platania et al. 1991), and
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the general lack of wild razorback sucker captures in the San Juan River

bet ween 1987 and 1993, one wonders if the razorback sucker (a 571 nm TL ri pe,
mal e) collected near Bluff, UT on 25 April 1988 (Platania 1990, Platania et
al. 1991) was an individual that had noved upstreamfromthe Piute Farns area
of Lake Powel I .

CONCLUSI ONS/ MANAGEMENT | MPLI CATI ONS

< Study Objective net? Yes

< Habi tats being actively selected for by radiotel enetered razorback
sucker are sone of the nore rare habitat types (percentage-w se) in the
San Juan River (i.e., edge pools, eddies, pools, backwaters)
< However, at present, there appear to be no liniting habitat types
for stocked subadult and adult razorback sucker in the San Juan
River, at least at the | ow nunbers present in the river

< General characteristics of selected habitats
< Mean depths at radiotelenmetry |ocations were between 2.0 and 4.0
ft (0.6-1.2 m deep)
< Tenperatures at radiotelenmetry |ocations were sanme as in adjacent
mai n channel in eight of eleven nonths fish were tracked
< March and April (i.e., pre-spawning) habitats were warmer
t han adj acent mai n channe
< Mean vel ocities (bottom and nean colum) were less than 2.0 ft/sec
(0.6 nfsec)
< Bet ween January and July radiotel enetered razorback sucker sel ected

sl ow sl ackwat er habitat in habitat-rich areas of the San Juan River

< Bet ween August and Cct ober radiotel enetered razorback sucker sel ected
m d- channel, main channel runs in areas of the San Juan River with
relatively |l ow habitat richness

< Novenber was a transition nonth with radi otel enmetered razorback sucker
still selecting main channel runs, but nmoving to nore habitat-rich areas
of the river

< There appears to be a threshold tenperature between 0.0° and 3. 0°C t hat
determ nes the shift in razorback sucker habitat use from main channel
runs to lower velocity habitats (i.e., edge pools and eddies)

< During radiotelemetry contacts where turbidity was | ow razorback sucker
used deeper habitats, probably as cover

< Three possible preferred sites have been identified at RM 100.2, 77.3,
and 38.6

< St ocked razorback sucker experience an initial period of downstream

di spl acement | asting several weeks to several nonths after stocking
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After initial displacenments, stocked razorback sucker are able to
maintain their relative position in the river even during high flow
events

Razor back sucker stocked at RM 136.6 and 79.6 had the snall est nmaxi num
di spl acement (MD) val ues

At | east some of the razorback sucker stocked as far downstream as the

Bl uff stocking site are noving downstreaminto Lake Powel |

< Recaptured and soni c-tagged razorback sucker prove that these fish
will also nove upstream from Lake Powel|l to the San Juan River

Behavi ors di spl ayed by radi otel emetered razorback sucker appear to be
representative of all stocked razorback sucker

Young juvenil e razorback sucker (< 351 mm TL) noved significantly |ess
post - st ocki ng than did subadult/adult (> 350 mm TL) razorback sucker

Upstream novenents nmade by stocked razorback sucker |end credence to the

anecdotal reports of wild razorback sucker in the San Juan and Ani nas
river in New Mexico, despite the lack of historic collections
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CHAPTER 2: SURVI VAL AND GROMH OF
STOCKED RAZORBACK SUCKER

< hj ective 2: Determine survival rates and growh rates of hatchery-
reared, known-age razorback sucker in the wild

METHODS

Survival of stocked razorback sucker was determ ned from radi ot el enetered
fish that could be confirmed as being alive and noving at time of |ast contact
and by recaptured fish. |In order to be considered alive, a radiotel enetered
fish must have been contacted upstream of the |last contact, be observed
actively moving against the current during a contact, or (if sedentary) be
di sturbed and actively nove fromits position in the river at the end of a
contact period. Gowh was deternmined from nmeasurenents of recaptured fish.

RESULTS
Sur vi val
Radi o- Tagged Razorback Sucker

O the 57 radiotel emetered razorback sucker stocked during this study,
only two (3.5% were confirned to be nortalities (Tables 9-12). On 15 June
1994, one nortality was confirmed when a six-nmonth |ifespan radio tag (nunmber
739) was recovered at RM 116.7 (Table 9). This particular fish had been
stocked at RM 136.6 on 30 March 1994 (TL = 289 m). After an initia
downstream di spl acenent of 19.9 nmles (to RM116.7 on 13 My), this fish was
contacted at RM 116.9 on 25 May, having noved upstream 0.2 RM The next
contact with this fish was on 15 June 1994 when the tag was recovered on | and
in a coyote (Canis latrans) scat near the river's edge. It is assuned that
t he coyote scavenged the dead fish fromthe river’s edge and consumned the
carcass and tag. The second nortality was confirned on 12 June 1995 when a
24-month lifespan radio tag (again, ironically, nunbered 739) was recovered at
RM 70.4 (Table 10). This fish was stocked at RM 79.6 on 27 COctober 1994 (TL =
388 nmm). It was verified as being alive and actively noving as late as 10
April 1995 at RM 70.5. However, the tag was recovered at RM 70.4, on | and
under a large rock near the river, on 12 June 1995, in a wood rat (Neotonan
spp.) nest. This fish may have been in poor health and noved into shall ow
water where it was actively captured or scavenged by an aninal (e.g., raccoon
{Procyon lotor}, coyote, wood rat, or bird). The radio tag was then
apparently drug under the rock by the wood rat, exclusive of the fish's
car cass.
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Two additional radiotelenetered fish (3.5% nay have either been
nortalities or may have expelled their radio tags (Table 9). The first (tag
nunber 808, six-nmonth |ifespan) was stocked at RM 79.6 on 29 March 1994 (TL =
306 mmM. This fish was contacted and confirmed to be alive at RM79.6 on 15
April. 1t was contacted twice during the runoff period, both tines at RM
73.9. On 6 June the signal fromthis tag was | ocated near the river |eft
shoreline in a lowvelocity area, and the fish nmay have i ndeed been dead or
the tag expelled at this tinme. On 1 August, the final contact with this tag,
it was in the exact sane area as the contact on 6 June. However, receding
flows had left this area approximately two feet fromthe river left shoreline
i n about six inches of very clear water. Attenpts to recover this tag were
unsuccessful. The nuffled signal fromthe tag, even very close to its source
indicated that it was buried, probably fairly deep in the sand substrate. The
second fish that was a possible nortality (tag nunber 599) was stocked at RM
117.5 on 29 March 1994 (TL = 252 nm. It was contacted at RM 112.0 on 14
April and ascertained to be alive and noving. However, subsequent contacts
(on 14 May, 8 June, and 9 August 1994) failed to show any novenents by this
tag. Throughout these last three contacts the tag was located in a large
swift rapid, behind the sane rock. Unfortunately efforts to recover the tag
failed due to the depth and swi ftness of the water.

Pl T- Tagged Razor back Sucker

One PIT-tagged razorback sucker (408 nm TL) recaptured near MNontezunma
Creek, UT in Cctober 1995 had what appeared to be a large bite nmark (scarred
over), approximately 130 mm wi de, on both sides of its back, straddling the
dorsal keel. Several researchers present agreed that this appeared to be a
bite scar froma channel catfish nmouth. This fish had been previously
captured in May 1995 and had shown no evidence of a bite mark or simlar wound
at that tine. The fish had not grown since the May capture (Table 3), so the
approxi mate size of the bite mark was probably very close to the size of the
original wound and not an artifact of being stretched through growh of the
fish's skin.

Conbi ned

Fifty-four individual razorback sucker of known-origin (those for which a
PIT tag nunber was obtained) were collected between 9 March 1995 and 5 Cct ober
1997. O these, 49 were collected during adult fish comunity nonitoring
(electrofishing) trips (31 in May, 4 in August, and 14 in Cctober), two on
channel catfish renoval (electrofishing) trips, one during a radi o-tracking
trip (by seine), and one during Lake Powel| razorback sucker surveys (trammel -
netting). Seasonal breakdowns of these collections show that two were
recaptured in March (one by tranmel net, one by seine), three in April (all by
electrofishing), 31 in May (all by electrofishing), four in August (all by
el ectrofishing), and 14 in Cctober (all by electrofishing).

Al five of the unknown-origin recaptures (no PIT tag nunber obtai ned)
were col lected by electrofishing. Three of these were collected on a channe
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catfish removal trip in April and two on May adult fish conmunity trips. The
five known-origin fish that were recaptured a second tine were all collected
via electrofishing on adult fish comunity nmonitoring trips, three on May
trips and two on Cctober trips.

As of October 1997, at |least 54 (5.8% of the 939 razorback sucker
stocked as part of the experinental stocking study have been recaptured. This
nunber nmay be as high as 59 (6.3% if the five razorback sucker for which no
PIT tag number was obtained were different individuals fromthe other 54
recaptures. Twenty-seven of the recaptures of known-origin fish (i.e., those
for which a PIT tag nunber was obtained) occurred in 1995, 17 in 1996 and 10
in 1997. O these, 48 had originally been stocked in 1994, three in 1995 and
three in 1996. Stocking sites deternmined for these 54 known-origin fish show
that 19 were originally stocked at RM 158.6, 17 at RM 136.6, 8 at RM 117.5
and 10 at RM79.6 (Figure 12). This represents at least a 4.5% recapture rate
for fish stocked at RM 158.6, 9.7% for fish stocked at RM 136.6, 4.6%for fish
stocked at RM 117.5, and 5.8% for fish stocked at RM 79.6. However, given the
| arge downstream di spl acenents observed in newy stocked razorback sucker
(Figures 7-10), as well as the very different survival ratios between snall
and | arge fish, the particular stocking |ocation seens to have less to do with
survival after stocking than does a fish’'s size at the tine of stocking
Fifty of the 54 razorback sucker recaptures of known-origin were fish that had
been reared at Wahweap. The other four known-origin recaptured razorback
sucker were fish that had been reared at Quray. Five individuals (all reared
at Wahweap) have been recaptured twice. O the 54 known-origin recaptures, 41
(75.9% cane froma single stocking (stocking nunber 4 in Table 1) on 18
Novenber 1994, a 23.2%recapture rate for razorback sucker fromthis
particul ar stocking.

Bet ween 1995 and 1997, PIT-tagged razorback sucker, which are harder to
nmoni tor for survival than radiotelenetered fish, had a recapture rate of 5.2%
(46 of 882 fish). This rate may be as high as 4.8%if the five unknown-origin
fish captured between 1995 and 1997 were different individuals fromthe other
recaptured razorback sucker. This recapture rate indicates a fairly high
survival rate anong Pl T-tagged fish. Radiotelenetered fish had a rmuch higher
recapture rate, 14.0% (8 of 57 fish), and radiotelenetry contacts at tinme of
| ast contact indicate that these survival rates for radiotelemetered fish are
probably hi gher than 14.0%

Forty-six (85.2% of the 54 known-origin recaptures canme from groups of
stocked fish that had a nean TL of 400 mmor greater at the time of stocking
(i.e., fromstocking nunbers 2, 4, and 7 in Table 1). These 46 fish had a
mean TL of 405 nm (range = 364-442 nm TL) at the tine of stocking. In
addition, the razorback sucker stocked into Lake Powell on 8 August 1995 (417
mnm TL) and recaptured at RM 58.0 on 21 May 1996 cane from a group of fish
(stocking nunber 5 in Table 1) that was greater than 400 mMmm TL at the tinme of
stocking. Recapture rates for fish fromstocking nunbers 2 (12.5%, 4
(23.2%, and 7 (18.8%, all stockings in which the nean TL of stocked fish was
400 mm or greater, were considerably higher than those for stockings nunmbers 1
(6.7%, 3 (0.8%, and 9 (1.3% Table 1).

The eight renmi ning known-origin fish (14.8% of the 54 known-origin
recaptures) canme fromgroups of stocked fish that had a nean TL of |ess than
400 mmat the time of stocking (i.e., fromstocking nunbers 1, 3, and 9 in
Table 1). These eight fish had a nean TL of 320 nm (range = 223-403 mm TL) at
the time of stocking. Seven of these eight fish were larger than the nmean TL
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for the group of fish in which they were stocked. The one exception (251 mm
TL at the time of its stocking) was the smallest of the fifteen fish stocked
on 29 and 30 March 1994,

O the 54 known-origin recaptured razorback sucker, 47 (87.0% are
progeny of a single paired mating, family lot 2A (Figure 12). Fish fromthis
famly lot conprised 33.1% of all razorback sucker stocked in the San Juan
Ri ver between 1994 and 1996 (Table 13). O the other six known-origin
recaptures, two (3.7% were family lot 1A three (5.6% fromfanily lot 2B
and two (3.7% fromundetermined famly lots. The two fish from undetermn ned
famly lots were anong nmany fish that were Pl T-tagged when fanily lots were
being held in separate tanks in the hatchery and subsequently expelled their
PIT tag after fish fromall family lots were placed together in a comon
hol di ng pond at Quray. The fact that these fish lost their PIT tags after this
m xing of family lots occurred nade it inpossible to deternmine the famly
ot fromwhich they originated. These fish were inplanted with another PIT
tag before their release into the wild

It appears that in the San Juan River, razorback sucker stocked at 350 mm
TL (or larger) survive better (based on recapture data) than smaller size
cl ass razorback sucker (Table 14). Razorback sucker |arger than 350 nm TL at
time of stocking (31.7% of the 939 stocked fish; n = 298) accounted for 49
(90.7% of the 54 known-origin recaptures. Taken a step further, razorback
sucker that were larger than 400 nm TL at tine of stocking (13.7% of the 939
stocked fish; n = 129) accounted for 32 (59.2% of the 54 known-origin
recapt ures.

G owt h

Measurenents of recaptured razorback sucker indicate that for up to 400
days after stocking, nost fish | ost weight (Figure 13). However, the percent
of body weight |ost by stocked fish was relatively small (Figure 14). Wi ght
gai n observed in recaptured fish after 400 days was highly variable (Figure
13), but the trend was positive (Figure 14). It was not until approxi mately
800 days post-stocking that recaptured razorback sucker showed |large gains in
wei ght (Figures 13 and 14).

Li ke weight, marked increases in TL anong stocked razorback sucker were
not apparent until sonetinme after 400 days post-stocking (Figures 13 and 14).
Sevent een individual razorback sucker (348-442 mm TL at tine of stocking)
recaptured from 13-325 days after stocking had not increased in TL at all
Overall, growh anmong stocked razorback sucker appears to be highly variable.
In the nost dramatic exanple, a recaptured nal e razorback sucker, stocked in
March 1994 and recaptured in August and again in Cctober 1997 had doubled in
length, from251 to 502 mm TL (a 100% i ncrease; 0.20 mm TL growth per day in
the river), and had increased in weight, from185 to 1300 grams (a 703%

i ncrease), in weight in 1283 days (Table 3, Figures 13 and 14). Gowh rates
for two other razorback sucker, stocked on 18 Novenber 1994 and recaptured one
day apart in Cctober 1997, were |less dramatic, but still very different from
one another. The first had increased in length, from442 to 471 nmTL (a 7%
increase), in 1051 days in the river. No weight was taken for this fish at
stocki ng due to equipnent failure, so weight conparisons could not be done.
The second had increased in length, from396 to 536 nm TL (a 35% i ncrease),
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Table 13.

Information on 1992 paired matings between adult

razorback sucker collected from Piute Farms Marina in
the San Juan River Arm of Lake Powell.
ragorback sucker stocked into the San Juan River
between 1994 and 1996 were progeny of these 1992
paired matings.

All 939

Number of Progeny
From Each Family

Mean Total

Length (mm)

PIT Tag Number Family Lot Stocked Between of Fish at
Female Male Lot 1994 and 1996 Stocking
7F7F187B63 7F7D055802 1A 206 232
7F7F187B63 7F7E605000 1B 0
7F7F187B63 7F7F365964 1c 59 304
7F7F187B63 7F7F365C29 iD 0
7F7F187B63 7F7F366926 1E 0
7TF7F19036C 7F7D055802 2A 311 339
7F7F19036C 7F7E605000 2B 55 332
7F7F36275F 7F7D055802 3A 121 257
TF7F36275F 7F7E605000 33 0
7TF7F36275F 7F7F366926 3E 32 331
7F7E36634D 7F7F366926 4E 0
Unknown Unknown ?? 155 176
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Table 14. Breakdowns, by size-class, of the 939 razorback sucker
stocked into the San Juan River between 1994 and 1996.

Total : Of 54 Known-Origin
Length Of 939 Stocked Fish Recaptures

In Percent of Total Total Percent of Total Total
Milli- Represented By Number Represented By Number
meters This Size-Class Stocked This Size-Class  Caught

< 50 0.0% 0 0.0% 0
51-100 0.1% 1 0.0% 0
101-150 13.4% 126 0.0% ’ 0
151-200 18.4% 173 0.0% 0
201-250 14.0% 131 3.7% 2
251-300 7.9% 74 - 1.9% 1
301-350 14.5% 136 3.7% 2
351-400 18.0% 169 31.5% 17
401-450 13.6% 128 59.2% 32

>451 : 0.1% 1 0.0% 0
Totals 100.0% 939 ) 100.0% 54
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represents the power regression for change over time in total
length values, while the dashed sloping line represents the power
regression for change over time in weight values. Solid vertical '
lines divide days after stocking into one-year intervals.
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Figure 14. Percent change in total length (TL) and weight (WT) observed in
razorback sucker recaptured between 1995 and 1997. The solid
sloping line represents the trend over time for change in TL
values, while the dashed sloping line represents the trend over
time for change in WT values.
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and had increased in weight from®660 to 1760 granms (a 167% i ncrease), in 1052
days in the river (Table 3, Figures 13 and 14).

Whi l e much | ess nunmerous (n = 6 recapture events), recaptured razorback
sucker that were originally stocked at snaller sizes (< 351 nm TL) increased
in TL over three tines faster (nean of 0.10 mm TL growth per day in the river)
than did recaptured fish originally stocked at |larger sizes (> 350 mm TL; n =
54; mean of 0.03 mm TL growth per day in the river; Table 15). Virtually no
difference in growth rates (i.e., increase in TL) could be di scerned between
recaptured razorback sucker known to be females (0.04 mm TL growth per day in
the river; n = 10 recapture events; nean TL at stocking = 409 mm) and
recaptured razorback sucker known to be males (0.03 mm TL growth per day in
the river; n = 30 recapture events; nean TL at stocking = 396 mm Table 14).

Gowh information from 23 individual razorback sucker stocked in the
fall (27 Septenmber or later) of one year and recaptured the subsequent spring
i ndicate that these fish are feeding and growing during the winter nmonths.
these 23 individuals 11 (47.8% had shown at |east sonme overw nter growh
(Table 16). Overwi nter growth among these 11 fish ranged from 1-15 mm TL
(113-236 days between fall and spring captures). The other 12 fish had not
grown over the winter (171-212 days between fall and spring captures).

Razor back sucker that had grown between tinme of stocking and tine of
recapture had snmaller MD values (nmean MD = 33.7 RM range = 58.0 RM upstream
to 90.7 RM downstream fromtheir original stocking site; based on 41 fish)
than did fish that had not grown (nmean MD = 38.1 RM range = 1.5 to 838.1 RM
downstream fromtheir original stocking site; based on 16 fish). |In addition,
bet ween 1995 and 1997, only eight individual razorback sucker (including the
i ndi vidual originally stocked at RM 0.0 in Lake Powell) were collected
upstream of their original stocking site (range MD = 0.7-58.0 RM[nean = 28.2
RM). Al eight of these fish were fish that had grown since being stocked
(range = 1-251 nm TL growth [nmean = 57 nm TL growt h]; range = 182-1283 days
post-stocking [nean = 686 days]). Six of these eight individuals were PIT-
tagged fish and two were radio-tagged fish.

DI SCUSSI ON

Sur vi val

Det ermi ni ng survival of stocked fish after release is problematic. The
single greatest conplicating factor is the relatively small nunber of fish
stocked (939) between 1994 and 1996, naking it fairly difficult to recapture
stocked fish, despite intensive efforts to do so. However, having fish that
are equi pped with radio tags nakes it easier to track the novenments and
survival ratios of those particular fish (Tables 9-12).

Tag numbers 808 and 599 cannot be positively | abeled as nortalities.
Nurer ous razorback sucker that were initially inplanted with radio tags at the
Wahweap facility expelled themwi thin a few days to several weeks and |ived
(Appendix B). This is not an uncomon phenonmenon. Research on other fish
speci es has shown that up to 59% of radio tags were |ost or expelled when
i mpl anted in rainbow trout (Onchorynchus nykiss), up to 71.4% i n channel
catfish, and in shortnose sturgeon (Acipenser brevirostrun) and Atlantic
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Table 15. Growth of razorback sucker, in millimeters per day
(mm/day), observed during 60 recapture events,
including second time recaptures.

Total Length Range

(In Millimeters) Number Of Recapture
Of Recaptured Fish Growth Events Growth Rates
At Time Of Stocking (mm/day) Are Based On (n =)

By 10-mm TL Size Classes: .
<221 No Data No Data
221-230 0.07 1
231-240 0.02 1
241-250 No Data No Data
251-260 0.20 2
261-270 No Data No Data
271-280 No Data No Data
281-290 No Data No Data
291-300 No Data No Data
301-310 No Data No Data
311-320 No Data No Data
321-330 No Data No Data
331-340 No Data No Data
341-350 0.04 . 2
351-360 0.08 1
361-370 0.01 2
371-380 0.03 2
381-390 0.02 5
391-400 0.05 7
401-410 0.04 15
411-420 0.04 12
421-430 0.02 8
431-440 No Data No Data
441-450 0.01 2
>450 No Data No Data
Small Versus lLarge Fish:
<351 0.10 6
>350 0.03 54
Females Versus Males:
Known Females 0.04 10
Known Males 0.03 30
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Table 16. Recaptured razorback sucker for which growth
information for a specific overwintering period could
be determined.

. Change In Number Of
PIT Tag Stocking Recapture Total Length Days Between
Number Date Date (in mm) Captures
1F685A1C03 11/16/94 03/09/95 8 113
1F41483B1D 10/27/94 04/27/95 1 182
7F7D177124 11/16/94 05/08/95 5 173
1F404F4A08 11/18/94 05/08/95 0 171
1F40735A54 11/18/94 05/09/95 0 172
7F7D164D53 11/16/94 05/10/95 4 175
1F41401050 11/18/94 05/10/95 2 175
1F43596560 11/18/94 05/11/95 0 174
1F733D0031 11/18/94 05/11/95 4 174
1F402D165E 11/18/94 05/11/95 0 174
1F7441614B 11/18/94 05/11/95 0 174
1F4040075A 11/18/94 05/12/95 0 175
1F40496870 11/18/94  05/12/95 0 175
1F404E666D 11/18/94 05/12/95 2 175
1F41405A06 11/18/94 05/13/95 1 176
1F40326B04 11/18/94 05/13/95 0 176
1F742E4D72 11/18/94 05/13/95 3 176
1F435D1C25 11/18/94 05/14/95 0 177
1F43686353 10/27/94 05/15/95 0 200
1F41505779 11/18/94 05/15/95 0 178
1F732D724F 11/18/94 05/16/95 4 179
1F7509154E 09/27/95 05/20/96 8 236
7F7D17641A 10/03/96  05/03/97 0 212
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sturgeon (A._ oxyrhynchus) 18.0% of tags were expelled (Summerfelt and Mosier
1984, Chishol mand Hubert 1985, Kynard and Kieffer 1992). |In channel catfish,
| arger tags (2.0% of body weight) were expelled at a higher rate (88.8% than
smal l er tags (1.0% of body weight), which had an expul sion rate of 52.9%
(Summerfelt and Mosier 1984). It was also noted that inplanted fish nmay rub
strongly agai nst substrates to help relieve the irritation and disconfort
caused by sutures and heal ing incision wounds (Kynard and Kieffer 1992). This
sane behavi or of rubbing new y-inplanted sutures against the substrate and the
concrete of the "kettle" (water drainage) area was observed in razorback
sucker being held at Wahweap for recovery after surgery (Appendix B). It is
al so conspicuous that three of the four razorback sucker that were either
confirnmed nortalities or suspected nortalities/expelled tags were anong the
smal | est of radio-inplanted razorback sucker, stocked in March 1994. Tag

wei ght for these 15 radio-inplanted fish averaged 1.9% of body weight. For
the other groups of inplanted razorback sucker, tags averaged 1.7% of body

wei ght for the 16 fish stocked on 27 October 1994, 1.5% of body weight for the
16 fish stocked 27 Septenmber 1995, and 1.6% of body weight for the ten fish
stocked 3 Cctober 1996

El ectrofishing appears to be the nost efficient nmethod for nonitoring
experinental | y-stocked razorback sucker. Further, spring (March through My)
sanpling trips have, thus far, been the nost successful at recapturing stocked
razor back sucker.

Survival of experinentally-stocked razorback sucker in the San Juan River
appears to be quite good conmpared to other stocking efforts attenpted in the
Lower Col orado River Basin (LCRB) and the Gunnison and Col orado R vers.

St ocking of small size-class (range = 45-168 mm SL) razorback sucker in the
LCRB in the presence of ictalurid predators (i.e., flathead catfish
[Pylodictis olivaris] and channel catfish) was unsuccessful (Marsh and Brooks
1989). Marsh and Brooks (1989) stated that the | oss of stocked razorback
sucker to predation | essened when average size of stocked fish was increased
from68 mmSL to 113 nm SL. In addition, Marsh and Brooks (1989) theorized

t hat stocking razorback sucker in the range of 300 mm may enhance post -
stocking survival. Conversely, adult razorback sucker collected from"Etter
Pond" (near DeBeque, CO and stocked into the Gunnison and Col orado Rivers
upstream of Grand Junction, COin 1994 and 1995 denonstrated poor surviva
with nortality rates being as high as 85%in the Col orado and 88% i n Gunni son
Ri ver (Burdick and Bonar 1997). Hi gh degrees of body fat in stocked fish were
docunment ed, indicating that the Etter Pond razorback sucker were in good
condition at the time of radio tag inplantation and stocking. Burdick and
Bonar (1997) specul ated that the reasons for poor survival of these adults may
have been due to inability to cope with the riverine environment (i.e.
currents, turbidity, and fluctuating flows), or being unable to learn to use
natural food itens, thus leading to eventual starvation. These older fish
(possibly as old as 11-12 years old at the time of stocking) may sinply have
been too donesticated to their artificial pond environnent to be able to
survive in a riverine environnent, a situation known as donestication
selection (Burdick 1992, Ryden and Pfeifer 1994a). However, the additiona
stress associated with radio tag inplantation and i medi ate stocking in a
riverine without being allowed to recover first, was undoubtedly al so a major
factor in the failure of these stocked fish. Razorback sucker stocked into
the San Juan River between 1994 and 1996 were apparently still young enough to
not be donesticated, but |arge enough, in nost cases, to avoid predation by
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channel catfish and other predators (i.e., walleye and striped bass). Wile
the bite mark observed on a recaptured, PIT-tagged razorback sucker is by no
means concl usi ve proof of nonnative fish predation, this observation conbi ned
with the numerous flannel mouth sucker (Catostonus latipinnis), sonme as |arge
as 300 mm SL (Brooks et al. 2000), taken fromthe digestive tracts of walleye
(Stizostedion vitreun), striped bass (Mrone saxitilis), and channel catfish
on the August and Cctober 1995 adult fish comunity nonitoring trips suggests
that nonnative predators nay have a nmjor inpact on native fishes of 410 mm TL
or less. Stocking fish at 410 mm TL or greater appears to get fish past the
predation threshold (as discussed earlier), as well as getting themin the
river at an age where they are likely to spawmn soon after stocking (see

oj ective 3).

Sone of the difference observed between recaptures of various size-class
razorback sucker after stocking can alnost certainly be placed on the tendency
(i.e., bias) of electrofishing to collect larger size class fish. However,
bet ween 1991 and 1997 adult fish conmunity nonitoring (el ectrofishing) was
very successful in collecting snaller size-class (< 351 nm TL) fl annel nouth
sucker, bluehead sucker, and channel catfish as well as nunerous adult
speckl ed dace and red shiner, which reach a maxi mum of about 150 mm TL as
adults (e.g. Ryden and Pfeifer 1993, 1994b, 1995a, 1996a, Ryden 2000). In
addition, intensive seining efforts between 1994 and 1997 by the New Mexico
Department of Ganme and Fish and the Utah Division of WIdlife Resources, and
sporadi c seining, tramrel-netting, and hoop-netting efforts by other agencies
resulted in the collection of only a single small size-class (231 nm TL)
razor back sucker on 9 March 1995 (Table 2). Since razorback sucker snaller
than 351 nm TL (n = 641 fish) conprised the large majority (68.3% of fish
stocked, it seens that, even given the difficulties in sanpling this size-
class of fish, they should have accounted for nore than five (9.3% of the 54
known-ori gi n recaptures.

G owt h

The initial weight |oss after stocking is indicative of stocked fish
beconi ng conditioned to swmin river currents and learning to forage on and
compete for natural food itenms in a turbid river (i.e., conditions that don’t
exist in calm clear, highly-productive grow out ponds).

The faster growh rates observed in small size-class razorback sucker (<
351 mm TL) were to be expected, as nmost fish generally have a period of rapid
growmh early in life and a subsequent period of nmore gradual increase as they
mature (Van Den Avyle 1993). Mnckley (1983) indicated that, based on size-
frequency distributions of wld-caught fish, gromh anong “adult” razorback
sucker (370-740 mm TL) in Lake Mohave averaged only about 5 mm per year.

One piece of information gained during this study that was somewhat
unexpected was the fact that razorback sucker in the San Juan River appear to
be growing during the winter. During nbost winters, water clarity increases,
resulting in bloons of algae (e.g., O adophora spp.). These |arge standing
crops of algae likely provide good forage for razorback sucker during the
winter. Contacts made with radiotel emetered razorback sucker during January
1996 and the winter of 1996-1997 indicate that, at all but the col dest
tenperatures, razorback sucker spend at |east part of the day in main channe
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runs and are assuned to be feeding (see Objective 1). Based on radio

tel emetry observations, there appears to be a threshold water tenperature
somewhere between 0.0 and 3.0°C at which razorback sucker become conpletely
sedentary (i.e., spend all their time in lowvelocity habitats, noving little
if at all) and probably cease feeding. However, in order to sustain water
tenperatures of 3.0°C and |l ess (water tenperatures that appear to preclude
feeding), sustained daytinme air tenperatures of 3.0°C or |ess nmust be present.
These types of sustained |ow air tenperatures are seen only for short periods
of time each winter in the San Juan River basin within our study area. Thus,
it would appear that during the majority of nmobst winters, razorback sucker
have the potential to feed and grow in the San Juan Ri ver.

Razorback sucker reared in warmer climte grow out ponds, such as those
at Wahweap, grew larger over the short-term (2-4 years) than did razorback
sucker held in colder-water rearing facilities (i.e., Quray NFH). This
conbi nation of being able to rear fish |arge enough to be past the predation
threshold at any early age while still allowing the fish to be stocked before
t hey becone donestically selected is inportant. Placing young razorback
sucker that are to be used in future stocking efforts into warmer grow out
pond environnents whenever possible appears to be advant ageous.

St ocked razorback sucker that adapted well to riverine conditions
(foraging, dealing with turbulent river currents, turbidity, conpetition and
predation pressures, etc.) grew faster and naintained their relative position
in the river (or even noved upstrean) better than those that didn't.

CONCLUSI ONS/ MANAGEMENT | MPLI CATI ONS

< Study Objective net? Yes

< Two confirmed nortalities anong radiotel enetered razorback sucker

< Bite mark froma channel catfish present on the dorsal keel of a 408 nm
TL razorback sucker

< El ectrofishing appears to be the nost efficient method for nonitoring
experinmental | y-stocked razorback sucker

< As of COctober 1997, at |east 54 (5.8% of the 939 stocked razorback
sucker have been recaptured
< Nunber of recaptures may be as high as 59 (6.3% if razorback

sucker for which no PIT tag nunber was deternined are included

< Forty-six (85.2% of the 54 known-origin recaptures were from groups of
fish that had a nean TL of 400 mmor greater at the tinme of stocking

< O the 54 known-origin recaptures, 47 (87.0% were progeny of a single
famly | ot
< This famly | ot conprised 33.1% of all stocked fish
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For the first 400 days post-stocking stocked razorback sucker tend to
| ose wei ght
< Fish are learning to survive and forage in the river

After 400 days post-stocking, weight gain in stocked razorback sucker is
hi ghly variable, but the trend is positive

Smal | size-class razorback sucker (<351 mm TL) grew over three tines

faster than did razorback sucker stocked at |arger size-classes (>350 nm

TL)

< Smal | fish of alnmpbst every species grow fast when they are young,
with growth slowing as they get ol der

Virtually no difference was discerned in growh rates between stocked
mal e and femal e razorback sucker

St ocked razorback sucker are feeding and growi ng over the w nter

< There appears to be a threshold tenperature somewhere between 0.0
and 3.0°C at which razorback sucker become conpletely sedentary
and cease to feed during the winter

Razor back sucker that had grown between tine of stocking and tine of
recapture nmaintained their relative position in the river (or even noved
upstrean) better than those that hadn't

St ocki ng razorback sucker at sizes of approximately 400 mm appears to
get fish past the predation threshold and place fish in the river at an
age where they are not yet domesticated and will likely spawn soon after
st ocki ng
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CHAPTER 3: W LL HATCHERY- REARED RAZORBACK
SUCKER SPAWN I N THE W LD?

< hj ective 3: Determ ne whether hatchery-reared razorback sucker wl|l
exhi bit spawni ng behavior in the wild

METHODS

Radi otel emetry and recaptures were examined to see if aggregations of
st ocked razorback sucker could by identified during potential spawning periods
(i.e., February through May). Recaptured razorback sucker were exam ned to
determ ne reproductive status and age. Those fish that were actively
expressi ng gametes or had visible tuberculation present were considered to be
mature, sexually active fish

RESULTS

O the 65 recapture events (including second recaptures and the fish that
was stocked in Lake Powell and recaptured in the San Juan River) during our
study, 32 were nmales, 10 were females, and 23 were of indeterm nate sex. None
of the 10 identified females (372-481 nm TL), collected between 15 April and
24 Cctober, were obviously gravid (i.e., in spawning condition). The 32
tubercul ate mal e razorback sucker (376-502 mm TL) were col |l ected between 16
March and 22 October, while the 15 individual nmales (376-502 nm TL) which were
ripe (i.e., freely expressing mlt) were collected between 16 March and 2
Cct ober .

O the 51 recapture events with razorback sucker prior to May 1997, nine
were femal es (none of which were visibly gravid or expressing eggs), 21 were
tubercul ate males (with seven being ripe), and 21 were of indeterm nate sex.
During May 1997 el ectrofishing surveys, nine adult razorback sucker were
collected (two of which were second tine recaptures; Table 3). Eight of these
were ripe male fish (397-456 mm TL, 650-850 g; Table 3). The ninth fish, a
female (434 mm TL, 1150 g), collected at RM 122.0 on 2 May 1997, did not
appear to be in spawning condition (Table 3). Seven of the eight nale
razorback sucker collected were ripe (i.e., freely expressing mlt). Al
ei ght mal e razorback sucker were captured in aggregations of ripe, presumably
spawni ng, flannel nouth sucker, over midchannel cobble riffles and run/riffles,
or along the river’'s margi ns over cobble shoal/runs. On 3 May 1997, one nuale
razorback sucker (397 mm TL, 692 g) was collected within a few yards
downstream of the MEl nb Creek confluence (RM 100.5), near Aneth, UT, on river
right by one of two electrofishing rafts working in tandem Approxi mately
three-tenths of a mle downstreamof this location (RM 100.2), again on river
right, three nore ripe nale razorback sucker (412-456 nm TL, 650-770 g) were
captured in a single dip net full of fish over a shoreline cobble shoal/run by
the other electrofishing raft. Three other razorback sucker were observed but
not captured in this sane aggregation of fish. O the four male razorback
sucker that were recaptured at RM 100.5 and 100.2, three had originally been
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stocked at either Hogback Diversion (RM 158.6) or Bluff, UT (RM 79.6), and had
converged near Aneth presumably to spawn. A PIT tag nunmber was not determn ned
for the fourth fish, as the PIT tag reader quit working after reading the PIT
tag for the third fish. Therefore a stocking location for the last fish could
not be determ ned. The ripe nmale razorback sucker that was recaptured at RM
100.5 was a radio-tagged fish that had been |l ocated at RM 129.9 in February
1997. One of the three males captured at RM 100.2 was al so a radi o-tagged
fish that was | ast contacted at RM 93.8 on 22 COctober 1996. Flows were
increasing in the river during the time these electrofishing collections were
made, indicating that these razorback sucker were spawni ng on the ascendi ng
linb of the hydrograph as is seen in other Upper Colorado River Basin (UCRB)
rivers (Tyus 1987, Tyus and Karp 1989, USFWS5 1998). Flows at the Shiprock, NM
USGS gage on 15 April 1997 were 1,390; 1,770 on 3 May; 5,580 on 15 May; and
8,050 on 31 May 1997

Based on the observations of suspected spawni ng razorback sucker in My
1997, crews fromthe University of New Mexico (UNM began intensive nonitoring
efforts (light-trapping and seining for larval fishes) throughout the San Juan
River in the spring of 1998 to try to docunent razorback sucker reproduction
On 21 and 22 May 1998, two | arval razorback sucker (flexion nesolarvae = 12.7
mm TL and 12.1 nm TL, respectively) were collected in seines from backwaters
bet ween Montezuna Creek and Bluff, UT (RM 88.8 and 80.2, respectively; S
Pl atania pers. comm). Platania stated that the “nesohabitat |ocation where
these fish were collected indicate that they were no |onger true conponents of
the drift (i.e., these specinmens had the ability to nove out of the flow).”

DI SCUSSI ON

The first piece of evidence for hatchery-reared razorback sucker
denmonstrati ng spawni ng behavior in the wild was collected in May 1997. Prior
to May 1997, no obvi ous spawni ng behavi or had been denonstrated by stocked
fish in the wild. Al behaviors observed via radio telemetry up to that tine
appeared to be related to either feeding or resting. Al so, no aggregations of
either radiotel emetered or PIT-tagged adult razorback sucker larger than two
fish were evident prior to this time (groups of 4-5 radiotel emetered juvenile
razor back sucker had aggregated for several days to several weeks post-
stocking in March and April 1994). The May 1997 coll ection of four ripe
razorback sucker and observation of three other fish in such a snall area
points strongly to a spawni ng aggregation. However, the failure to collect a
gravid fenal e razorback sucker in this aggregation may rai se the question as
to whether or not this was a viable razorback sucker spawni ng aggregati on or
if ripe male razorback sucker were just being attracted by the presence of
nurerous ripe flannel nouth sucker. In May 1997, all ripe razorback sucker
were collected in aggregations of ripe flannelnouth sucker. This tendency to
aggregate with flannel nouth sucker while spawni ng has been docunented in other
UCRB rivers (e.g., Tyus and Karp 1990) and |eads to hybridi zati on between
these two species in the wild (e.g., Buth et al. 1987, Ryden 1997, Ryden
2000) .

The collection of two |larval razorback sucker in May 1998 represent the
first ever records of reproduction by razorback sucker in the San Juan R ver
drai nage, and prove that stocked razorback sucker are able to | ocate one
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anot her, |ocate suitable habitats, and successfully spawn in the San Juan
River. 1In addition, larval razorback sucker spawned at sone point upstream of
RM 88.8 are able to successfully nove out of the larval drift and into | ow
velocity habitats before entering the canyon-bound reaches of the San Juan

Ri ver (i.e., downstream of RM 68.0) where suitable nursery habitat is scarce.
The rel ative size of these larval razorback sucker indicates that they were
probably spawned near the beginning of May (no fornula for the back-

cal cul ati on of razorback sucker spawni ng dates has been devel oped yet),

i ndicating that for the second consecutive year adult razorback sucker
aggregat ed and spawned on the ascending linb of the hydrograph. Flows at the
Shi prock, NM gage during this general 1998 tine frame were 1,170 on 15 Apri
1998; 3,500 on 1 May; 5,190 on 15 May; and 7,370 on 31 May 1998.

CONCLUSI ONS/ MANAGEMENT | MPLI CATI ONS

< Study Objective nmet? Yes

< Prior to 1997 no aggregations |arger than two razorback sucker observed
< In May 1997 a spawni ng aggregati on was observed at RM 100. 2

< In May 1998, the collection of two larval razorback sucker at RM 88.8

and 80.2 by crews fromthe University of New Mexico prove that
successful reproductive efforts are taking place in the San Juan River
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CHAPTER 4: CAN HATCHERY- REARED RAZORBACK SUCKER
LEAD RESEARCHERS TO THEI R W LD COUNTERPARTS?

< hjective 4: Determine if hatchery-reared razorback sucker can | ead
researchers to their wild counterparts

METHODS

Al'l razorback sucker collected during the seven-year research period were
scanned to detect the presence of a PIT tag. Al fish bearing PIT tags were
known to be stocked fish. It was assuned given the dearth of wild razorback
sucker in previous collections that any wild razorback sucker still renaining
in the San Juan River would be old, large adult fish. These older wld
razor back sucker tend to be large fish (i.e., over 500 mrm TL) that are usually
scarred, blind in or both eyes, and have split or broken fins. Therefore, if
a razorback sucker was collected and no PIT tag could be collected, the size
and general health of the fish were observed to make a judgenent call as to
whet her or not the fish was a wild fish.

RESULTS

Al'l razorback sucker that have been collected fromthe mai nstem San Juan
Ri ver during the 1990's have been fish that were stocked into the river as
part of various studies from 1994 to present. The one possible exception was
the capture of a razorback sucker at RM 66.6 on 20 May 1996. This fish was
scanned for a PIT tag upon capture and none could be found. The PIT tag
reader was tested with another PIT tag and was found to be working properly.
The size (462 mm TL), appearance (i.e., no visible scarring or parasites), and
general health (i.e., no split fins or blind eyes) of this fish were
i ndi cative of a recently-stocked fish. It is likely that this fish had
expelled its PIT tag or was originally inplanted with a defective PIT tag. In
any case, this fish was recorded as being a stocked fish and inplanted with a
new PIT tag before it was returned to the river (Table 2).

On 21 and 22 May 1998, two larval razorback sucker (12.7 mm TL and 12.1
nm TL, respectively) were collected frombackwaters at RM 88.8 and 80. 2,
respectively, between Mntezuma Creek and Bluff, UT (S. Platania pers. comm).

DI SCUSSI ON

The last, and in fact only, scientifically-docunented collection of a
wi | d razorback sucker in the mai nstem San Juan River occurred on 25 Apri
1988, near Bluff, UT (Platania 1990, Platania et al. 1991). Extensive
el ectrofishing and seining efforts in the nainstem San Juan R ver between 1991
and 1997 failed to collect any wild razorback sucker of any life stage.
Additionally, the last wild razorback sucker to be collected fromthe San Juan
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Ri ver Arm of Lake Powel|l were collected in the late 1980's. Sporadic

el ectrofishing, seining, and tramel -netting efforts conducted in the San Juan
Ri ver Arm of Lake Powel |l throughout the 1990's collected only a single
razorback sucker, on 16 March 1995. This razorback sucker had been stocked at
Bluff, UT (RM 79.6) on 27 Qctober 1994 as a part of our study (Table 3). It
is assuned that there is no extant wild razorback sucker popul ati on renaining
in the San Juan River. However, stocked razorback sucker that have survived
and now occupy the San Juan River are functionally acting as a wild razorback
sucker popul ation. Al razorback sucker stocked as part of this and future
stocking efforts will be considered to be, and protected as, wild fish.

The two | arval razorback sucker collected in May 1998 were progeny of
stocked razorback sucker. However, the fact that they were spawned in the San
Juan River would nmake themw I d fish. Likew se, any razorback sucker that are
spawned in the San Juan River and recruit into adulthood will also be,
functionally if not genetically, wild fish.

CONCLUSI ONS/ MANAGEMENT | MPLI CATI ONS

< Study Objective net? Yes
< No wild fish were collected during this or concurrent studies
< The lack of collections likely indicates that there is no | onger
an extant popul ation of wild razorback sucker in the San Juan
Ri ver
< Any razorback sucker spawned in the San Juan River that recruits into

adul thood will be a wild fish, despite its parents being hatchery-reared
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RECOVMENDATI ONS

The foll owi ng concl usions and reconmendati ons were devel oped as a result
of the data collected as part of this experinmental stocking study. These
reconmendati ons were incorporated in the_Five-Year Augnentation Plan For
Razorback Sucker in the San Juan River (Ryden 1997).

1) Stocking in the spring versus stocking in the fall. This item
presents sonewhat of a quandary. Based on post-stocking displacenment data
alone, it appears that the best tine to stock hatchery-reared razorback sucker
isinthe spring (i.e., late March or early April). Radiotelenetered
razor back sucker stocked in the spring of 1994 had small er downstream
di spl acements than did fish stocked in the fall of 1994, 1995, or 1996. Once
initial downstream displacenents associated with stocking took place, stocked
hat chery-reared razorback sucker denonstrated the ability to maintain their
relative position in the river during high water periods, even in the |ower,
canyon- bound reaches of the river. Al so, stocking in the spring allows fish
to adapt to their new environnent before their first winter season and frees
up hatchery facilities and grow out ponds for use in raising new batches of
young fish to be stocked. These new batches of young fish are usually
obt ai ned between March and May as | arvae are collected fromthe wild or
produced in hatcheries.

The di sadvantage of stocking fish in the spring is that fish have |ess
time to grow before being stocked. Based on our recapture percentages,
stocked razorback sucker survive better when stocked at |arger sizes (i.e.
> 350 mm TL). The problemis that the nunber of fish that can be held and
reared at any facility is limted. This nunber becomes even nore reduced as
fish in those facilities growto larger sizes. Thus, if fish are held unti
fall and reared to larger sizes, there is |ess roomfor new fish for follow ng
years to be held and reared. However, given the observed differences in
recapture rates between large and snall size-class fish, it may be just as
wi se to stock fewer large size class fish in the fall that have a better
chance of survival than nore snall size-class fish in the spring even though
t hey nove | ess post-stocking.

Both spring and fall stocking appear to have advantages. The best of
both worl ds woul d be to stock |arge size-class fish in the spring of the year.
However, this would require holding fish in rearing facilities for an even
| onger period of tinme (i.e., overwinter). |In reality the decision of whether
to stock fish in the spring or fall will likely have to be a yearly decision
based on avail abl e hatchery and grow out pond space, the nunber of razorback
sucker currently being reared in those facilities, and the anobunt of fish the
SIRIP is able to obtain for future stocking efforts that have to be
accommodat ed at these sane facilities.

2) Stock as far upstream as possible. Hatchery-reared razorback sucker
shoul d be stocked as far upstreamas is feasible, due to large initial
downstream di spl acenents. The farthest upstream | ocation in the San Juan
Ri ver where interaction with other razorback sucker could occur if a fish did
not di splace downstream at all after stocking is probably Hogback Diversion
(RM 158.6). Upstream of this point, numerous instream diversion structures
woul d i solate groups of stocked fish fromone another. In addition, Hogback
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Diversion is the upstreamlint of Critical Habitat for razorback sucker in
the San Juan River. |In addition, stocking fish as far downstreamas Bluff, UT
will result in the nmovenment of some of these fish downstreaminto Lake Powel .

3) Keep the waterfall inundated. Sonme novement of stocked fish into Lake
Powel | appears inevitable if razorback sucker continue to be stocked as far
downstream as Bluff, UT. This was evidenced by the March 1995 capture of a
radi ot el emet ered razorback sucker (# 475) in a trammel net sanple in Lake

Powel | . Several wld adult razorback sucker have been collected from Lake
Powel | at Piute Farns Marina just below the waterfall at RM 0.0 (present from
approxi mately 1987 to 1995). 1In fact, the adult razorback sucker collected

near Bluff, UT in 1988 nay have been an individual that had noved upstream
from San Juan River Arm of Lake Powel|l before the formation of the waterfall
At | east one Pl T-tagged razorback sucker stocked into Lake Powel |l in August
1995 and five sonic-tagged razorback sucker stocked into Lake Powell in
Novenber 1995 have noved into the | ower reaches of the San Juan River since
the waterfall’s inundation. Couple this with the 92.1 RM upstream novenent of
a Pl T-tagged razorback sucker between 12 August and 2 Cctober 1997, and it
appears that even stocked razorback sucker have the ability to regularly nove
bet ween Lake Powell and the San Juan River. Thus even if razorback sucker
nmove downstreaminto Lake Powell initially after stocking, there is a chance
that these fish (as well as any wild fish that may still inhabit the San Juan
Ri ver Arm of Lake Powell) may return to the San Juan River if the waterfall at
RM 0.0 is not present.

It is inportant to note here that the waterfall at RM0.0 is not a

natural feature. It was formed by the filling to capacity (early 1980's) and
subsequent drop in | ake level (ca. 1987) of Lake Powell. During the filling
of Lake Powel |, huge sedi nent deposits (approximately 60 ft. deep in sone

pl aces) were laid down in the |ower 14 RM of the San Juan River (Ryden and
Ahl m 1996). The drop in | ake |l evel caused the river to cut a new course

t hrough the sedi nent accurul ati on and fl ow over a sandstone outcrop creating
the waterfall (> 10 mat sone flows). Due to its very nature, the presence
and or absence of the waterfall cannot truly be managed for in a selective
manner and, thus, used to reliably deter the upstream novenent of |acustrine
predatory fishes. Thus, the greatest benefit to both wild and stocked
razorback sucker entering or already present in the San Juan River arm of Lake
Powel I can be achi eved by keeping the waterfall inundated, allow ng free
access to the San Juan River.

4) Stock large size-class fish, and nmaintain a nechani cal renoval program
for nonnative predators. Since the waterfall at RM 0.0 was inundated by
rising levels in Lake Powel|l in spring 1995, predatory lacustrine fish species
(striped bass and wal |l eye) have invaded the river fromLake Powel |l and added
an additional predation pressure on top of the |large nunbers of channe
catfish already present in the river. Stomach sanples fromthese three
speci es docunmented predation on native flannel mouth sucker (the nost abundant
native fish in the San Juan River) up to 300 nm SL by nonnative channe
catfish, striped bass, and walleye (Ryden 2000). This evidence conbined with
the presence of a large (130 nmw de) bite mark across the dorsal keel of a
stocked razorback sucker (408 mm TL) suggest that in order to avoid | oss of
stocked fish to predation, stocked razorback sucker should be greater than 410
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mm TL. Al so, mechanical control of nonnative predatory fish species nay be
necessary to insure success of an augnentation effort.

In addition, razorback sucker that were stocked at |arger size-classes (>
350 mm have a nuch higher recapture rate than do smaller fish

5) Stock fish no later than three years of age. Wile snmall size-class
razor back sucker are known to be lost to predation and other causes, old
razorback sucker appear to becone domesticated to conditions present at
hat cheri es and ponds and are unable to adapt to riverine conditions when held
too | ong.
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RELATI ONSHI P TO RECOVERY PROGRAM

One of the two purposes of the SJIRIP is to protect and recover endangered
fishes in the San Juan River basin, including Col orado pi kem nnow and
razorback sucker. Item 3.2.2.2.b under RESEARCH AND RECOVERY ELEMENTS AND
RECOVERY PROGRAM | MPLEMENTATI ON in the SJRI P Program Docunent specifies
eval uating the need to augnent wild popul ati ons of razorback sucker and
augrmenting if deened necessary, desirable, and likely to inprove the status of
this species (San Juan R ver Recovery |nplenentation Program Bi ol ogy Comittee
1995a). Item5.3.8 in the SIRIP Long Range Plan (LRP) identifies determ ning
the need for and inplenmenting, if necessary, an augmentation programto
recover endangered razorback sucker in appropriate historic habitat (San Juan
Ri ver Recovery | nplenmentati on Program Biol ogy Comrittee 1995b). In addition
items 5.2.5 in the SJIRIP LRP identifies the need to deternine and nonitor
habi t at use of endangered (and other) fishes, and item5.2.6 in the LRP states
the need to identify limting habitats for endangered fishes. Due to the
paucity of historic and recent collections of razorback sucker, including the
failure to collect any wild razorback sucker during the three years (1991-
1993) of intensive studies on all life stages, the San Juan River Biol ogy
Committee identified the necessity to begin an experinental stocking program
for razorback sucker in the San Juan River (Ryden and Pfeifer 1994a). The
experinmental stocking programwas designed to facilitate study of this species
in the wild and evaluate the efficacy of initiating a full-scale augnmentation
program for razorback sucker in the San Juan River. Al stocked razorback
sucker are afforded the same protection as wild razorback sucker under the
Endanger ed Species Act.
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APPENDI X A

PIT tag nunbers and stocking information for razorback sucker stocked into
the San Juan River by the U S. Fish and Wldlife Service between 29 March 1994
and 3 Cctober 1996, and into the San Juan River Arm of Lake Powell by the Utah
Division of Wldlife Resources on 8 and 15 August 1995.
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Table A-1. Stocking information for the 939 fish stocked between
29 March 1994 and 3 October 1996 as part of the
experimental stocking study for razorback sucker in
the San Juan River.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F1E2E5F36 10/27/94 117.5 384 23
1F1E300CO7 10/27/94 79.6 384 2A
1F1E385437 10/27/94 136.6 401 2A
1F1F561458 10/27/94 117.5 394 2A
1F1F707A58 09/27/95 158.6 415 2A
1F40026639 09/27/95 158.6 425 27
1F40195E2A 09/27/95 158.6 424 2
1F402D076D 11/18/94 117.5 398 2A
1F402D1064 11/18/94 136.6 393 2A
1F402D165E 11/18/94 158.6 404 2A
1F402D797B 11/18/94 117.5 407 2A
1F402E145F 11/18/94 158.6 420 2A
1F402E4330 11/18/94 136.6 373 2A

- 1F402E452E 11/18/94 158.6 388 22

1F4030155C 11/18/94 79.6 360 2A
1F40301B56 11/18/94 79.6 403 2A
1F4030373A 11/18/94 136.6 395 2A
1F4031135D 11/18/94 79.6 383 2A
1F40326A05 11/18/94 136.6 417 2A
1F40326B04 11/18/94 158.6 364 2A
1F4033610D 11/18/94 136.6 390 2A
1F40340D60 11/18/94 79.6 418 2A
1F40346409 11/18/94 117.5 399 2A
1F40355517 11/18/94 79.6 385 22
1F40374129 11/18/94 79.6 424 27
1F40387D6C 11/18/94 117.5 407 2A
1F40395414 11/18/94 136.6 430 27
1F403B7C6A 11/18/94 117.5 396 2A
1F403C570E 11/18/94 -136.6 384 2A
1F4040075A 11/18/94 136.6 442 23
1F40416977 11/18/94 117.5 385 2A
1F40422D32 11/18/94 79.6 386 2A
1F40432B33 11/18/94 1658.6 404 2A
1F40440855 11/18/94 117.5 385 2A
1F40445D00 11/18/94 136.6 379 2A
1F40447964 11/18/94 79.6 402 2A
1F40453923 11/18/94 158.6 375 23
1F40454517 11/18/94 136.6 398 2A
1F40464714 11/18/94 158.6 408 2A
1F40464E0D 11/18/94 158.6 404 2A
1F40472337 11/18/94 117.5 404 2A
1F40476575 11/18/94 158.6 402 2A
1F40496870 11/18/94 136.6 408 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Oof Stocking In Millimeters Lot
1F404B4BOB 11/18/94 117.5 417 2A
1F404C4A0B 10/27/94 79.6 386 2A
1F404D755F 11/18/94 136.6 382 2A
1F404E646F 11/18/94 158.6 412 2A
1F404E666D 11/18/94 158.6 370 2A
1F404F3D15 11/18/94 117.5 358 2A
1F404F4A08 11/18/94 158.6 388 2A
1F4052143B 11/18/94 158.6 427 2A
1F40735A54 11/18/94 158.6 420 2A
1F40742706 11/18/94 79.6 404 2A
1F40756448 11/18/94 117.5 406 2A
1F40756C40 10/27/94 136.6 419 2A
1F40775852 11/18/94 136.6 414 2A
1F40776C3E 11/18/94 117.5 420 2A
1F40785F4A 11/18/94 79.6 410 2A
1F40793870 11/18/94 79.6 388 23
1F407B0224 11/18/94 117.5 402 2A
1F41180F7A 10/03/96 158.6 368 ??
1F412A2D49 11/18/94 117.5 412 2A
1F412A482E 11/18/94 158.6 392 2A
1F412B1362 11/18/94 117.5 446 2A
1F412E4230 09/27/95 158.6 411 2A
1F412E5022 11/18/94 158.6 398 2A
1F4132402E 11/18/94 136.6 396 2A
1F41334627 11/18/94 136.6 398 2A
1F41341F4D 11/18/94 158.6 403 2A
1F4134412B 11/18/94 117.5 410 2A
1F41361A50 11/18/94 136.6 395 2A
1F41373732 11/18/94 136.6 330 2A
1F41386B7D 11/18/94 79.6 407 2A
1F41394126 11/18/94 158.6 403 27
1F413B7471 11/18/94 79.6 423 2A
1F413C0C58 11/18/94 117.5 422 2A
1F413C3034 11/18/94 158.6 418 2A
1F413C4321 11/18/94 117.5 408 2A
1F413C7C68 11/18/94 79.6 393 2A
1F413F164B 11/18/94 79.6 412 2A
1F41401050 11/18/94 136.6 415 2A
1F41405A06 11/18/94 117.5 408 2A
1F41406D73 11/18/94 117.5 418 2A
1F4143510C 11/18/94 136.6 422 27
1F41437964 11/18/94 79.6 374 2A
1F41451C3F 11/18/94 136.6 420 2A
1F41453724 11/18/94 158.6 356 2A
1F41455F7C 11/18/94 117.5 418 2
1F4146005A 11/18/94 136.6 400 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F41461D3D 11/18/94 158.6 404 2A
1F41473623 11/18/94 136.6 370 2A
1F41482038 11/18/94 158.6 367 2A
1F41483B1D 10/27/94 117.5 411 2A
1F41495F78 11/18/94 158.6 383 2A
1F414E0C46 11/18/94 79.6 385 2A
1F414E3E14 11/18/94 79.6 395 2A
1F414E537F 11/18/94 117.5 418 2A
1F414F460B 11/18/94 158.6 390 2A
1F414F557C 11/18/94 136.6 420 27
1F41505779 11/18/94 136.6 414 2A
1F41513F10 10/27/94 136.6 386 2A
1F41612C13 09/27/95 158.6 431 2A
1F43550544 11/18/94 158.6 414 2A
1F43552524 11/18/94 79.6 414 2A
1F4359192C 11/18/94 136.6 404 2A
1F43591E27 11/18/94 136.6 365 2A
1F43596560 11/18/94 136.6 338 2A
1F43597253 11/18/94 158.6 395 2A
1F435A6262 11/18/94 79.6 396 2A
1F435C784A 11/18/94 158.6 399 2A
1F435D1C25 11/18/94 117.5 422 2A
1F435F053A 11/17/94 158.6 147 ??
1F435F1728 11/18/94 136.6 442 2A
1F435F625D 11/18/94 158.6 404 2A
1F435F6B54 11/18/94 117.5 378 2A
1F43602A14 11/18/94 79.6 398 2A
1F43605C62 11/18/94 79.6 408 2A
1F4361437A 11/18/94 158.6 407 2A
1F43623507 11/18/94 117.5 373 2A
1F43631724 10/27/94 136.6 435 2A
1F43632219 10/27/94 79.6 388 2A
1F43633803 11/18/94 79.6 383 2A
1F43634972 11/18/94 117.5 423 2A
1F43644D6D 11/18/94 117.5 414 2A
1F43647A40 11/18/94 158.6 378 2A
1F43650D2C 11/18/94 79.6 405 2A
1F4366191F 10/27/94 136.6 427 2A
1F43670136 11/18/94 117.5 418 2A
1F43670433 09/27/95 158.6 421 2A
1F43683105 11/18/94 136.6 407 2A
1F43686353 10/27/94 79.6 415 2A
1F4368684E 11/18/94 79.6 388 2
1F43686B4B 11/18/94 158.6 390 2A
1F43690134 11/18/94 79.6 404 2A
1F463E213C 09/27/95 158.6 482 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking 1In Millimeters Lot
1F564C6C53 11/16/94 117.5 190 ??
1F587A6725 09/27/95 158.6 426 2A
1F587A7DOF 09/27/95 158.6 424 2A
1F59480838 11/16/94 117.5 141 2A
1F5B684A54 09/27/95 158.6 428 2A
1F5B747C16 09/27/95 158.6 432 2A
1F5E1F4C18 10/03/96 158.6 314 2A
1FSE275E7E 11/17/94 158.6 190 ??
1FSE787EOD 11/16/94 117.5 117 2??
1F60081366 11/17/94 158.6 153 ??
1F600C2E47 10/03/96 158.6 320 2A
1F60146508 11/16/94 79.6 160 ??
1F60465F5C 11/16/94 136.6 134 2A
1F604C466F 11/16/94 117.5 164 ??
1F60536D41 11/16/94 136.6 200 2?2?
1F60555953 11/16/94 136.6 170 ??
1F60583D6C 11/17/94 158.6 176 ??
1F60590B1D 11/16/94 136.6 133 2A
1F6060336E 11/16/94 79.6 218 ??
1F60606041 11/17/94 158.6 117 2A
1F6062207F 11/17/94 158.6 126 ??
1F60632777 11/16/94 117.5 118 2A
1F60722D62 11/16/94 136.6 180 ?2?
1F61025D21 11/17/94 158.6 178 ??
1F6110650B 11/16/94 117.5 102 2A
1F6112432B 11/17/94 158.6 123 ??
1F61186602 11/16/94 117.5 183 ??
1F6120025E 11/16/94 79.6 137 ??
1F61265802 11/16/94 117.5 137 ??
1F612C6D67 11/17/94 158.6 122 2A
1F61311A35 11/16/94 79.6 131 2A
1F613A5472 11/17/94 158.6 174 ??
1F614C2410 11/16/94 117.5 109 ??
1F614C2A0A 11/17/94 158.6 225 ??
1F61541715 11/16/94 136.6 162 ??
1F61546943 11/16/94 79.6 106 ??
1F61583573 11/16/94 117.5 188 ??
1F615C0420 11/17/94 158.6 200 ?7?
1F615D4E55 10/03/96 158.6 313 2A
1F61677C1D 11/16/94 136.6 190 27
1F61774346 11/16/94 136.6 188 ??
1F61777712 11/16/94 79.6 137 2?
1F61794C3B 11/16/94 79.6 217 ??
1F62012E50 11/16/94 136.6 121 ??
1F62053F3B 11/17/94 158.6 184 ??
1F62094333 11/16/94 79.6 111 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking 1In Millimeters Lot
1F620F747C 11/16/94 117.5 118 ??
1F6211707E 11/16/94 117.5 177 ??
1F62156604 11/16/94 117.5 132 ??
1F62244219 11/17/94 158.6 109 2A
1F624A4372 11/16/94 136.6 114 2A
1F62537E2E 11/16/94 79.6 108 ??
1F62557733 11/17/94 158.6 202 ?2?
1F62593D69 11/16/94 117.5 158 ??
1F625B5A4A 10/03/96 158.6 342 27
1F626B365E 11/16/94 79.6 102 ??
1F62713D51 11/16/94 117.5 110 ?27?
1F6274513A 11/16/94 136.6 150 2A
1F62770B7D 11/16/94 79.6 140 2A
1F62782A5D 11/16/94 136.6 193 ??
1F62796620 11/16/94 136.6 179 ??
1F627A6E17 11/16/94 117.5 109 2A
1F627B4341 11/16/94 117.5 212 ?2?
1F627C6A19 11/17/94 158.6 117 2A
1F627D641E 11/16/94 136.6 147 2A
1F627E275A 11/16/94 117.5 121 ??
1F627F166A 11/16/94 136.6 177 ?2?
1F63032853 11/16/94 117.5 201 ??
1F63044139 11/17/94 158.6 132 2A
1F63046317 11/16/94 117.5 173 ?27?
1F63060B6D 11/16/94 117.5 186 ??
1F6309195C 11/16/94 79.6 116 ??
1F6309482D 11/17/94 158.6 112 2A
1F630D6F02 11/16/94 136.6 100 2A
1F630E2B45 11/16/94 136.6 108 2A
1F63176D7A 11/16/94 117.5 188 ??
1F63195B0A 11/16/94 136.6 178 ??
1F6319776E 11/16/94 79.6 160 ?7?
1F631C4022 11/16/94 79.6 146 ??
1F631C7B67 11/16/94 136.6 188 ??
1F631D045D 11/16/94 136.6 123 2A
1F631F0B54 11/16/94 136.6 194 ??
1F632F7956 11/16/94 136.6 130 ??
1F63337CAF 11/16/94 117.5 148 ??
1F633A7F45 11/16/94 117.5 117 2A
1F63500F1F 11/16/94 136.6 241 ?2?
1F63565B4D 11/17/94 158.6 130 2A
1F63592104 11/16/94 136.6 128 2A
1F635C170B 11/17/94 158.6 176 ??
1F635C346E 11/17/94 158.6 192 ?2?
1F63623666 11/16/94 136.6 115 2A
1F63656E2B 11/16/94 79.6 185 ??
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F6366090F 11/16/94 117.5 121 2A
1F636A3460 11/16/94 117.5 173 ??
1F63767810 11/17/94 158.6 188 ?2?
1F63781D69 11/17/94 158.6 140 ??
1F63784A3C 11/16/94 136.6 128 2A
1F637C334F 11/17/94 158.6 176 ??
1F637E2957 11/16/94 79.6 138 ?7?
1F63A73321 11/16/94 117.5 195 ??
1F640A0C67 11/16/94 79.6 133 2?
1F640D0A66 10/03/96 158.6 316 2A
1F64162641 11/17/94 158.6 190 ?7?
1F6419657F 11/16/94 117.5 130 27
1F641A0063 11/17/94 158.6 140 ?7?
1F64345D6C 11/16/94 136.6 195 ?7?
1F643E1C23 11/16/94 136.6 110 ?2?
1F64437F3B 11/16/94 79.6 122 2A
1F64506449 11/16/94 79.6 156 ??
1F6451624A 11/16/94 136.6 123 2A
1F64544465 11/16/94 136.6 135 2A
1F64572105 11/16/94 136.6 112 ??
1F64644752 11/16/94 79.6 116 2A
1F64672A6C 11/17/94 158.6 222 ?7?
1F646B563C 10/03/96 158.6 332 2A
1F646D1000 11/16/94 79.6 218 ??
1F6471216B 11/16/94 136.6 190 ??
1F647B4240 11/16/94 79.6 147 ??
1F647E4F30 11/17/94 158.6 192 22
1F647F4638 11/16/94 79.6 106 2A
1F65012457 11/17/94 158.6 158 ??
1F65104A22 11/16/94 117.5 130 ?7?
1F651C431D 11/17/94 158.6 131 27
1F65226872 11/17/94 158.6 118 2A
1F65271243 11/17/94 158.6 124 2A
1F652C2927 11/16/94 117.5 137 2A
1F65306F5D 11/17/94 158.6 117 2?
1F6534192F 11/16/94 79.6 184 ??
1F65347355 11/17/94 158.6 194 ??
1F654E1717 11/17/94 158.6 196 ??
1F655B3F62 10/03/96 158.6 305 22
1F655E603E 11/16/94 79.6 179 ?7?
1F65621109 11/16/94 136.6 101 2A
1F65622A70 11/16/94 117.5 122 ?7?
1F6568672D 11/16/94 79.6 144 ??
1F656B2170 11/17/94 158.6 158 2?
1F6577592C 11/16/94 136.6 130 27
1F65780A7A 11/16/94 117.5 115 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F657D512E 11/16/94 117.5 116 2A
1F66023841 11/16/94 79.6 177 ??
1F66252333 11/16/94 117.5 131 ??
1F662B557B 11/16/94 136.6 208 ??
1F662E6667 11/16/94 117.5 177 2?7
1F6633596F 11/16/94 79.6 107 2A
1F66340542 11/17/94 158.6 187 ??
1F66351531 11/16/94 117.5 188 ??
1F663C5966 11/16/94 79.6 130 2A
1F663D2E10 11/16/94 79.6 180 ??
1F663D5F5F 11/16/94 136.6 118 ?7?
1F66406556 11/16/94 136.6 114 2A
1F664C4C63 11/16/94 117.5 204 ??
1F66565451 11/17/94 158.6 204 ??
1F665B6E32 11/16/94 79.6 152 ??
1F66680112 11/16/94 136.6 183 ?2?
1F666A6928 11/16/94 79.6 124 27
1F671D401D 11/16/94 79.6 113 ??
1F672C5C72 11/16/94 117.5 180 ?2?
1F673A1D23 11/17/94 158.6 113 2A
1F67405E5C 11/16/94 79.6 213 ?2?
1F681D025A 11/16/94 117.5 133 ?2?
1F681D3527 11/16/94 117.5 128 ?2?
1F68224116 11/17/94 158.6 175 ??
1F68227F58 11/16/94 117.5 206 ?2?
1F6825391B 11/17/94 158.6 135 ??
1F682A0F40 11/16/94 136.6 110 2?
1F682A4807 10/03/96 158.6 317 2A
1F682F705A 10/03/96 158.6 340 2A
1F684B7935 11/16/94 79.6 129 27
1F684F6545 11/16/94 136.6 111 ?7?
1F68514E5A 11/17/94 158.6 114 2A
1F6853574F 11/16/94 136.6 137 2A
1F68595848 11/16/94 117.5 132 ??
1F685A1C03 11/17/94 158.6 223 ??
1F6864791C 11/16/94 136.6 188 ??
1F6866444F 11/16/94 117.5 217 ??
1F68665241 11/16/94 117.5 114 2A
1F6866593A 11/16/94 117.5 174 ??
1F6B1DOE4B 09/27/95 158.6 415 2A
1F6B1EOD4B 09/27/95 158.6 397 2A
1F6CFE5303 10/03/96 158.6 346 ??
1F6E1C2631 11/17/94 158.6 118 2A
1F6E1C5B7C 11/16/94 79.6 112 2A
1F6E2B5573 11/16/94 136.6 193 ??
1F6E2C7E4S 11/16/94 136.6 140 ??



Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F6E301330 11/17/94 158.6 148 ??
1F6E30447F 11/16/94 79.6 187 ??
1F717E2C46 11/16/94 136.6 116 2A
1F717E541E 11/16/94 117.5 130 2A
1F72014826 11/16/94 136.6 207 ?2?
1F720F2040 11/17/94 158.6 120 2A
1F720F2739 11/17/94 158.6 209 ??
1F72121647 11/16/94 136.6 203 ??
1F72157367 11/16/94 79.6 145 ??
1F73115409 11/16/94 136.6 205 ??
1F731B371C 11/18/94 158.6 400 2A
1F731B4112 11/18/94 79.6 392 2A
1F731C2E24 11/18/94 158.6 404 2A
1F731D420F 11/18/94 79.6 357 2A
1F731D7160 11/18/94 117.5 374 2A
1F731F6E61 11/18/94 117.5 397 2A
1F7320400E 11/18/94 79.6 402 2A
1F73221438 11/18/94 79.6 408 23
1F7323212A 11/18/94 79.6 394 2A
1F7323400B 11/18/94 136.6 380 2A
1F7328172F 11/18/94 136.6 427 2A
1F73282224 11/18/94 117.5 395 2A
1F732B063D 11/18/94 117.5 435 2A
1F732C5B67 11/18/94 158.6 388 2A
1F732C5C5C 11/18/94 79.6 398 2A
1F732DOE33 11/18/94 158.6 424 2A
1F732D4001 11/18/94 117.5 411 2A
1F732D724F 11/18/94 136.6 420 23
1F7330506E 11/18/94 136.6 396 2A
1F7331201D 11/18/94 158.6 388 2A
1F73326C50 11/18/94 158.6 390 2A
1F73326E4E 11/18/94 117.5 426 27
1F73334477 11/18/94 158.6 390 2A
1F73334F6C 11/18/94 79.6 393 2A
1F73361622 11/18/94 158.6 380 2A
1F73372E09 11/18/94 136.6 423 2A
1F73381A1C 11/18/94 79.6 405 2A
1F73385165 11/18/94 158.6 404 27
1F73386353 11/18/94 158.6 393 2A
1F73386F47 11/18/94 158.6 435 2A
1F733B250E 11/18/94 117.5 404 2A
1F733C535F 11/18/94 136.6 404 2A
1F733C585A 11/18/94 158.6 395 2A
1F733C7240 11/18/94 79.6 417 2A
1F733C783A 11/18/94 136.6 428 2A
1F733D0031 11/18/94 136.6 372 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F733D674A 11/18/94 117.5 404 2A
1F733E3000 11/18/94 79.6 395 2A
1F733E4868 10/27/94 117.5 388 2A
1F733E7838 11/18/94 158.6 420 2A
1F733F3B74 11/18/94 158.6 393 2A
1F73402806 11/18/94 79.6 392 2A
1F742E4D72 11/18/94 117.5 408 2A
1F74312616 11/18/94 136.6 380 2A
1F74321823 11/18/94 136.6 420 2A
1F74326556 11/18/94 79.6 400 27
1F74327447 11/18/94 79.6 380 2A
1F74333B7F 11/18/94 136.6 404 2A
1F74335B5F 11/18/94 79.6 404 2A
1F74343F7A 11/18/94 79.6 394 2A
1F74345366 11/18/94 136.6 407 2A
1F74351028 11/18/94 117.5 433 2A
1F74361D1A 11/18/94 117.5 390 27
1F74362314 11/18/94 79.6 404 23
1F74373006 11/18/94 79.6 377 2A
1F74391321 11/18/94 158.6 406 2A
1F74395361 11/17/94 158.6 179 ??
1F743A347F 11/18/94 136.6 406 27
1F743A6D46 11/18/94 117.5 420 2A
1F743D161A 11/18/94 117.5 393 2A
1F743D4B65 11/18/94 79.6 418 2A
1F743D763A 11/18/94 117.5 364 2A
1F743E042B 11/18/94 136.6 420 2A
1F743E2708 11/18/94 136.6 413 2A
1F743E2F00 11/18/94 158.6 404 2A
1F743F210D 11/18/94 117.5 393 2A
1F74416148B 11/18/94 117.5 390 2A
1F74421714 11/18/94 136.6 430 27
1F74712656 09/27/95 158.6 417 2A
1F7509154E 09/27/95 158.6 415 27
1F75165303 -09/27/95 158.6 415 2A
1F770D2439 11/17/94 158.6 128 ??
1F77103C1lE 10/03/96 158.6 351 2A
1F77117F5A 11/17/94 158.6 190 ??
1F7715765F 11/16/94 136.6 168 ??
1F77164311 11/16/94 117.5 174 ??
2007327235 11/16/94 117.5 121 2A
2007333F67 11/16/94 117.5 121 2A
2007335D49 11/16/94 117.5 163 ??
200737465C 11/16/94 79.6 106 ??
2007405445 10/03/96 158.6 336 2A
2007432274 11/17/94 158.6 104 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number stocking Of Stocking 1In Millimeters Lot
2007467C17 11/16/94 79.6 160 77
2007493759 11/17/94 158.6 204 ??
2007495D33 11/16/94 117.5 106 ??
20074B2F5F 11/16/94 79.6 170 ?7?
20074B513D 11/17/94 158.6 138 ?27?
20074C3459 11/17/94 158.6 104 ??
20074C4D40 11/16/94 79.6 190 ??
20074E6328 11/17/94 158.6 118 2A
2007501475 11/17/94 158.6 180 ??
2007506029 11/16/94 136.6 192 ??
2007511771 11/17/94 158.6 192 ??
2007526522 11/16/94 136.6 183 ??
7F7B023EOD 10/03/96 158.6 333 3A
7F7BOF1B05 11/16/94 79.6 184 3A
7F7B104932 10/03/96 158.6 426 2A
7F7B10607E 10/03/96 158.6 353 2A
7F7B107310 10/03/96 158.6 326 3A
7F7B107434 11/16/94 136.6 215 3A
7F7B107464 10/03/96 158.6 326 2A
7F7B107A51 11/16/94 79.6 227 3A
7F7B107E6D 11/16/94 136.6 122 3A
7F7B107F62 11/17/94 158.6 190 3A
7F7B110221 11/16/94 117.5 341 3A
7F7B110C71 10/03/96 158.6 303 3A
7F7B111359 11/17/94 158.6 217 3A
7F7B11196C 11/16/94 136.6 156 3A
7F7B112101 10/03/96 158.6 300 3a
7F7B112A36 11/16/94 136.6 224 3A
7F7B113277 10/03/96 158.6 396 2A
7F7B11376D 11/16/94 136.6 160 3A
7F7B113E18 11/16/94 79.6 190 3A
7F7B114507 11/16/94 79.6 181 3A
7F7B11467D 11/17/94 158.6 350 3A
7F7B11732B 11/16/94 136.6 220 3A
7F7B117470 11/17/94 158.6 205 3A
7F7B117C30 11/16/94 79.6 207 3A
7F7B121A4C 11/16/94 117.5 355 3A
7F7B123F24 10/03/96 158.6 304 3a
7F7B124445 10/03/96 158.6 384 2A
7F7B124609 11/16/94 136.6 216 3A
7F7B13015C 10/03/96 158.6 330 3A
7F7B134B45 11/17/94 158.6 142 3A
7F7B135017 11/17/94 158.6 212 3A
7F7B135435 10/03/96 158.6 322 3A
7F7B137C04 10/03/96 158.6 343 2A
7F7B176876 10/03/96 158.6 385 2A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7B177076 10/03/96 158.6 342 2A
7F7B177140 10/03/96 158.6 373 2A
7F7B180139 10/03/96 158.6 346 2A
7F7B180319 10/03/96 158.6 370 2A
7F7B180938 10/03/96 158.6 316 3A
7F7B191400 10/03/96 158.6 348 ??
7F7B194562 11/16/94 79.6 191 3A
7F7B19504F 11/17/94 158.6 222 3A
7F7B195D51 10/03/96 158.6 215 3A
7F7B1A3A0C 11/16/94 136.6 204 3A
7F7B1A3C34 10/03/96 158.6 356 2A
7F7B1A3E50 11/16/94 117.5 353 3A
7F7B1A4A1E 11/16/94 136.6 244 3A
7F7B1A4C2C 11/16/94 117.5 223 ??
7F7B1A525B 10/03/96 158.6 356 2A
7F7B1A6245 10/03/96 158.6 357 3A
7TF7BlA644E 10/03/96 158.6 302 3A
7F7B1A7946 10/03/96 158.6 318 3A
7F7B1BO07E 10/03/96 158.6 349 27
7F7B1B0OS7F 11/17/94 158.6 224 3A
7F7B1B0713 10/03/96 158.6 357 3A
7F7B1BOASE 10/03/96 158.6 374 2A
7F7B1B160E 11/16/94 136.6 194 3A
7F7B1B1720 10/03/96 158.6 308 - 3A
7F7B1B1A23 10/03/96 158.6 322 3A
7F7B1B2201 11/16/94 79.6 226 3A
7F7B1B4D27 11/17/94 158.6 169 3A
7F7B1B5218 10/03/96 158.6 382 27
7F7B1B5237 10/03/96 158.6 356 2A
7F7B1B5D47 11/16/94 79.6 195 3A
7F7B1B604F 11/16/94 117.5 238 3A
7F7B1B714D 10/03/96 158.6 314 3A
7F7D026279 10/03/96 158.6 311 1A
7F7D0A2858 10/03/96 158.6 310 1A
7F7D0B6720 11/16/94 117.5 204 1A
7F7D0C117C 11/16/94 136.6 227 1A
7F7D0C3630 11/16/94 117.5 234 1A
7F7D0OC3E39 11/16/94 136.6 234 1A
7F7D0OD6F54 11/16/94 79.6 365 1A
7F7D0OD7A0B 11/16/94 136.6 182 1A
7F7DOF1F75 11/16/94 79.6 220 1A
7F7D0F2265 11/16/94 136.6 165 3A
7F7D0F2430 11/16/94 117.5 126 1A
7F7DOF293E 11/16/94 117.5 190 3A
7F7D0F323C 11/16/94 79.6 195 1A
7F7DOF3361 10/03/96 158.6 330 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7DOF345F 11/16/94 117.5 195 1A
7F7DOF381C 11/17/94 158.6 158 1A
7F7DOF3859 11/17/94 158.6 183 1A
7F7DOF3A1lF 11/16/94 79.6 202 1A
7F7DOF3B01 10/03/96 158.6 363 1A
7F7DOF3B36 10/03/96 158.6 342 1C
7F7DOF3C21 11/16/94 136.6 374 1A
7F7DOF3D76 10/03/96 158.6 353 1A
7F7DOF617A 11/16/94 117.5 204 1A
7F7DOF6570 11/16/94 79.6 272 1A
7F7DOF6571 11/16/94 136.6 270 1A
7F7D0OF673A 11/16/94 79.6 295 1A
7F7DOF685E 11/16/94 79.6 120 1A
7F7DOF6F2F 11/16/94 117.5 178 1A
7F7D0OF7122 11/17/94 158.6 200 1A
7F7DOF7275 11/16/94 79.6 165 1A
7F7DOF7412 11/16/94 136.6 247 1A
7F7D0F7524 10/03/96 158.6 362 1C
7TF7DOF763A 10/03/96 158.6 401 1C
7F7DOF7AOE 11/16/94 117.5 253 1A
7F7D100E2A 11/16/94 136.6 209 1A
7F7D100F3D 11/17/94 158.6 325 1A
7F7D101056 10/03/96 158.6 340 1A
7F7D10114B 11/16/94 136.6 205 3A
7F7D101503 11/16/94 117.5 202 1A
7F7D112431 11/16/94 136.6 205 1A
7F7D127307 11/16/94 79.6 240 1A
7F7D13091A 11/16/94 79.6 194 3A
7F7D130B22 11/16/94 117.5 293 3E
7F7D132E2B 11/16/94 79.6 277 1A
7F7D133703 11/16/94 136.6 147 1A
7F7D135141 11/16/94 79.6 153 ??
7F7D137C57 10/03/96 158.6 371 3E
7F7D152A4E 11/17/94 158.6 203 1cC
7F7D154961 11/17/94 158.6 330 1cC
7F7D16194D 10/03/96 158.6 329 2B
7F7D161957 10/03/96 158.6 328 2B
7F7D161A00 11/16/94 79.6 263 1A
7F7D161A27 11/16/94 79.6 242 1A
7F7D161A36 10/03/96 158.6 318 2A
7F7D161A57 11/17/94 158.6 204 1A
7F7D161A66 10/03/96 158.6 316 3E
7F7D161C3°9 11/17/94 158.6 229 1A
7F7D161C45 10/03/96 158.6 386 2B
7F7D161C48 10/03/96 158.6 403 1c
7F7D161C51 11/16/94 117.5 180 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of stocking 1In Millimeters Lot
7F7D161C75 11/17/94 158.6 188 1A
7F7D161EO1 11/16/94 136.6 152 1A
7F7D161E02 11/17/94 158.6 188 1A
7F7D161E67 10/03/96 158.6 389 1A
7F7D161E72 10/03/96 158.6 285 3E
7F7D161F06 11/16/94 117.5 155 1A
7F7D161F23 10/03/96 158.6 353 2B
7F7D161F25 11/16/94 79.6 184 1A
7F7D161F2C 10/03/96 158.6 314 3E
7F7D161F38 11/16/94 136.6 318 3E
7F7D161F4C 10/03/96 158.6 395 3E
7F7D161F50 11/16/94 117.5 191 1A
7F7D161F57 10/03/96 158.6 204 2B
7F7D162002 10/03/96 158.6 380 3E
7F7D162003 11/16/94 117.5 238 1A
7F7D16200F 10/03/96 158.6 420 3E
7F7D162013 11/16/94 136.6 274 1A
7F7D162655 10/03/96 158.6 301 3E
7F7D162759 11/16/94 136.6 212 1A
7F7D16275E 11/16/94 117.5 238 1A
7F7D162830 11/16/94 117.5 207 1A
7F7D162A34 11/16/94 79.6 254 1A
7F7D162C06 10/03/96 158.6 355 1C
7F7D162DOE 11/16/94 117.5 341 1C
7F7D162E30 10/03/96 158.6 412 1cC
7F7D163121 11/16/94 79.6 321 1C
7F7D16340E 10/03/96 158.6 370 1icC
7F7D16352E 10/03/96 158.6 372 icC
7F7D16367C 11/16/94 117.5 192 1C
7F7D163F39 10/03/96 158.6 235 1A
7F7D163F3A 11/17/94 158.6 213 1A
7F7D163F5E 10/03/96 158.6 284 1A
7F7D164010 11/16/94 117.5 231 1A
7F7D16405E 11/16/94 136.6 172 1A
7F7D164109 10/03/96 158.6 348 2B
7F7D16417B 11/16/94 79.6 163 1A
7F7D164219 11/16/94 117.5 224 1A
7F7D16421B 10/03/96 158.6 326 3E
7F7D164276 11/16/94 79.6 282 1A
7F7D16443F 11/16/94 79.6 344 2B
7F7D164545 11/16/94 136.6 204 1A
7F7D164558 10/03/96 158.6 333 2B
7F7D16467E 11/16/94 79.6 165 1A
7F7D164759 11/16/94 117.5 200 1A
7F7D164815 11/16/94 79.6 176 1A
7F7D164823 10/03/96 158.6 341 2B
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7D164920 10/03/96 158.6 429 1A
7F7D164945 10/03/96 158.6 302 1A
7F7D164A66 11/17/94 158.6 138 1A
7F7D164D1F 11/17/94 158.6 232 1A
7F7D164D25 10/03/96 158.6 340 2B
7F7D164D33 10/03/96 158.6 337 1A
7F7D164D34 11/16/94 79.6 218 1A
7F7D164D53 11/16/94 136.6 240 1A
7F7D164E02 11/16/94 117.5 192 1A
7F7D164E46 11/16/94 136.6 257 1A
7F7D164F11 10/03/96 158.6 403 2B
7F7D164F53 11/16/94 79.6 152 1A
7F7D165028 11/17/94 158.6 194 1A
TF7D165047 10/03/96 158.6 345 1A
7F7D16506C 11/16/94 79.6 262 1A
7F7D16507C 11/16/94 117.5 202 2B
7F7D16513E 11/16/94 136.6 205 1A
7F7D165261 11/16/94 136.6 209 1A
7F7D165A63 11/16/94 136.6 236 1A
7F7D165A6D 11/17/94 158.6 158 3A
7F7D165B33 11/16/94 117.5 248 1A
7F7D165C3D 11/16/94 79.6 160 1A
7F7D165C5A 10/03/96 158.6 304 3E
7F7D165D6B 10/03/96 158.6 339 12
7F7D165E20 11/16/94 117.5 141 1A
7F7D165E6C 10/03/96 158.6 368 2B
7F7D165E75 10/03/96 158.6 434 2B
7F7D166017 10/03/96 158.6 330 2B
7F7D166060 11/16/94 117.5 338 2B
7F7D166105 10/03/96 158.6 286 3E
7F7D166106 10/03/96 158.6 311 2B
7F7D16610A 11/16/94 136.6 269 1A
7F7D16613F 11/17/94 158.6 200 1A
7F7D16617F 11/16/94 117.5 192 1A
7F7D166219 11/16/94 117.5 182 1A
7F7D166251 10/03/96 158.6 339 3E
7F7D16627C 11/16/94 79.6 242 1A
7F7D166374 11/17/94 158.6 150 1A
7F7D170A45 11/17/94 158.6 204 1A
7F7D170B50 10/03/96 158.6 354 3A
7F7D170C01 11/16/94 117.5 244 1A
7F7D170C37 10/03/96 158.6 361 3E
7F7D170C67 03/29/94 117.5 269 2A
7F7D170D68 11/17/94 158.6 170 1A
7F7D170F46 11/16/94 136.6 182 1c
7F7D171149 11/16/94 117.5 232 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking 0f Stocking In Millimeters Lot
7F7D171178 11/17/94 158.6 185 3A
7F7D171259 11/16/94 117.5 168 1A
7F7D171315 11/16/94 79.6 223 1A
7F7D17136B 11/17/94 158.6 194 1A
7F7D171371 11/16/94 117.5 188 1c
7F7D171439 11/16/94 136.6 365 3E
7F7D171467 11/16/94 136.6 230 1A
7F7D171522 10/03/96 158.6 327 3A
7F7D171566 11/17/94 158.6 162 3A
7F7D171604 11/16/94 117.5 117 1A
7F7D17165A 11/16/94 136.6 185 1A
7F7D171679 11/16/94 136.6 214 1A
7F7D17172B 10/03/96 158.6 365 1cC
7F7D171774 10/03/96 158.6 276 3E
7F7D171829 11/16/94 117.5 233 1A
7F7D171924 11/16/94 79.6 204 3A
7F7D171937 10/03/96 158.6 335 3A
7F7D17193A 11/16/94 136.6 157 1A
7F7D17194B 10/03/96 158.6 304 3E
7F7D171957 11/17/94 158.6 241 1A
7F7D171972 10/03/96 158.6 275 1A
7F7D171A11 11/16/94 79.6 190 1A
7F7D171A34 10/03/96 158.6 297 3A
7F7D171A36 10/03/96 158.6 319 3E
7F7D171A43 03/29/94 79.6 289 2A
7F7D171A4E 10/03/96 158.6 242 3A
7F7D171A79 11/17/94 158.6 219 1C
7F7D171B0OC 11/16/94 136.6 193 3A
7F7D171B21 10/03/96 158.6 336 2B
7F7D171B26 11/16/94 117.5 204 1A
7F7D171B32 11/16/94 117.5 167 1A
7F7D171B5B 10/03/96 158.6 330 1C
7F7D171B76 11/16/94 117.5 212 3A
7F7D171D7C 10/03/96 158.6 337 1C
7F7D171E01 11/17/94 158.6 172 3A
7F7D171E24 11/16/94 136.6 333 2B
7F7D171E4A 10/03/96 158.6 281 3E
7F7D171F36 11/17/94 158.6 218 3A
7F7D171F40 10/03/96 158.6 291 3A
7F7D171F4E 10/03/96 158.6 270 2B
7F7D171F7F 11/17/94 158.6 240 1A
7F7D17100B 10/03/96 158.6 333 2B
7F7D172017 11/16/94 117.5 133 3A
7F7D172023 11/16/94 117.5 297 1A
7F7D172104 11/16/94 117.5 220 1A
7F7D172105 11/16/94 79.6 197 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking 1In Millimeters Lot
7F7D172114 11/16/94 136.6 247 1A
7F7D172128 11/16/94 117.5 212 3A
7F7D17221D 10/03/96 158.6 393 3A
7F7D17221E 11/16/94 79.6 333 3A
7F7D172233 10/03/96 158.6 366 3A
7F7D172259 10/03/96 158.6 279 1C
7F7D17225D 11/16/94 79.6 171 1A
7F7D17240B 11/16/94 79.6 236 1A
7F7D172436 11/16/94 136.6 242 1C
7F7D17245D 11/16/94 117.5 169 3A
7F7D172479 10/03/96 158.6 373 3A
7F7D172523 10/03/96 158.6 360 3A
7F7D17252E 11/16/94 79.6 143 1A
7F7D172579 11/16/94 136.6 223 1A
7F7D172623 11/16/94 136.6 218 1A
7F7D17266A 11/16/94 136.6 222 3A
7F7D172704 11/16/94 117.5 218 iA
7F7D17274C 10/03/96 158.6 296 3A
7F7D17277D 10/03/96 158.6 362 2B
7F7D172806 11/16/94 136.6 240 1cC
7F7D172825 10/03/96 158.6 358 1cC
7F7D172862 10/03/96 158.6 327 3A
7F7D17287A 10/03/96 158.6 281 1A
7F7D17290A 10/03/96 158.6 318 1A
7F7D17296C 11/16/94 79.6 277 1A
7F7D172B71 10/03/96 158.6 330 1C
7F7D172C0C 10/03/96 158.6 387 1A
7F7D173B24 03/29/94 79.6 251 2A
7F7D173B45 03/30/94 136.6 301 2A
7F7D173C48 03/29/94 117.5 316 2A
7F7D173F04 03/30/94 136.6 269 2A
7F7D17484E 03/29/94 79.6 256 2A
7F7D17562F 10/03/96 158.6 342 3A
7F7D175662 11/16/94 79.6 166 1A
7F7D17571A 11/17/94 158.6 218 3A
7F7D17571D 10/03/96 158.6 329 2B
7F7D175756 11/17/94 158.6 158 3A
7F7D175811 10/03/96 158.6 274 3A
7F7D17582B 11/17/94 158.6 238 1A
7F7D175855 10/03/96 158.6 378 3A
7F7D17587B 10/03/96 158.6 354 3A
7F7D175913 10/03/96 158.6 347 2B
7F7D175930 11/16/94 136.6 277 1A
7F7D175937 11/16/94 117.5 241 1A
7F7D175953 11/16/94 79.6 325 1A
7F7D17597B 10/03/96 158.6 277 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7D175A01 11/17/94 158.6 150 1A
7F7D175A52 10/03/96 158.6 359 1A
7F7D175B09 11/16/94 136.6 160 1A
7F7D175B4E 10/03/96 158.6 355 2B
7F7D175B7A 10/03/96 158.6 347 1c
7F7D175C0A 11/17/94 158.6 194 3A
7F7D175C42 11/16/94 136.6 160 1A
7F7D175C47 10/03/96 158.6 362 2B
7F7D175C49 10/03/96 158.6 337 2B
7F7D175C67 11/16/94 136.6 198 3A
7F7D175D1F 10/03/96 158.6 315 3A
7F7D175D3B 10/03/96 158.6 346 3a
7F7D175E4E 11/16/94 117.5 173 3A
7F7D175E51 11/17/94 158.6 158 1A
7F7D175E73 10/03/96 158.6 313 ?7?
7F7D175F04 11/17/94 158.6 231 1A
- 7F7D175F33 11/17/94 158.6 193 1A
7F7D175F3F 10/03/96 158.6 351 ?2?
7F7D175F6C 11/16/94 117.5 190 3A
7F7D176031 10/03/96 158.6 390 3E
7F7D176068 10/03/96 158.6 330 1C
7F7D17606A 10/03/96 158.6 372 2B
7F7D17606E 10/03/96 158.6 371 2B
7F7D176139 10/03/96 158.6 290 3A
7F7D17613D 11/16/94 117.5 143 2B
7F7D17614C 10/03/96 158.6 321 2B
7F7D176167 10/03/96 158.6 295 3a
7F7D176232 10/03/96 158.6 297 1A
7F7D176251 10/03/96 158.6 301 ic
7F7D176262 11/17/94 158.6 182 3A
7F7D176276 11/16/94 79.6 182 1c
7F7D176327 11/16/94 79.6 223 1cC
7F7D176358 10/03/96 158.6 319 3E
7F7D17636E 10/03/96 158.6 293 3A
7F7D176371 10/03/96 158.6 325 2B
7F7D17640B 11/16/94 136.6 134 1A
7F7D176412 10/03/96 158.6 355 2B
7F7D17641A 10/03/96 158.6 397 2B
7F7D17641F 10/03/96 158.6 318 3a
7F7D176427 11/17/94 158.6 315 3E
7F7D17646A 10/03/96 158.6 323 3A
7F7D176473 11/17/94 158.6 195 3A
7F7D17650F 10/03/96 158.6 310 1A
7F7D176520 10/03/96 158.6 333 1A
7F7D176603 10/03/96 158.6 326 1A
7F7D176655 11/17/94 158.6 180 3A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7D17676A 11/16/94 79.6 220 1A
7F7D176808 11/16/94 136.6 220 1A
7F7D17681D 11/17/94 158.6 122 1A
7F7D176844 11/16/94 117.5 120 1A
7F7D17690B 10/03/96 158.6 330 1c
7F7D17690C 10/03/96 158.6 386 2B
7F7D176954 11/17/94 158.6 350 2B
7F7D17695A 10/03/96 158.6 350 1A
7F7D17696A 11/17/94 158.6 204 3A
7F7D176973 11/17/94 158.6 211 1A
7F7D17697F 10/03/96 158.6 308 ??
7F7D176A03 11/16/94 79.6 218 3A
7F7D176A1B 11/16/94 117.5 173 1A
7F7D176A1F 10/03/96 158.6 384 2B
7F7D176A2E 11/16/94 136.6 166 1A
7F7D176A31 11/16/94 136.6 196 1A
7F7D176A54 11/16/94 79.6 207 3
7F7D176A5C 10/03/96 158.6 299 1A
7F7D176B2F 11/16/94 136.6 250 1A
7F7D176B78 10/03/96 158.6 282 3A
7F7D176B7F 10/03/96 158.6 320 3A
7F7D176COF 10/03/96 158.6 332 2B
7F7D176C1lE 10/03/96 158.6 415 3E
7F7D176C20 10/03/96 158.6 333 1cC
7F7D176C65 11/16/94 79.6 277 1A
7F7D176C67 11/17/94 158.6 175 1C
7F7D176C68 10/03/96 158.6 415 2B
7F7D176C6E 11/16/94 79.6 122 1A
7F7D176D12 11/16/94 117.5 134 1A
7F7D176D16 10/03/96 158.6 331 3A
7F7D176D4D 10/03/96 158.6 304 3A
7F7D176E03 10/03/96 158.6 357 3A
7F7D176E5D 10/03/96 158.6 297 1A
7F7D176E63 11/16/94 79.6 194 1A
7F7D176F45 10/03/96 158.6 330 1A
7F7D176F59 10/03/96 158.6 282 2B
7F7D176F5E 10/03/96 158.6 333 1cC
7F7D177029 10/03/96 158.6 350 2B
7F7D177045 11/16/94 136.6 261 1cC
7F7D177078 11/16/94 117.5 188 3A
7F7D177105 10/03/96 158.6 399 ic
7F7D177124 11/17/94 158.6 341 icC
7F7D177132 11/16/94 117.5 176 1A
7F7D177179 10/03/96 158.6 322 3A
7F7D177217 11/16/94 79.6 203 3A
7F7D177262 10/03/96 158.6 288 1A
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Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7D177307 11/17/94 158.6 218 3A
7F7D17735E 10/03/96 158.6 244 2B
7F7D177361 10/03/96 158.6 322 ??
7F7D177453 11/16/94 136.6 258 1C
7F7D17746D 10/03/96 158.6 315 3A
7F7D177514 11/17/94 158.6 276 ??
7F7D177523 10/03/96 158.6 374 1cC
7F7D177533 11/16/94 117.5 277 1A
7F7D177557 11/17/94 158.6 193 2B
7F7D177559 10/03/96 158.6 344 1C
7F7D17755D 11/16/94 79.6 209 1A
7F7D177562 10/03/96 158.6 335 1A
7F7D177569 11/16/94 117.5 196 1A
TF7D17762A 10/03/96 158.6 386 2B
7F7D177655 10/03/96 158.6 357 1C
7F7D177709 11/16/94 79.6 138 1A
7F7D17773E 10/03/96 158.6 306 2B
7F7D17773F 11/16/94 79.6 247 1A
7F7D177743 11/16/94 79.6 172 1A
7F7D17774A 10/03/96 158.6 274 1A
7F7D177819 10/03/96 158.6 255 1A
7F7D177829 10/03/96 158.6 378 2B
7F7D17782A 10/03/96 158.6 325 1C
7F7D177851 11/16/94 136.6 356 2B
7F7D177861 11/16/94 136.6 175 1C
7F7D177867 10/03/96 158.6 382 2B
7F7D177869 11/16/94 117.5 198 2B
7F7D17786C 10/03/96 158.6 313 3A
7F7D17787E 10/03/96 158.6 334 2B
7F7D17791A 10/03/96 158.6 351 1a
7F7D177923 11/16/94 117.5 191 1A
7F7D177924 10/03/96 158.6 308 2B
7F7D177928 11/16/94 79.6 187 1A
7F7D17792B 10/03/96 158.6 306 3A
7F7D17796B 10/03/96 158.6 363 1C
7F7D177A01 11/16/94 117.5 160 1A
7F7D177A45 11/16/94 79.6 237 1A
7F7D177A56 11/16/94 79.6 172 ??
7F7D177C03 11/16/94 79.6 187 1A
7F7D177C3B 10/03/96 158.6 380 1A
7F7D177C60 11/16/94 117.5 220 1C
7F7D177E1F 11/16/94 117.5 298 1C
7F7D177F1A 11/17/94 158.6 234 1A
7F7D177F1B 11/16/94 136.6 263 1C
7F7D180062 10/03/96 158.6 335 1cC
7F7D180113 10/03/96 158.6 375 1cC
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Table A-1, continued.
PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
7F7D180427 11/16/94 136.6 234 1A
7F7D180659 11/16/94 79.6 194 1A
7F7D180723 11/16/94 117.5 145 1C
7F7D180903 10/03/96 158.6 405 1C
7F7D180A3A 10/03/96 158.6 323 2B
7F7D180D46 10/03/96 158.6 257 1C
7F7D181039 10/03/96 158.6 412 1C
7F7D18107B 11/16/94 117.5 218 1A
7F7D181134 10/03/96 158.6 290 3E
7F7D181174 10/03/96 158.6 372 3E
7F7D181256 11/16/94 136.6 199 1A
7F7D181266 11/17/94 158.6 266 1C
7F7D181513 10/03/96 158.6 351 1cC
7F7D181634 11/16/94 117.5 252 1A
7F7D181702 10/03/96 158.6 374 1C
7F7D181772 11/16/94 117.5 283 1A
7F7D181922 10/03/96 158.6 373 1C
7F7D18266C 10/03/96 158.6 290 1C
7F7D183F2D 11/16/94 136.6 186 1C
7F7D184031 10/03/96 158.6 308 2B
7F7D184067 10/03/96 158.6 365 3E
7F7D1A2A2D 11/17/94 158.6 152 3A
7F7D1A2B48 11/16/94 136.6 208 1A
7F7D1A2B50 10/03/96 158.6 393 1A
7F7D1A2C32 10/03/96 158.6 284 3E
7F7D1A2C59 11/16/94 79.6 290 1A
7F7D1A2D4A8 11/16/94 79.6 169 1A
7F7D1A2E04 11/16/94 79.6 157 3A
7F7D1A2E2E 11/16/94 117.5 236 1A
7F7D1A3064 11/16/94 79.6 258 1A
7F7D1A417A 10/03/96 158.6 325 3A
7F7D1A462F 11/16/94 79.6 207 1A
7F7D1A4774 10/03/96 158.6 282 1A
7F7D1A477A 10/03/96 158.6 320 3A
7F7D1A4936 11/16/94 79.6 287 1A
7F7D1A4A09 11/16/94 79.6 278 1A
7F7D1A4A1B 10/03/96 158.6 346 3A
7F7D1A4D36 11/16/94 136.6 193 3A
7F7D1A4D77 11/17/94 158.6 360 3E
7F7D1B6654 03/29/94 117.5 274 2A
7F7D1C1402 11/16/94 79.6 209 1A
7F7D1C1604 10/03/96 158.6 289 3E
7F7D1C164B 10/03/96 158.6 302 1A
7F7D1C2874 11/16/94 136.6 232 1A
7F7D1C2B54 10/03/96 158.6 343 3A
7F7D1D4E7D 03/29/94 117.5 239 2A



Table A-1, continued.

PIT Tag Date Of River Mile Total Length Family

Nunber Stocking Of Stocking In Millimeters Lot
7F7D1D7872 03/30/94 136.6 289 2A
7F7D1E093D 03/30/94 136.6 282 22
7F7D222501 10/03/96 158.6 360 ??
7F7D22270C 10/03/96 158.6 331 3A
7F7D22270D 11/16/94 79.6 171 1A
7F7D222A2F 11/16/94 79.6 163 1cC
TF7D22306E 10/03/96 158.6 304 1A
7F7D223073 11/16/94 79.6 360 1A
7F7D223A48 11/16/94 79.6 228 3A
7F7D22491A 03/29/94 79.6 306 2A
TF7D224A51 03/29/94 79.6 276 2A
7F7D224E24 03/29/94 117.5 252 2A
7F7D22532E 03/30/94 136.6 289 2A
7F7D225979 11/16/94 79.6 197 1A
7F7D226066 11/16/94 136.6 244 1A
7F7D226B0C 11/16/94 136.6 211 1A
7F7D226B3E 10/03/96 158.6 368 2B
7F7D226B53 11/16/94 79.6 241 1A
7F7D226B5A 10/03/96 158.6 363 2B
TF7D226C2D 10/03/96 158.6 303 3E
7F7D78367E 10/03/96 158.6 282 3A
7F7F5F5901 10/03/96 158.6 323 3E
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Table A-2. Stocking information for the 130 razorback sucker
stocked into Lake Powell at Piute Farms Marina (RM
0.0) on 8 and 15 August 1995 by the Utah Division of
Wildlife Resources. These fish were not part of the
experimental stocking study for razorback sucker in
the San Juan River, but are included here because one
of them was recaptured during our study.
PIT Tag Date Of River Mile Total Length Family
Number Stocking Of Stocking In Millimeters Lot
1F3F181872 08/08/95 0.0 408 2A
1F3F192069 08/15/95 0.0 406 2A
1F3F1F2E55 08/15/95 0.0 390 22
1F40002001 08/08/95 0.0 414 22
1F40016739 08/08/95 0.0 414 2A
1F40017828 08/15/95 0.0 387 2A
1F400A0BOC 08/08/95 0.0 408 2A
1F400B7422 08/15/95 0.0 415 2A
1F400D2173 08/15/95 0.0 406 23
1F400F533F 08/08/95 0.0 406 2A
1F40171674 08/15/95 0.0 389 2A
1F4019691F 08/08/95 0.0 420 27
1F401B1E68 08/15/95 0.0 413 2A
1F401E057E 08/08/95 0.0 402 2A
1F40206F12 08/15/95 0.0 434 2A
1F402A5B1C 08/08/95 0.0 423 2A
1F402C1164 08/15/95 0.0 426 2A
1F402F0B67 08/08/95 0.0 417 2A
1F40412739 08/08/95 0.0 414 22
1F4101732C 08/08/95 0.0 411 2A
1F41062278 08/15/95 0.0 385 2A
1F41074950 08/08/95 0.0 412 2A
1F410F2869 08/15/95 0.0 385 2A
1F4111355A 08/08/95 0.0 401 2A
1F4112711D 08/15/95 0.0 437 2A
1F41175D2C 08/15/95 0.0 401 22
1F41185335 08/08/95 0.0 410 2A
1F411B3A4B 08/08/95 0.0 420 2A
1F411E6220 08/08/95 0.0 417 2A
1F41705E52 08/08/95 0.0 413 2A
1F41724A64 08/08/95 0.0 397 2A
1F41774663 08/08/95 0.0 418 2A
1F41794562 08/08/95 0.0 382 2A
1F42362841 08/15/95 0.0 423 2A
1F462A5918 08/08/95 0.0 401 2A
1F4636095C 08/08/95 0.0 374 2A
1F46445502 08/15/95 0.0 369 2A
1F4648272C 08/15/95 0.0 426 2A
1F53231556 08/08/95 0.0 425 2A
1F53240466 08/15/95 0.0 408 2A
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Table A-2, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking In Millimeters Lot
1F5A74741F 08/08/95 0.0 410 2A
1F5A74771C 08/15/95 0.0 416 2A
1F5A751D75 08/15/95 0.0 397 2A
1F5A7B4844 08/15/95 0.0 412 2A
1F5A7DO0OC7E 08/08/95 0.0 411 2A
1F5B007115 08/15/95 0.0 410 2A
1F5B025C28 08/08/95 0.0 400 2A
1F5B050B76 08/15/95 0.0 421 2A
1F5B07522D 08/08/95 0.0 402 22
1F5B08116D 08/08/95 0.0 370 2A
1F5B08324C 08/08/95 0.0 427 2A
1F5BOE0177 08/08/95 0.0 422 2A
1F5BOEOC6C 08/08/95 0.0 411 24
1F5B0F2255 08/08/95 0.0 392 2A
1F5B0OF3740 08/08/95 0.0 410 2A
1F5B143042 08/08/95 0.0 405 2A
1F5B1ES5COC 08/08/95 0.0 418 2A
1F5B1ESF09 08/08/95 0.0 383 2A
1F5B1F5C0B 08/08/95 0.0 402 2A
1F5B215C09 08/15/95 0.0 403 22
1F5B2E3424 08/08/95 0.0 417 2A
1F5B306F67 08/08/95 0.0 421 2A
1F5B316E67 08/08/95 0.0 418 2A
1F5B32272D 08/08/95 0.0 431 2A
1F5B330C47 08/08/95 0.0 409 2A
1F5B36222E 08/08/95 0.0 394 2A
1F5B39400D 08/15/95 0.0 412 2A
1F5B3A3A12 08/08/95 0.0 385 2A
1F5B3A4903 08/15/95 0.0 396 27
1F5B3B113A 08/15/95 0.0 396 2A
1F5B3B1F2C 08/08/95 0.0 416 2A
1F5B3E3DO0OB 08/15/95 0.0 414 2A
1F5B3F4205 08/08/95 0.0 386 2A
1F5B3F6A5D 08/15/95 0.0 419 2A
1F5B407F47 08/15/95 0.0 388 2A
1F5B4B4675 08/08/95 0.0 413 2A
1F5B792B62 08/15/95 0.0 414 2A
1F5B7B117A 08/08/95 0.0 396 2A
1F5C0A1962 08/15/95 0.0 410 2A
1F5C0B0773 08/15/95 0.0 386 2A
1F5C0B4931 08/15/95 0.0 409 2A
1F5C0C3445 08/15/95 0.0 419 2A
1F5C0D7503 08/15/95 0.0 407 2A
1F5C0F6511 08/15/95 0.0 429 2A
1F5C153D33 08/15/95 0.0 378 2A
1F5C1D3236 08/15/95 0.0 412 2A
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Table A-2, continued.

PIT Tag Date Of River Mile Total Length Family

Number Stocking Of Stocking 1In Millimeters Lot
1F5D01681B 08/08/95 0.0 348 2A
1F5D52161C 08/08/95 0.0 370 2A
1F6B1D1544 08/15/95 0.0 420 2A
1F6B1D7069 08/15/95 0.0 411 2A
1F6B267C54 08/15/95 0.0 374 2A
1F6B2B7356 08/15/95 0.0 405 2A
1F6B2B7A51 08/15/95 0.0 428 2A
1F6B2C7555 08/08/95 0.0 414 2A
1F6B317A4B 08/08/95 0.0 415 2A
1F6B34350D 08/15/95 0.0 419 2A
1F6B34744E 08/15/95 0.0 399 2A
1F6B38744A 08/15/95 0.0 405 27
1F6B393607 08/08/95 0.0 401 2A
1F6B3A201C 08/15/95 0.0 420 2A
1F6B3E0533 08/15/95 0.0 397 2A
1F6B410A2B 08/15/95 0.0 417 2A
1F6B415E57 08/15/95 0.0 422 2A
1F6B443C76 08/15/95 0.0 415 2A
1F6B48327C 08/15/95 0.0 399 2A
1F6C2C5A6F 08/15/95 0.0 399 2A
1F6C307A4B 08/08/95 0.0 397 2A
1F6D062A44 08/08/95 0.0 406 2A
1F6DOC5F09 08/08/95 0.0 405 27
1F6D0F3431 08/08/95 0.0 368 2A
1F6D110D56 08/08/95 0.0 391 27
1F6D112340 08/08/95 0.0 420 2A
1F6D171A43 08/15/95 0.0 413 2A
1F6D172934 08/15/95 0.0 389 2A
1F6D6A7713 08/15/95 0.0 423 2A
1F6E677A12 08/08/95 0.0 392 2A
1F7471106C 08/15/95 0.0 412 2A
1F74712F4D 08/15/95 0.0 412 2A
1F74725427 08/15/95 0.0 432 2A
1F747A3142 08/15/95 0.0 432 2A
1F747A591A 08/08/95 0.0 422 2A
1F747A5F14 08/15/95 0.0 418 2A
1F747B2C46 08/15/95 0.0 415 2A
1F747F3F2F 08/08/95 0.0 407 2A
1F75036C7D 08/08/95 0.0 395 2A
1F7508075D 08/15/95 0.0 427 2A
1F75093033 08/08/95 0.0 428 2A
1F75115803 08/15/95 0.0 412 2A
1F75137663 08/15/95 0.0 412 2A
1F7A31191D 08/08/95 0.0 402 2A
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APPENDI X B

Summary information on nortalities, radio tag expul sion, and radio tag
retention anong surgically-inplanted razorback sucker being held in hatchery
ponds for recovery after surgery.
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The following tables are a sunmary of information on nortalities and tag
expul sion in razorback sucker (Xyrauchen texanus) held in hatchery ponds (for
varying lengths of tinme) for recovery after surgery. These fish were
surgically inplanted with AVMradio transnitters (tags) as part of the
experinental stocking effort in the San Juan River between 1994 and 1997. Al
radi o-inplanted fish were obtained from stocks being reared in "grow out" ponds
at the Utah Division of Wldlife Resources' (UDWR) Wahweap War mnat er Fish
Hat chery near Page, Arizona. |Inmediately after surgery, inplanted fish were
returned to a pond exclusive of any other fish, to recover. Visual nunerica
counts were made by daily UDWR hatchery staff and nortalities were collected
and recorded. At a later date, fish were recovered fromthe ponds using seines
and transported to the San Juan River, there to be stocked at one of the four

stocking sites. While recovering fish fromthe ponds before stocking, | found
what | consider to be a rather high percentage of inplanted fish that had
either died after surgery, or had expelled their radio tags but still survived.

This led to the necessity of having to re-inplant radio tags in either the same
or a different razorback sucker before stocking.

Fish that had expelled their radio tags and survived had conpletely, or
al nost conpletely, healed incision scars. This information, along wth updates
forwarded to nyself by the UDWR hatchery staff about visual nunerical counts
made of inplanted fish leads nme to believe that alnost i mMmediately after being
returned to the pond post-surgery, inplanted fish would proceed to the
concrete-lined end of the holding pond near the "kettle" (the area where the
pond is drained through a control gate), and rub their sutures against the
concrete. This would either lead to the fish rubbing the sutures open and
expelling the tag, or to the fish developing a "blown stonmach" (i.e., literally
rubbi ng the stonmach conpl etely open and expelling its own innards) and dyi ng.
Most of the nortalities that were recovered (sone nortalities were scavenged
fromthe ponds by aninmals during the night and only their tags were recovered)
had bl own stomachs. Approximately half of the recovered radio tags from
nortalities and/or expul sions were recovered in the kettle area. Also,
nurer ous razorback sucker that had retained their radio tags had severa
m ssing sutures in the incision area. 1In all cases, visual nunerical counts of
i mplanted fish verified that nortalities ceased and nunbers of surviving fish
hel d stable after approxi mately one week post-surgery.

As the experinental stocking project progressed, the decision was nmade to
hold inplanted fish in the ponds for a longer period of tine follow ng surgery.
This was done to allow inplanted fish nmore tine to conpletely recover follow ng
surgery and to insure that their sutures were conpletely heal ed before
st ocki ng.

Following is a summary of the four initial radio inplantation efforts from
1994 to 1996. This information represents only the initial group of fish
i mpl anted on any given date (i.e., no second tine or followup surgeries
included) and is not representative of the final nunber or sizes of the radio-
tagged fish that were eventually stocked (i.e., those reported upon in the body
of this report). This is strictly secondary information obtained during the
experinental stocking study and thus has had no particul ar anal ysis perfornmed
upon it. This information is presented here only to docunent that getting
hat chery-reared razorback sucker to retain surgically-inplanted radio tags in a
concrete-lined pond environment is problematic. This was true
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regardl ess of the size of the fish at the time of surgery, tag to body wei ght
rati o, whether or not an anesthetic (MS-222) was used during surgery, whether
or not an antibiotic (Gentocin) was given post-surgery, or the length of tine
fish were allowed to recover in ponds post-surgery.
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Table B-1.
radio tags on 22 March 1994.

Summary of information for 15 razorback sucker implanted with

Surgery Date:

Pond temperature (degrees Celsius):

Number of fish implanted:

Mean TL (in mm) of fish:

Mean WT (in g) of fish:

Tag dry weight (g):

Tag's mean % of fish body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of mortalities within 6 days:

Mean TL (mm) of mortalities at surgery:

Mean WT (g) of mortalities at surgery:

Tag's mean % of mortalities body WT:

Number surgeries MS-222 was used in:

Number of eventual mortalities given
Gentocin (antibiotic) following
surgery:

Number of surviving fish that
expelled transmitters within 6 days:
Mean TL (in mm) of fish that expelled
radio tags:
Mean WT (in g) of fish that expelled
radio tags:
Tag's mean % of expulsions body WT:
Number surgeries MS-222 used in:
Number of fish given Gentocin
(antibiotic) following surgery:

Number of surviving fish that
retained transmitters within 6 days:
Mean TL (in mm) of survivors:
Mean WT (in g) of survivors:
Tag's mean % of survivors body WT
Number surgeries MS-222 used in:
Number of fish given Gentocin
(antibiotic) following surgery:
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22 March 1994
23.5

15

274

256

5

2.07

0

15

5 (33.3%)
276

264

1.97

0

0 (0.0%)
No Data

No Data
No Data
No Data

No Data

10 (66.7%)
273

252

2.12

0

10



Table B-2.

Summary of information for 15 razorback sucker implanted with

radio tags on 7 September 1994.

Surgery Date:

Pond temperature (degrees

Number of fish implanted:

Mean TL (in mm) of fish:

Mean WT (in g) of fish:

Tag dry weight (g):

Tag's mean % of fish body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Celsius):

Number of mortalities within 50 days:

Mean TL (mm) of mortalities at surgery:

Mean WT (g) of mortalities at surgery:

Tag's mean % of mortalities body WT:

Number surgeries MS-222 was used in:

Number of eventual mortalities given
Gentocin (antibiotic) following
surgery:

Number of surviving fish that
expelled transmitters within 50 days:

Mean TL (in mm) of fish that expelled
radio tags:

Mean WT (in g) of fish that expelled
radio tags:

Tag's mean % of expulsions body WT:

Number surgeries MS-=222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of surviving fish that
retained transmitters within 50

Mean TL (in mm) of survivors:

Mean WT (in g) of survivors:

Tag's mean % of survivors body WT

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

days:
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7 September 1994
27.0

15

395

673

12

1.80

15

7

6 (40.0%)
395

658

1.86

6

2 (13.3%)
393

681
1.77%
2

0

7 (46.7%)
395

684

1.77

7

3



Table B-3.
radio tags on 7 July 1995.

Summary of information for 19 razorback sucker implanted with

Surgery Date:

Pond temperature (degrees Celsius):

Number of fish implanted:

Mean TL (in mm) of fish:

Mean WT (in g) of fish:

Tag dry weight (g):

Tag's mean % of fish body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of mortalities within 43 days:

Mean TL (mm) of mortalities at surgery:

Mean WT (g) of mortalities at surgery:

Tag's mean % of mortalities body WT:

Number surgeries MS-222 was used in:

Number of eventual mortalities given
Gentocin (antibiotic) following
surgery:

Number of surviving fish that
expelled transmitters within 43 days:

Mean TL (in mm) of fish that expelled
radio tags:

Mean WT (in g) of fish that expelled
radio tags:

Tag's mean % of expulsions body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of surviving fish that
retained transmitters within 43

Mean TL (in mm) of survivors:

Mean WT (in g) of survivors:

Tag's mean % of survivors body WT

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

days:
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7 July 1995
NOT TAKEN
19

420

788

12

1.55

19

0

4 (21.0%)
409

766

1.58

4

3 (15.8%)
413

771
1.58
3

0

12 (63.2%)
425

800

1.54

12

0



Table B-4.

Summary of information for 10 razorback sucker implanted with
radio tags on 26 August 1996.

Surgery Date:

Pond temperature (degrees Celsius):

Number of fish implanted:

Mean TL (in mm) of fish:

Mean WT (in g) of fish:

Tag dry weight (g):

Tag's mean % of fish body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of mortalities within 37 days:

Mean TL (mm) of mortalities at surgery:

Mean WT (g) of mortalities at surgery:

Tag's mean % of mortalities body WT:

Number surgeries MS-222 was used in:

Number of eventual mortalities given
Gentocin (antibiotic) following
surgery:

Number of surviving fish that
expelled transmitters within 37 days:

Mean TL (in mm) of fish that expelled
radio tags:

Mean WT (in g) of fish that expelled
radio tags:

Tag's mean % of expulsions body WT:

Number surgeries MS-222 used in:

Number of fish given Gentocin
(antibiotic) following surgery:

Number of surviving fish that
retained transmitters within 37 days:
Mean TL (in mm) of survivors:
Mean WT (in g) of survivors:
Tag's mean % of survivors body WT
Number surgeries MS-222 used in:
Number of fish given Gentocin
(antibiotic) following surgery:
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26 August 1996
NOT TAKEN

10

404

706

12

1.72

10

0

3 (30.0%)
397

700

1.73

3

0 (0.0%)
No Data
No

No
No

Data
Data
Data

No Data

7 (70.0%)
406

708

1.71

7

0



Table B-5. Summary of information for 59 total razorback sucker initially
implanted with radio tags from 1994 to 1996.

Total number of fish: 59

Total number of mortalities within a
mean of 34 days of surgery: 18 (30.5%)

Total number of surviving fish that
expelled transmitters but survived
within a mean of 34 days of surgery: 5 (8.5%)

Total number of surviving fish that

retained transmitters within a mean
of 34 days after surgery 36 (61.0%)
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APPENDI X C

Simlarity conparisons for radio telenmetry contacts having the sane
habi tat richness val ues.
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| NTRODUCTI ON

The tables in this Appendi x were generated in response to a coment from
Peer review Panel menber Dr. David Galat on an earlier draft of this report
Their purpose is to analyze the sinmlarity between razorback sucker contact
locations with the sanme habitat richness value. Dr. Galat’s question was are
two contact |locations with the sane habitat richness values truly the sane?
Because this particular question does not relate directly to any specific study
obj ective and because of the | ateness of this analysis in the report
devel opnent process, this analysis is included here as an appendi x rather than
in the body of the report.

MVETHODS

Radio telenmetry contacts were partitioned by habitat richness val ues, 2-
11. Al 2's were conpared, pairwise, to all other 2's, all 3's, pairwise, to
all other 3's, and so on. Conparisons were based on the difference between the
observed percentages of all individual habitat types at two contact |ocations
(quantified on the habitat nmaps during radio tracking) tested agai nst a
hypot hetical nmean of 0.00. The hypothetical mean is the value that woul d be
obtained if the two contact |ocations being conpared possessed identical types
and quantities (percentages) of habitats. Bonferroni-adjusted, nonparanetric,
T-tests were perfornmed on given pairs of contact locations to determine if they
were statistically simlar or different. Since the percentage of each habitat
type was a known, quantified value at each contact |ocation, the significance
| evel (p-value) was set at p = 0.05. Values less than this indicated that the
two contact |locations were statistically different, while values above this
i ndicated that the two contact |ocations were statistically simlar. Miltiple
contacts with fish at the same contact | ocation on a given tracking trip
(usually one week long) were not included in this analysis. Values of p =
1.000 (with no t-statistic given) indicate that both fish in this conparison
were using the sanme contact |ocation, thus the types and percentages of
avai l abl e habitats were identical for both fish at that point in tine.

RESULTS

As can be seen on Table C- 1, when nore than 4 habitats were present at
contact |ocations, the percentage of contact |ocations that were statistically
simlar dropped dramatically. This can be explained by the fact that many
contact locations with nore than 4 habitats had wi dely varying types (and

rel ati ve percentages) of habitats. |In nmany conparisons, contact |ocations with
5 or nore habitats had only one habitat type (main channel run, habitat #10 in
Table 2) in common. In addition, the relative percentages of the avail able

habitats, even if they were comon to both contact |ocations, tended to vary
wi dely, often by ten percent or nore. However, the percent of contact
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| ocations that were statistically simlar did not drop linearly as habitat

ri chness value increased. At habitat richness values of 2 and 3, 100.0% of the
T-test conparisons were statistically simlar. At a habitat richness val ue of
4, 70.0% were simlar. For higher habitat richness values, 10.6% were simnlar
at a habitat richness value of 5, 18.2% were sinilar at a habitat richness
value of 6, 9.9%at 7, 15.4%at 8, 16.7%at 9, and 0.0%at 10. Only one
contact |ocation had a habitat richness value of 11, so no conparisons could be
made with it.

DI SCUSSI ON

As shown by paired T-tests, quite a high percentage of contact |ocations
with habitat richness values of 5 or greater were statistically dissinlar
(Table CG-1). This indicates that there is, apparently, not a set conbination,
or bl ock, of habitat types (or percentages thereof) that are specifically
sel ected for by razorback sucker. The selection of a certain habitat type (or
types) at given tinmes of the year appears to be nore of a driving factor in
habitat use than a particul ar conbination of habitats. |n other words,
razor back sucker select the habitat(s) they want or need to use and the
presence of other unused habitats at that location is likely due to the
hydrol ogi ¢ conditions that nake the sel ected habitat(s) available. However,
the use of areas of the river that have high habitat richness val ues throughout
nost of the year indicates that, |ike Col orado pi kem nnow, razorback sucker
need areas with relatively high habitat richness values in order to provide the
habitats that they select for, especially in nmonths when they have as nany as
five selected habitats (i.e., April and June; Table 4).
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Table C-1. Pairwise comparisons (Bonferroni-adjusted T-tests) of similarity
between contact locations of radiotelemetered razorback sucker
having the same habitat richness values (p < 0.05 = * =
statistically significant relationship {i.e., contact locations
are statistically different}). Values of p = 1.000 (with no t-
statistic given) indicate that both fish were using the same
contact location (i.e., percentages of available habitats were
identical for both fish).

Habitat Richness Value = 2

Aug
Apr t=1.655
p=0.110
(1 of 1 comparisons {100.0%} statistically similar)
Habitat Richness Value = 3
Jun Oct
Oct t=1.951
p=0.062
Dec t=2.019 t=1.599
p=0.054 p=0.122
(3 of 3 comparisons {100.0%} statistically similar)
Habitat Richness Value = 4
Apr Jun Jul Aug
Jun t=1.798
p=0.084
Jul t=1.766 t=1.963
p=0.090 p=0.061
Aug t=2.177 t=1.854 t=1.851
p=0.039* p=0.076 p=0.076
Oct t=2.034 t=2.235 t=2.238 t=1.871

p=0.053 p=0.035* p=0.034* p=0.073

(7 of 10 comparisons {70.0%} statistically similar)
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Table C-1, continued

Habitat Richness Value = 9

Feb May Jun
May t=3.212
p=0.004%*
Jun t=2.660 t=3.098

p=0.013* p=0.005*

Dec £=2.240 t=2.242 t=1.971
p=0.034* p=0.034* p=0.060

(1 of 6 comparisons {16.7%} statistically similar)

Habitat Richness Value = 10

Feb Mar
Mar t=2.121
p=0.044%*
Apr £=2.470 t=2.971

p=0.021* p=0.006%

(0 of 3 comparisons {0.0%} statistically similar)

Habitat Richness Value = 11

--Only one contact location with 11 habitats; no comparisons were possible
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