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Summary

The information needed to effectively culture imfaer native fishes for recovery
efforts is lacking for certain species, yet isical for proper management and
conservation. Culture techniques and requirememetyirtually unknown for Gila chub
Gilaintermedia, a species federally listed as endangered.
1. We identified methods to spawn and rear Gilebahwcaptivity. Our results
provide the first published data on spawning anelcsed reproductive characteristics of
larval Gila chub. Fish were brought to the labonain March 2003 from Sabino Creek,
Arizona (12.3°C). Fish were then warmed slowly apdwned at 14.93°C, 10 d
following collection. Following this initial spawmg, Gila chub spawned consistently in
the laboratory without hormonal, chemical, photogeiror drastic temperature
manipulation, during all times of the year. Spawsese noted at temperatures ranging
from about 15 to 26°C; however, we noted that Gllab were more reluctant to spawn
at temperatures above 24°C. Multiple spawningwite per year per individual are
likely. There was a strong, inverse relationshepateen time to hatch and incubation
temperature. Hatch rate of eggs was high (meah43%) and larval Gila chub
accepted a variety of natural and formulated diefgst feeding.
2. We investigated the effect of different feedaymn growth, survival, and overt
health of larval and juvenile Gila chub. Larvala&chub fed a commercial larval fish
diet grew the same or slightly better than thosktii@wedArtemia sp. nauplii, and
significantly better than those fed chick@allus domesticus egg-yolk powder, but
survived significantly better when fédtemia. Despite the latter, observations suggest

Artemia nauplii may be difficult for first-feeding larv&@ila chub to handle. Thawed
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chironomid sp larvae clearly outperformed prepa@uamercial feeds for small and large
juvenile Gila chub with respect to growth; howewarnyvival was 100% for all feed
treatments. Overt health of larval and juvenil&a@hub remained largely unchanged
during all experiments. Our results have showst-fieeding larval Gila chub may be
reared on a natural or prepared diet but we recordrfaval Gila chub be fed a natural
feed if survival is paramount to objectives. Basadliets tested we recommend juvenile
Gila chub be fed a natural diet if faster growtlp@asamount to objectives. Further work
is suggested to define the nutritive requirementkidentify the most efficient feeding
regimen for Gila chub.

3. We tested the effect of four different water pematures on growth, survival, and
overt health/appearance of larval (20, 24, 28,32%€) and two sizes of juvenile (20, 23,
26, and 29°C) Gila chub. Growth of larval Gila bhwas highest at 28°C and lowest at
32°C, while survival of larval Gila chub was highats24°C and lowest at 20°C. Spinal
deformities were common for larval Gila chub reaae82°C but generally rare for those
reared at lower temperatures. Although growthnedls (32-49 mm TL) and large (52-72
mm TL) juvenile Gila chub increased with temperajulifferences were not statistically
significant. Survival was 100% (one accidental taidy) and no external abnormalities
were noted in any experiment testing small andelgugeniles. Water temperatures from
20-28°C appear suitable for rearing larval Gilalghwith temperatures from 24-28°C
more optimal. Water temperatures from 20-29°C appeitable for rearing juvenile Gila
chub, with temperatures at the higher part of thige likely better for faster growth.

4. We tested the effect of three different readegsities on growth, survival, and

overt health of larval Gila chub (0.065 g/L and®8sh/L, 0.540 g/L and 319.5 fish/L,
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and 1.343 g/L and 795 fish/L), small juvenile Gilaub (3.618 g/L and 4.0 fish/L, 16.986
g/L and 20.1 fish/L, and 60.145 g/L and 68.3 fighdnd large juvenile Gila chub (1.681
g/L and 0.4 fish/L, 14.346 g/L and 2.7 fish/L, &®1942 g/L and 8.4 fish/L). Mean
length and weight gain appeared inversely relaigédring density for larval and large
juvenile Gila chub. Survival of larval Gila chulawssignificantly greater for those
groups reared at low densities. Survival for juke6ila chub approached 100% for all
density treatments. Few oddities in overt fishesgppnce/health were noted during the
experiments and development for larval Gila chubdby followed growth rates. Our
data strongly support increasing density havinggative effect on growth and survival
(larval only) of Gila chub. Results may assistarmation of preliminary guidelines for
initial stocking and loading densities for Gila thwith possible relevance to other
similar species.

The future of Gila chub may someday depend in gatiatchery propagation to
provide specimens for restocking formerly occughadlitats and establishing refuge
populations. The guidelines we present here eamsbd to successfully spawn and rear

Gila chub.
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Introduction

Gila chubGilaintermedia is a moderate-sized cyprinid endemic to the GileeR
basin of central and southeast Arizona, southwest Mexico, and northern Sonora,
Mexico (Rinne 1976; Minckley and DeMarais 2000ppRlations of Gila chub have
been reduced or extirpated throughout the spearegerprimarily due to loss and
modification of aquatic habitats (Hendrickson anohékley 1984; Vives 1990;
Weedman et al. 1996) and the introduction of nameapecies (Minckley et al. 1977;
Minckley and Deacon 1991; Dudley and Matter 2000his species is currently limited
to about 29 isolated streams, cienegas, and spirssWS 2005); only one of which
contains a population that was considered staldlesaoure by Weedman et al. (1996).
Gila chub is listed as endangered with criticalitstlunder the United States Endangered
Species Act (USFWS 2005).

The ability to culture the Southwest’s threatenative fishes for recovery efforts
is lacking for certain species, yet is critical foppper management and conservation.
The natural-history strategies and requirementilaf chub are poorly understood
(Weedman et al. 1996). Information on reproducéigelogy of Gila chub is largely
limited and qualitative. Previous observationsr{R&intin, personal communication,
Arizona-Sonora Desert Museum; Jeanette Carperdgesppal communication, U.S.
Geological Survey; and personal observation) confirat Gila chub have the ability to
spawn and be maintained in non-natural conditiari<blture techniques and
requirements are largely unknown. The limited infation available on culture
techniques and general life-history of Gila chulmpars recovery of this species (Vives

1990). The future of Gila chub may someday depemart on hatchery propagation to
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provide specimens for restocking formerly occughaditats and establishing refuge

populations.

Objectives
The purpose of our study was to develop spawnidgearing techniques for Gila chub.
We had four major objectives for our study.
1. Our first objective was to establish a broodstaicadult Gila chub in the
laboratory, identify methods to successfully spa@ta chub in captivity, and develop
Gila chub eggs through post-hatch to the larvabphdal his study was integral to the
acquisition of first-feeding larval and juvenilel&chub for other research.
2. The type of feed and feeding regimen imposedahdieect link to the
development and health of captive reared anim@tsmparative information on the
responses and limitations of Gila chub with respedeed type is largely unknown.
Thus, our objective was to investigate the effédifberent feed types on growth,
survival, and overt health/appearance of Gila danme and juveniles under laboratory
conditions.
3. Growth is affected by many factors; however,enoray be as important as water
temperature (Dwyer et al. 1983). Our objective weaslentify the effect of different
water temperatures on growth, survival, and ovesalth/appearance of Gila chub larvae
and juveniles under laboratory conditions.
4, The density at which fishes have been cultun@dances growth. Our objective
was to investigate the effect of different reard®msities on the growth, survival, and

overt health/appearance of Gila chub larvae anenjiles under laboratory conditions.
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Methods

Spawning and Hatching

In March 2003 we collected Gila chub from Sabineék; Arizona to serve as
broodstock. Fish were the transported to the ktiboy at the University of Arizona in
aerated containers and then acclimated to labgr&tarperatures. Because the
temperature of Sabino Creek was 12.3°C, we cobledbaboratory to about 15°C and
allowed fish to slowly warm. After their first spa (at 14.93°C), we varied
temperatures to estimate the range of temperaatinghich fish Gila chub would spawn.
Most spawning trials were conducted between 18-248@proximate length range of
adults was 110-175 mm TL and sex ratio was unkno@roups of 5-9 adult Gila chub
were maintained and spawned in rectangular glass fdled with treated municipal
water and capacities from about 110-330 L, witheximum density of about 0.08
chub/L. All spawning/holding and egg-incubationka were aerated and fitted with
recirculating bio-filters that returned water t@ate a surface disturbance and slight flow
within the tank. The main diet of adults consistéthawed natural feeds (commercially
prepared), mainly chironomid larvae. We fed a@ila chub in slight excess twice daily
at an interval of anywhere from about 6-9 hourslulAGila chub were observed at least
twice daily and tanks checked for signs of spawmicivity. We thoroughly cleaned
tanks of all debris at least twice daily, whichulésd in a water exchange of about 5-20%
daily. Water quality was monitored daily.

We placed 11 x 11-cm glazed, beige colored ceréifagcon the bottom of the
spawning tanks each time we needed a spawn. I fegid, hard plastic grating (pattern

was 15 x 15-mm [open space] squares, 8 mm higl2anuah thick) cut to fit the
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dimensions of the tank sides was raised 2-4 inoffake tile substrate using 4-6 pieces
of 1.27-mm diameter PVC pipe glued directly to timelerside of the grating. Following
spawning, tiles were removed from spawning tanks with eggs were rinsed clean of
debris, and the number of eggs present on thewdassrecorded. Tiles with eggs were
then placed vertically in small metal racks locate87 L aquaria. We counted newborn
larval Gila chub following hatch (usually within 24or less).

We used an ocular micrometer to measure diametgasned eggs and length
(to nearest 0.1 mm) of larval Gila chub. We meadwret-weight (to nearest 0.0001 g)
of Gila chub using an electronic scale. Particatre was taken to systematically
remove excess water from larval Gila chub priomeasurement. Larval Gila chub were

euthanized with MS-222 (3-aminobenzoic acid etlsy#g prior to measurement.

Feed Type

We randomly assigned three size classes of Gila thheach treatment group
(feed type) and replicate tank (39-L recirculataggiarium tanks). Feed treatments for
first feeding larval Gila chub (6.1-7.7 mm TL) inded an enriched natural feed (frozen
Artemia sp. nauplii, Hikari Bio-Pure Baby Brine Shrimp kdri, Inc.), a prepared feed
(chickenGallus domesticus egg-yolk powder, John Oleksy, Inc.), and a commérc
larval fish diet (Hikari First-Bites, Hikari, Incfid to excess four times daily (Table 1).
We defined “feeding to excess” to mean that theas feed left in the tanks 15 min
following a feeding. Feed treatments for small-2Z2mm TL) and large (44-68 mm TL)
juvenile Gila chub included an enriched naturatféeozen chironomid larvae, Hikari

Bio-Pure, Hikari, Inc.) and the following completemmercial feeds (Hikari Micro
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Pellets, Hikari, Inc.; Wardley Staple Food Flakemall juveniles only] and Wardley
Premium Shrimp Pellets Formula [large juveniles/hrilartz Mountain, Co.; Golden
Pearls Weaning and Juvenile Diet, Brine Shrimp &jrimc.; Silver Cup, Nelson and
Sons, Inc.), respectively, fed to excess threedidaly (Table 1). Feedings were spaced
by 2-3 hours between about 6AM and 8PM. Initi@nbass of Gila chub per tank was
0.008 g/L or less for larval chub, 0.083 g/L orslésr small juveniles, and 0.396 g/L or
less for large juveniles. Tanks varied with lalboratemperature, which rarely deviated
from 20-22°C. Experiments ran for 14 d for Gilabharvae and 21 d for Gila chub
juveniles.

We used an ocular micrometer to measure initigtleto nearest 0.1 mm) of
larval Gila chub and calipers to measure final ter{tp nearest 0.1 mm) of larval Gila
chub. We measured length (to nearest 1 mm) ohjlesusing a measuring board. We
measured wet-weight (to nearest 0.0001 g) of a4 Ghub using an electronic scale.
Particular care was taken to systematically renexeess water from all larval Gila chub
prior to measurement. Larval Gila chub were eutteghwith MS-222 (3-aminobenzoic
acid ethyl ester) prior to measurement. Initia¥dhlength and weight measurements
were derived from a random subsample- (20) acquired within 24-hr of hatching. Final
larval length and weight measurements were deifieed a random subsample € 10)
of survivors for each treatment group. For largespile fish, we measured lengths and
weights of all individual fish. For small juversleve measured lengths of all individuals
but compared batch weights of tanks for the anslysi

We used analysis of variance (ANOVA) to test fgngicant differences in mean

weight and length gain, and percent survival ofdaand juvenile Gila chub among test
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temperatures. Due to limited numbers larval trestts equally included fish from
different spawns. To account for this possiblefeconding factor, spawning origin was
used as a blocking factor for analysis of larvaaddf a statistically significan®(<

0.05) difference was detected in ANOVA tests wedusd ukey-Kramer HSD Multiple

Comparison Procedure to identify which means dffer

Temperature

We tested the effect of water temperature on grpsuthvival, and overt health of
Gila chub larvae and juveniles. We randomly assig@ila chub to each of four
different treatment levels (test temperatures)taneke replications (tanks) per treatment
level. Initial biomass of Gila chub was 0.004 ¢gktval chub (6.0-7.5 mm TL), 0.19 g/L
small juveniles (32-49 mm TL), and 0.49 g/L largegniles (52-72 mm TL). Gila chub
were acclimated by increasing water temperatusgirally divided intervals over a five-
day period until reaching the desired test tempeeatLarval Gila chub were tested at
20, 24, 28, and 32°C. Juvenile Gila chub weresteat 20, 23, 26, and 29°C. Test
temperatures were monitored daily for accuracyadjdsted when necessary.
Experiments ran for 29-30 days.

Larval Gila chub were euthanized with MS-222 (34amenzoic acid ethyl ester)
prior to measurement. Initial larval measuremevese derived from a random
subsampler(= 20) acquired within 24-hr of hatching. FinaMal measurements were
derived from a random subsamphe=(10) of survivors from each treatment group. We
measured wet-weight (to nearest 0.0001 g) of a4 Ghub using an electronic scale.

Particular care was taken to systematically renexeess water from all larval Gila chub
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prior to measurement. We used an ocular microntetereasure initial length (to nearest
0.1 mm) of larval Gila chub and calipers to meagduna length (to nearest 0.1 mm) of
larval Gila chub. We measured length (to nearestri) of juveniles using a measuring
board.

Each replicate group of larval Gila chub was feéxoess four times daily using a
combination of thawedrtemia sp. nauplii (Hikari Bio-Pure, Hikari, Inc.) and kdiri
First-bites (Hikari, Inc.). Each replicate grougwvenile chub was fed to excess three
times daily using a combination of unfrozen chinmia larvae and Hikari Micro-pellets
(Hikari, Inc.) (small juveniles) or Silver Cup (Melin and Sons, Inc.) (large juveniles).

We used one-way analysis of variance (ANOVA) or dlied ANOVA test (when
group variances were significantly different) tettéor significant differences in mean
weight and length gain, and percent survival ofdaand juvenile Gila chub among test
temperatures. If a statistically significaRt< 0.05) difference was detected in ANOVA
tests we used a Tukey-Kramer HSD Multiple CompariBoocedure to identify which
means differed. We used Pearson’s chi-squaredboteletermine if the incidence of

spinal deformity of larval Gila chub was differearhong test temperatures.

Density

We randomly assigned Gila chub to each of thréerdnt treatment levels (test
densities) and four replications (tanks) per treatntevel. Mean initial biomass and
density (low, moderate, and high, respectivelysdh chub was 0.065 g/L and 38.9
fish/L, 0.540 g/L and 319.5 fish/L, and 1.343 ghdar95 fish/L for larval chub (6.3-6.8

mm TL); 3.618 g/L and 4.0 fish/L, 16.986 g/L andR@sh/L, and 60.145 g/L and 68.3
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fish/L for small juveniles (36-47 mm TL); and 1.68A and 0.4 fish/L, 14.346 g/L and
2.7 fish/L, and 53.942 g/L and 8.4 fish/L for lajgeeniles (57-95 mm TL). All
experiments were conducted within closed recircudggystems. Larval Gila chub were
tested in 11 x 11 cm cylindrical, acrylic, floatipgds set to contain about 0.25 L of
water. Experimental pods were set within a 34@dtangular glass tank which gravity
fed water to a smaller 189-L rectangular glass tanishich water was then pumped back
to the larger tank. The smaller tank was fittethvi recirculating bio-filters with a
maximum combined filtering capacity of 3784 L/hod?bottoms consisted of stainless
steel mesh (0.25-mm open-space). A drip systemwell each pod to receive a flow of
at least 2.4 mL/s. Small juvenile Gila chub wesstéd in floating hard plastic pods (9.6
X 9.6 X 9.6 cm) set to contain 0.25 L water. Pwdge contained within 38-L aquarium
tanks. Large juvenile Gila chub were tested irb4.48.5 x 22 x 25.4 cm) sections of
standard 38-L aquarium tanks. All juvenile tamlese fitted with a recirculating bio-
filter with a filtering capacity of 1135 L/h. TasKor all experiments were maintained
near 24°C. Experiments ran for 33 d for Gila cltaubae, 48 d for small juveniles, and
45 d for large juveniles.

Larval Gila chub were euthanized with MS-222 (34amenzoic acid ethyl ester)
prior to measurement. Initial larval measuremevese derived from a random
subsampler(= 20) acquired within 24-hr of hatching. FinaMal measurements were
derived from a random subsamphe=(10) of survivors from each treatment group. We
measured wet-weight (to nearest 0.0001 g) of a4 Ghub using an electronic scale.
Particular care was taken to systematically renexeess water from all larval Gila chub

prior to measurement. We used an ocular microntetereasure initial length (to nearest
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0.1 mm) of larval Gila chub and calipers to meagduna length (to nearest 0.1 mm) of
larval Gila chub. We measured length (to nearestri) of juveniles using a measuring
board.

Each replicate group of larval Gila chub was feéxoess four times daily using a
combination of thawedrtemia sp. nauplii (Hikari Bio-Pure, Hikari, Inc.) and kdiri
First-Bites (Hikari, Inc.). Each replicate groufjuvenile chub was fed to excess three
times daily using a combination of thawed chirondharvae and Hikari Micro Pellets
(Hikari, Inc.) (small juveniles) or Silver Cup (Melin and Sons, Inc.) (large juveniles).

We used one-way analysis of variance (ANOVA) ta tessignificant
differences in mean weight and length gain, andgugrsurvival, of larval and juvenile
Gila chub among test temperatures. If a statistisggnificant (P < 0.05) difference was
detected in ANOVA tests, we used a Tukey-Kramer H@iDtiple Comparison

Procedure to identify which means differed.

Results

Spawning and Hatching

Gila chub taken from Sabino Creek, Arizona in Maatla temperature of 12.3°C
spawned at 14.93°C within 10 days of initial intugtion into the lab. Gila chub
consistently spawned in the laboratory thereafiétout hormonal, chemical,
photoperiod, or drastic temperature and substrat@pulation, during all times of the
year. Spawns were noted at temperatures rangngdbout 15 to 26°C; however, we
noted that Gila chub were more reluctant to spawermaperatures above 24°C. Most

trials were conducted between 18-24°C and groulafwould usually spawn within
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14 d of tanks being set up for spawning within tiaisge.

Spawning behavior of Gila chub was observed s¢vienes in the laboratory and
for those acclimated, behavior appeared littleciéf@ by observers. Before spawning,
several presumed males chased what appeared tlohe f@male. Presumed males were
often noted to have more vivid spawning colors tfeamnales. In addition to orange/red
spawning colors, strong, dark-colored lateral bagdavas noted on the most active fish.
Nudging and possible nipping of the female postbrioy males was noted. The actual
release of gametes was often immediately precegedsbght upward turn and then a
light to violent shudder by the female, especialhen against a rough surface or wedged
between in-tank structures. Roughly 30 eggs waleased during each act. Following
the act, nearby fish, including perhaps those wewlin the act, immediately began
eating available eggs. Such spawning acts weeateg several times by what appeared
to be the same female. Video footage taken inaiberatory confirmed the
aforementioned behavior. Spawning events oftaedasver an hour.

Total number of viable eggs counted following avepaanged from 106 to 2750
(mean = 1044; SD = 667) and egg counts had no obviationship to temperature at
time of spawn. Mean percent of non-viable eggstenifrom total following a spawn
was 6.36 % (SD = 8.8). Eggs of Gila chub were deatigadhesive, ovoid, and
translucent with about the inner 80-90% of the adight yellow cream color and the
remaining colorless. Mean diameter of fertilizgdyg about 24 h after spawn was 2.16
mm (SD = 0.05). Not including spawns affected lnygal outbreaks, mean hatch rate
was 99.43% (SD = 1.39). We found a strong invensar relationshipré = 0.88; df = 1,

32;P < 0.001) between mean incubation temperatureiareto hatch for the
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temperature range examined (Figure 1). The reigressgjuation for this relationship
was:

Time to Hatch = 21.77 — 0.72 Mean Incubation Terapge
Mean length and weight of larval Gila chub<20) within 6 h or less of hatch was 6.55
mm TL (SD = 0.12) and 1.69 mg (SD = 0.29), respetyi Larval Gila chub remained
benthic upon emergence. Slight yolk present umaohhwas quickly reduced and swim-
up appeared to occur within the first 48 hoursrvabGila chub accepted several types

of natural and prepared/commercial feeds upon exagefeeding.

Feed Type

Mean length gain of larval Gila chub was signifittg different (ANOVA =
6.649 df = 2, 13P = 0.010) among feed types with the commercial faggerforming
the others (Figure 2). Mean weight gain showeidndas pattern with respect to feed
types but the difference was not found to be sieéiby significant (ANOVA = 1.208; df
=2, 13;P =0.330) (Figure 3). Mean percent survival o¥&iGila chub was
significantly different (ANOVA = 6.087 df = 2, 1® = 0.013) among feed types with a
consistently higher survival for those groups Agtémia sp. nauplii (Figure 4). Few
oddities in overt fish health were noted during éxperiment, and development largely
followed growth rates.

Mean length gain of small juvenile Gila chub wagnsicantly different
(ANOVA =9.096 df = 4, 5P = 0.016) among feed types with chironomid larvae
strongly outperforming the remaining commercialdeéFigure 5). As in the larval

experiments, mean weight gain for small juvenilesvged a similar pattern with respect
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to feed types but the difference was not foundetstatistically significant (ANOVA =
3.011; df = 4, 5P = 0.128) (Figure 6).

Mean length and weight gain of large juvenile Gitb was significantly
different (ANOVA = 7.076 and 11.725; df = 4,B= 0.027 and 0.009, respectively)
among feed types with chironomid larvae stronglgpetforming the remaining
commercial feeds (Figure 7 and 8). Outside of éscapees for both small and large
juvenile experiments, survival was 100% for alllieade tanks and no oddities in overt

fish health were noted during either experiment.

Temperature

Mean weight and length gains of larval Gila chudrevsignificantly different
(ANOVA =6.87 and 11.05; df = 3, & = 0.05 and 0.03, respectively) among test
temperatures. Growth of larval chub increase@perature increased up to 28°C but
decreased markedly at 32°C (Figure 9 and 10). Meaght gain of larval Gila chub was
significantly greater at 28°C than 20°C and 32¥Gere was weak evidence (ANOVA =
2.76; df = 3, 8P = 0.11) that survival of larval chub differed angdlest temperatures,
with larval chub surviving best at 24°C (Figure.1There was strong evidence (Chi-
square = 31.11P < 0.001) that spinal deformities of larval Gilaubhdiffered among test
temperatures. Spinal deformities were presentmost half (47%) of the larval chub
reared at 32°C, less common (23%) for those restr2d°C, and non-existent for those
reared at 20°C and 28°C. No other overt abnornesikitere noted.

Although a positive trend with increasing temperasuvas sometimes apparent

(Figures 12-15) there was no statistical eviderigedfference in mean weight and
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length gain for small (ANOVA =0.17 and 1.80; dB=8;P = 0.91 and 0.22,
respectively) or large (ANOVA = 0.47 and 0.67; dB8=8;P = 0.70 and 0.59,
respectively) juvenile Gila chub among temperatundsrtalities were all but non-
existent (one accidental) for either juvenile stk&ss. All juvenile Gila chub tested

appeared overtly healthy throughout the experiment.

Density

There was convincing evidence that mean lengthageight gain of larval Gila
chub was significantly different (ANOVA = 66.201cat5.637; df = 2, 9P < 0.001 and
0.001, respectively) among rearing densities. Meagth and weight gain deceased as
rearing density increased (Figure 16 and 17). @econvincing evidence that mean
percent survival of larval Gila chub was signifidgrdifferent (ANOVA = 25.258; df =
2, 9;P < 0.001) among rearing densities with a consibtdmngher survival for those
groups reared at a low density (Figure 18). Feditas in overt fish appearance/health
were noted during the experiment and developmegélafollowed growth rates.

Mean length gain of small juvenile Gila chub wagmsicantly different
(ANOVA =5.025; df = 2, 9P = 0.034) among rearing densities being leastifosé
reared at a high density. However, the multipleparisons procedure used was unable
to identify which treatments statistically differ@igure 19). Mean weight gain of small
juvenile Gila chub was significantly different (AN@\ = 7.418; df = 2, 9P = 0.012)
among rearing densities, being greatest for thesreed at a moderate density (Figure 20).
Survival was 100% for all density treatments wittedl juvenile Gila chub and no

oddities in overt fish appearance/health were nofdtere is convincing evidence that
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mean length and weight gain of large juvenile Gilab was significantly different
(ANOVA = 22.241 and 88.155; df = 2, B;< 0.001, respectively) among rearing
densities. Mean length and weight gain deceaseebaimig density increased (Figure 21
and 22). For large juvenile Gila chub, survivatl dack of oddities in fish
health/appearance was at or approached 100% fderdity treatments. Evidence of

reproductive activity (eggs) was noted in one matieand high density treatment tank.

Discussion

Although maximizing production is likely not a magoal in the culture of many
imperiled native fishes at this time, there areinics benefits to an efficient grow-out
phase when producing fish for stocking and othfaresf. Faster grow-out to a certain
size allows stocking for a greater part of the yesay lower feed and labor costs, and
may increase available rearing space. Where misesvare present, stocking of larger-
size individuals may be necessary to lower theis ldue to predation (Marsh and Brooks
1989).

Much life-history information can be learned wh@awning and culturing a
species. Often this life-history information isfidiult to observe in nature. Life-history
information can help identify factors limiting naélland introduced populations. Former
culture studies have provided vital information fleany federally-listed threatened or

endangered species (Johnson and Jensen 1991).
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Spawning and Hatching

The highly adhesive nature of Gila chub eggs cteeltallenges when first trying
to efficiently process the eggs and develop thergasoin a timely, efficient, space-
saving fashion. Preliminary efforts to remove dladesive eggs of Gila chub and
subsequently rear them were largely unsuccesBfakes et al. (1999) were able to
remove adhesive fish eggs and incubate them. Ggavning substrates proved difficult
to clean thereby leading to higher losses of eggstd fungal outbreaks. Our described
spawning set up allowed most of the spawned egfgltihrough the grating and adhere
to the glazed ceramic tiles. The grating allowadpirotection of the eggs from adults
and the tiles provided an easily cleaned and hdrgitlstem for transfer and counting.
Some eggs were cannibalized prior to falling thfotlge grating. Cannibalization of
eggs may be reduced by having spawning tanks cootdy a single brood pair. Itis
unknown how such pairing would affect spawning vatra Debris was easily rinsed off
tiles with eggs and the slick nature of the surfaeg have been a contributing factor.
Rakes et al. (1999) used unglazed ceramic tiléscibtate spawning in species that
spawn in crevices or angled spaces behind curtéatcessible to fish, an unglazed or
rough tile surface may offer a more natural feel patential spawning stimulus than
glazed tiles, or allow for a stronger attachmenbpfor eggs. However, in situations
where contact is unnecessary the more easily desutestrate is advantageous, and Gila
chub eggs strongly adhered to the slick glazedisarf The equipment needed for our
spawning set-up was inexpensive and most partsl dtmufound at a typical hardware

store and easily modified to fit varying needs.n€&touction, maintenance, and
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monitoring procedures related to our spawning systel require a good deal of labor
however.

Schultz and Bonar (2006) stated reproduction o Giilub in Bonita Creek and
Cienega Creek, Arizona commenced in February, gkeakthe beginning of spring, and
dropped off as summer began. Additional spawnatiyity in the fall was suggested by
some of the data. Our observations suggest thatrspg of Gila chub in captivity is
possible year-round. Multiple spawnings per yearipdividual are likely given our
observations. However, it is unknown at this tiwleat mechanism triggered Gila chub
to spawn out of season within the laboratory. VW& €ollected Gila chub broodstock
from Sabino Creek, Arizona at 12.3°C and beganraating them to laboratory
conditions. Within ten days of collection thesshfhad spawned at 14.93°C. Because
Gila chub first spawned without much of a tempa®itncrease and readily spawned at a
variety of temperatures without inducement aftedsawe cannot say that temperature
manipulation is necessary to spawn Gila chub inici&g@ However, temperature
manipulation was helpful to spawn other similarc@® in captivity, including Yaqui
chubGila purpurea and Mohave tui chuila bicolor mohavensis (J. Kline, T.
Archdeacon, and S. Bonar, University of Arizonapublished Data). Minckley (1973)
noted Gila chub had an extended spawning regime@hatively constant spring-fed
pond. The goal of maximizing fitness via reprodweeffort and success of future
progeny is central to evolutionary theory. Thetadgeproductive efforts may be
lessened over time within environmentally stablirmments having moderate, less
variable temperatures, consistent high quality feesburces, consistent access to mates,

and/or reduced predator threats.
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Gila chub often take on brilliant orange/red colatgen in a heightened
reproductive state. A previous field study we pgrated in described reproductive
colors and a subsequent rating system for Gila ¢Babultz and Bonar 2006). We found
those Gila chub releasing gametes upon collectidhe field ranged in spawning color
from moderate to very strong. The most intenselgred Gila chubX strong spawning
colors) were found at daytime water temperatures fabout 12-28 °C in two different
streams. Spawning colors for Gila chub were nttealighout the year in the laboratory
but often failed to achieve the intensity of colorshe field. Gila chub presumed to be
males (due to spawning behavior and growth indaberatory) expressed a greater
intensity in spawning coloration than other capt&ita chub. This is supported by field
data as males dominated the catch of Gila chulmgastrong and very strong spawning
coloration (Schultz and Bonar 2006). Based on sjyayvcoloration patterns, Nelson
(1993) hypothesized Gila chub in Cienega Creekzdxra greater than 75 mm could
spawn. Qualitative observations in the laborasupgport this claim that the Gila chub
can mature quickly under intensive conditions.haiigh spawning coloration is
undoubtedly related to the reproductive cycle ias clear if a definitive relationship
exists between intensity of spawning colors anetbefore spawning

Chasing behavior attributed to spawning activitysi chub in the wild (Bonita
Creek, Arizona) was similar to that observed inldi®ratory (Schultz and Bonar 2006).
Minckley (1973) described similar behavior for Gelaub in a pond where large
presumed females were followed by numerous smaléssumed males.

The total counts of eggs following a spawn in dudg should be considered

slight to moderate underestimates due to cannddadiz of eggs prior to falling through
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the protection grid, and any loss of eggs fronstdaring transfer. In addition, heavy
disturbances (e.g., cleaning activity) could arspstwning activity and may account for
occasional spawns of low magnitude. There wasr&adalisparity between estimates of
fecundity from the enumeration of actual spawnthelaboratory and extrapolation of
total ova from ovaries of sacrificed Gila chub iretated field study (Schultz and Bonar
2006) that could not be explained by size diffeesnar partial cannibalization in the
laboratory. The actual production of viable oosyfinctional fecundity) may differ
from true reproductive potential due to incomplgtawning or degeneration and
resorption of oocytes (Crim and Glebe 1990). litespf the strong relationship noted
between mean incubation temperature and time thhateasurement of time to hatch
was likely biased at times as detection of a spagvoccurrence or final hatch was
dependent on visual observation.

Roundtail chuliGila robusta, a closely related but larger species, had atarge
mean fertilized egg diameter and length at hatcatfit al. 1985) than our results for
Gila chub. A formal description of Gila chub laevaas not undertaken as part of our
study but given the consistency with which Gilalehull spawn in the laboratory and
the proven ability to rear young to the juvenileggt, specimens needed for a larval
developmental series should be possible to obtain.

The ability to domesticate and spawn adult fisk species without inducement
may greatly reduce effort and costs in producteorg be deemed advantageous when the
synchronicity and timing of cohorts is not a priyri Our results provide the first
published data on spawning and selected reproducharacteristics of larval Gila chub.

Our observations have shown that given proper @ageenvironmental conditions, Gila
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chub have the ability to spawn year-round withowdiicement or natural surroundings,
with likely multiple spawning attempts per year patividual possible. In addition hatch
rate of eggs is often high and larval Gila chubept@ variety of natural and formulated

feed types at first feeding.

Feed Type

It is not uncommon for natural feeds to outperf@gmepared/commercial feeds
with respect to growth (Barrows and Hardy 2001arval stages of many species of
fishes grow and survive better on natural feed ¢hke et al. 2001; Mohler et al. 2000;
Bardi et al. 1998). While survival of larval Github was greater for those fed a natural
feed, growth was comparable to slightly bettertfmse fed the commercial diet.
Mischke (2001) had similar results for larval blilegepomis macrochirus. It is possible
that someArtemia nauplii are too large for first-feeding larval &ithub to handle which
may account for it not outperforming the commerdiat with respect to growth. We
observed several unsuccessful feeding attemptadllGila chub before they found an
Artemia they could ingest. Alternative feeds that arellnar co-feeding (Rosenlund et
al. 1997) may prove necessary to optimize growthsanvival of first-feeding larval Gila
chub.

Although differences in growth of juvenile Gila dhamong natural and
commercial diets were obvious, we did not idenifyommercial feed that consistently
outperformed other commercial feeds. A more lepgtperiment may be needed to

reveal differences among prepared/commercial fgeeist
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Prior to our feeding experiments we discovereddb@ila chub would consume
thawedArtemia nauplii with similar enthusiasm to liv&rtemia nauplii. It is unknown if
live or thawedArtemia affect growth of Gila chub differently. Mohler &t (2000) found
Atlantic sturgeorAcipenser oxyrinchus oxyrinchus fed thawedArtemia nauplii grew
slower than, but had similar survival to, thoselfed Artemia. We noted that thawed
Artemia drifted similarly to liveArtemia when a slight flow was present in tanks. The
use of frozen natural feeds produced off site mtwtiArtemia was readily available,
and we did not have to cultufetemia on site, which is labor intensive. While an
economic evaluation was not included in our stiidg, likely commercially available
frozen natural feeds are more costly per nutriiakeie than most prepared/commercial
feeds. Maximum survival and health of larval cdbas often valued over short-term
cost disadvantages and may be more pronouncenhpariled species such as Gila chub.
While growth was comparable to slightly less fawéd Gila chub fed a natural rather
than a commercial larval fish diet, survival wagngiicantly higher for larval chub fed
the natural diet. Both growth and survival maydnbeen increased for larval Gila chub
had a smaller natural feed been given for the fenstdays of exogenous feeding.

Although comparing growth to specific nutritiveoperties of diets was not
central to our design, trends in growth with respeautritive differences among feed
types (e.g., protein) were unclear. Our study gew initial guidelines for the feeding of
larval and juvenile Gila chub. Further studied \wé needed to identify proximate
compositions of diet that will optimize the growsurvival, and health of Gila chub.

In summary our investigation demonstrated thatdb@ila chub survived

significantly better, but grew comparably to slighHess, when fed a natural diet (i.e.,
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Artemia nauplii) versus a commercial larval fish diet ahitken egg-yolk powder.
However, further investigation of the efficiencyampwhich first-feeding larval Gila chub
handle and inge#rtemia nauplii is warranted given observations madepfiears
prepared or commercial feeds can be used to neal l&ila chub but longer-term
growth, survival, and health was not studied. dugesila chub clearly grew better
when fed a natural diet (i.e., chironomid larvae)sus any of the commercial diets we
tested. However, survival and overt health waslairfor both commercial and natural
diets. Based on feeds tested, we recommend I&ilathub be fed a natural diet if
survival is paramount to objectives. Based onddedted, we recommend juvenile Gila
chub be fed a natural diet if faster growth is pavant to objectives. Further work is
suggested to define the nutritive requirementsidendtify the most efficient feeding

regimen for Gila chub.

Temperature

Of the temperatures we tested, optimal temperdturarval Gila chub growth
was 28°C, while optimal temperature for their sua/iwas 24°C. Juvenile Gila chub
seemed to grow best between 26-29°C but statigliif@lences were not apparent. A
statistically significant difference in growth angptest temperatures for juveniles may
have been revealed employing a more lengthy exeetina wider range of test
temperatures, or more replicates for a more powssét. The temperature at which
highest growth rate occurs is probably optimalnfmrst physiological processes

(Harrelson 1988). However, factors independemgrofvth can shape criteria when
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determining optimal culture temperature. Diseaaed,resistance to certain diseases, can
vary with temperature (Harrelson 1988) and are gdweaconcern.

Higher growth as temperatures approach an optinsunell known and likely
related to an increase in food intake, metabolemd, nutrient absorption, as well as other
factors (Brett 1979; Harrelson et al. 1988; Kralak 1992; Jobling and Baardvik 1994;
Koskela et al. 1997; Deng et al. 2002). Our tesise conducted under relatively well-
controlled laboratory conditions. Study of growatid other factors under more variable
conditions, such as outdoor ponds, is needed flarcbub. Growth rates can be greater
in a cyclic than a static temperature regime (Haore 1988).

Although other factors are certainly involved, eertrearing temperatures may
result in an increase in size variability (Britzddrdecht 1987), which may promote
cannibalism of siblings in certain species (Coutard DeAngelis 1983). We found no
pattern with regard to size variability and rangthim temperature groups but significant
differential growth of a certain individuals withancohort of Gila chub over time has
been noted repeatedly in our laboratory.

Based on the parameters of our study, for optimakth and survival we
recommend larval and juvenile Gila chub be rearechf24-28°C and 23-29°C,

respectively.

Density

Our data strongly supported that rearing dengfgcted growth of larval and
large juvenile Gila chub. The relationship of dgnt small juvenile growth was less

clear. Mean length gain of small juvenile Gila bldecreased as density increased;
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however we cannot explain why there was not theesaationship was not present with
regard to weight gain. The inverse relationshippveen rearing density and growth of
larvae and juveniles shown in our study has beésdnior other species of fishes
(Rahman 2005; Sahoo et al. 2004; Anderson et BR;2bdun et al. 2002; Irwin et al.
1999).

Larval Gila chub survived better at low rearing sidas. This has been noted for
other fishes as well (Sahoo et al. 2004; Alvarentatez 2001). We found little effect
of rearing densities we tested on survival of eigmall or large juvenile Gila chub over
the course of our experiment. Anderson et al. 22@@und no effect of rearing density
on the survival of juvenile bluegillepomis macrochirusin a longer study. The low
percentage of mortalities (other than accidentalie during our experiments with
juvenile Gila chub took place in high density treants. In addition, high density
treatments for large juveniles actually causedsa Io weight over a 45-d period. Thus, it
is possible the mechanism(s) affecting growth ¢d@hub in high density treatments
may have eventually led to a significant increasmortality rates during a more lengthy
experiment.

Irwin et al. (1999) correctly mention relationshipstween density and growth
may not always be uniformly negatively or positivkhear, and that a threshold level
may exist for certain species. Our study was cotetliat three broadly separated rearing
densities and it is unknown how growth and survofabila chub between these ranges
would be influenced and what type of relationsl@psst therein. It is unknown by what

mechanism(s) rearing density effects the growthsamdival of larval and juvenile Gila
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chub as observations of social interactions, imtligl behaviors, and physiological
measurements were not conducted, or were limit@ahgl our study.

As referred to prior, the effect of rearing densipon Gila chub is undoubtedly
influenced by surrounding factors. The effect efisity upon Gila chub in more natural
and/or variable conditions such as outdoor ponddilely vary from our results. The
probable interactive effects between density atal factors such as feeding regime,
temperature, and water quality, warrants studyithiéamore, our results are for closed
recirculating systems, other types of systems nff@gtagrowth patterns in relation to
rearing densities differently. Given the incregdimitations on space, water use, and
funding often encountered by hatchery managerscueadting systems may become
more prevalent in the future.

Our results provide the first published data ondtiects of certain rearing
densities upon growth and survival of Gila chullhe3e results may assist in formation of
preliminary guidelines for initial stocking and thiag densities for Gila chub, with
possible relevance to other similar species. Rewended initial stocking densities for
Gila chub are dependent upon management objectitesiever, based on the densities
we tested, if growth and/or survival of larval Gidlaub are desired over other
considerations we recommend initial stocking dgrstidy near 39 fish/L. For juvenile
Gila chub all densities tested appear acceptabledst in the short term) with regard to
survival. If maximizing growth rate of juvenile I@ichub versus initial stocking density
is important we recommend approximately 16.986fgflsmall juveniles and
approximately 1.681 g/L for large juveniles be us€&drther research is needed to further

define the relationship(s) and any thresholds betwearing density and growth/survival
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for early life stages of Gila chub and will undoedhly affect recommendations. We
recommend further research for closed recirculatygiems concentrate on testing
densities within the range of the low to moderegatinent levels employed during our
study.

The future of Gila chub may someday depend on utifithe species. The
increasing prevalence and importance of cultunmgeriled fish species as a
conservation and management strategy (Johnsoreasdrd 1991; Modde et al. 1995) is
a regrettable reality. Nonetheless it can be agpfuvtool when needing stock to
repatriate extirpated populations or establishgefpopulations. Culture techniques can
also be used to perpetuate a species during a.ctiack of such knowledge has led to

the extinction of certain species (Minckley and B@al991).
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FIGURE 1.-Time to hatch plotted against mean intohaemperature (with linear

regression fit) for larval Gila chuBila intermedia.

r2=0.88; df = 1, 32P < 0.001
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FIGURE 2. - Mean length gain (with standard errfathe mean) per feed type for larval
Gila chubGilaintermedia. Feed types include thawédtemia sp. nauplii (Hikari Bio-
Pure Baby Brine Shrimp), chick&allus domesticus egg-yolk powder, and a
commercial larval fish diet (Hikari First-Bites}eed types not connected by the same

letter are significantly differen(< 0.05).
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FIGURE 3. - Mean weight gain (with standard errbthe mean) per feed type for larval
Gila chubGilaintermedia. Feed types include thawédtemia sp. nauplii (Hikari Bio-
Pure Baby Brine Shrimp), chick&allus domesticus egg-yolk powder, and a

commercial larval fish diet (Hikari First-Bites).
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FIGURE 4. — Mean percent survival (with standambeof the mean) per feed type for
larval Gila chubGila intermedia. Feed types include thaw@dtemia sp. nauplii (Hikari
Bio-Pure Baby Brine Shrimp), chické&®allus domesticus egg-yolk powder, and a
commercial larval fish diet (Hikari First-Bites}eed types not connected by the same

letter are significantly differen(< 0.05).
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FIGURE 5. — Mean length gain (with standard errfathe mean) per feed type for small
juvenile Gila chulGilaintermedia. Feed types include thawed chironomid larvae
(Hikari Bio-Pure Blood Worms) and four commercieétls (Wardley Staple Food Flakes
[Feed 1], Golden Pearls Weaning Diet [Feed 2], Hikhcro Pellets [Feed 3], and Silver
Cup [Feed 4]). Feed types not connected by the detter are significantly differenP(

<0.05).
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FIGURE 6. — Mean weight gain (with standard errbthe@ mean) per feed type for small
juvenile Gila chulGilaintermedia. Feed types include thawed chironomid larvae
(Hikari Bio-Pure Blood Worms) and four commercieétls (Wardley Staple Food Flakes
[Feed 1], Golden Pearls Weaning Diet [Feed 2], Hikhcro Pellets [Feed 3], and Silver

Cup [Feed 4]).
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FIGURE 7. — Mean length gain (with standard erfdfathe mean) per feed type for large
juvenile Gila chulGilaintermedia. Feed types include thawed chironomid larvae
(Hikari Bio-Pure Blood Worms) and four commercieéfls (Golden Pearls Weaning and
Juvenile Diet [Feed 1], Hikari Micro Pellets [Fe2ld Wardley Premium Shrimp Pellets
[Feed 3], and Silver Cup [Feed 4]). Feed typdsoanected by the same letter are

significantly different P < 0.05).
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FIGURE 8. — Mean weight gain (with standard errbthe mean) per feed type for large
juvenile Gila chulGilaintermedia. Feed types include thawed chironomid larvae
(Hikari Bio-Pure Blood Worms) and four commercieéfls (Golden Pearls Weaning and
Juvenile Diet [Feed 1], Hikari Micro Pellets [Fe2ld Wardley Premium Shrimp Pellets
[Feed 3], and Silver Cup [Feed 4]). Feed typesonanhected by the same letter are

significantly different P < 0.05)
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FIGURE 9.-Mean weight gain (with standard errothef mean) per test temperature for
larval Gila chubGila intermedia.
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FIGURE 10.-Mean length gain (with standard errothef mean) per test temperature for
larval Gila chulGila intermedia.
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FIGURE 11.-Mean percent survival (with standar@deaf the mean) per test

temperature for larval Gila chukila intermedia.
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FIGURE 12.-Mean weight gain (with standard erroth&f mean) per test temperature for

small juvenile Gila chulgila intermedia.
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FIGURE 13.-Mean length gain (with standard errothef mean) per test temperature for

small juvenile Gila chulgila intermedia.
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FIGURE 14.-Mean weight gain (with standard erroth&f mean) per test temperature for

large juvenile Gila chulsila intermedia.
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FIGURE 15.-Mean length gain (with standard errothef mean) per test temperature for

large juvenile Gila chulsila intermedia.
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FIGURE 16.-Mean length gain (with standard errothef mean) per rearing density for
larval Gila chulGila intermedia. Density levels not connected by the same latier
significantly different P < 0.05).
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FIGURE 17.-Mean weight gain (with standard erroth&f mean) per rearing density for
larval Gila chulGila intermedia. Density levels not connected by the same latier
significantly different P < 0.05).
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FIGURE 18.-Mean percent survival (with standar@deaf the mean) per rearing density
for larval Gila chulGila intermedia. Density levels not connected by the same latter

significantly different P < 0.05).
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FIGURE 19.-Mean length gain (with standard errothef mean) per rearing density for

small juvenile Gila chulgila intermedia.
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FIGURE 20.-Mean weight gain (with standard erroth&f mean) per rearing density for
small juvenile Gila chulsila intermedia. Density levels not connected by the same

letter are significantly differen(< 0.05).
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FIGURE 21.-Mean length gain (with standard errothef mean) per rearing density for
large juvenile Gila chulsilaintermedia. Density levels not connected by the same letter

are significantly differentR < 0.05).
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FIGURE 22.-Mean weight gain (with standard erroth&f mean) per rearing density for
large juvenile Gila chulsilaintermedia. Density levels not connected by the same letter

are significantly differentR < 0.05).
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TABLE 1. — Nutrient analysis (percent, by weight; from datpied by feed manufacturers) of
2 natural diets (enriched and processed by manaéast frozerArtemia sp. nauplii and frozen
chironomid larvae, Hikari Bio-Pure, Hikari, Incc&7 prepared/commercial diets (chicken egg-
yolk powder, John Oleksy, Inc.; Hikari First-Bitasd Hikari Micro Pellets, Hikari, Inc.;

Wardley Staple Food Flakes and Wardley Premiumrm@hRellets Formula, Hartz Mountain,
Co.; Golden Pearls Weaning and Juvenile Diet, BEhemp Direct, Inc.; Silver Cup, Nelson
and Sons, Inc.) fed to three size classes of Gild Gilaintermedia. Values for protein and fat
represent minimum guaranteed levels, and fiberspiorus, and moisture represent maximum

guaranteed levels. Values specific to Silver Gppaesent a range of minimum or maximum and
typical guaranteed levels.

Diet Protein Fat Fiber Ash  Phosphorus Moisture Size Class Fe
Artemia sp. nauplii* 6.8 1.5 1.2 86 Larval
(47) (5.5) (0.5) (0.1) (6)
Chironomid larvae* 6 0.5 0.9 89 Sm. and_ Lg.
Juvenile
(65) 5) (3.5) (0.1) (6.5) (6.5)
Egg-yolk powder 34.25 55.8 3.4 <1 2.95 Larval
Hikari First Bites 48 3 1 15 1.3 10 Larval
Hikari Micro Pellets 42 4 3 12 19 Smandig
Juvenile
Sm.
Wardley Staple Flakes 40 4 5 8 .
Juvenile
Wardley Shrimp Pellets 30 3 10 10 Lg. .
Juvenile
Golden Pearls 60 18 15 8 Sm. anq Lg.
Juvenile
Silver Cup 4851 1416 31 129 <1 Sm-andlg.
Juvenile

* Values in parentheses are for for a dried versibthe feed type.



