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COLORADO RIVER ENDANGERED FISH



REFERENCE NUMBER 001

CITATION Minckley W L D G Butb and RL Mayden 1989 Origin of
brood stock and allozyme variation in hatchery reared Bonytail an

endangered Nonh American Cyprinid Fish Transactions of the
American Fisheries Society 118 2 435440

SPECIES AND LIFE STAGE BT BT ADULT

TOPICS Research

KEYWORDS GENETICS ALLOZYME VARIATION BROOD STOCK
BONYTAIL

SUMMARY Allozyme variation was electrophoretically ertmined from 45 loci in 24 F2 fish from Dexter
NFH Variation was comparable to average values recorded for other western cyprinids No
unusual morphologic abnormalities in Dexter brood stock were noted
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REFERENCE NUMBER

CITATION

002

Ammerman LK and D C MorizoL 1989 Biochemical genetics of

endangered Colorado squawfish populations Transactions of the
American Fisheries Society 118 4 435440

SPECIES AND LIFE STAGE CS CS ADU

TOPICS Life history Production Research

KEYWORDS GENETICS BROOD STOCK ELECIROPHORESIS

SUMMARY Genetic make up of two wild populations of Colorado squawfish and two hatchery stocks were
found to be very similar One hatchery stock was derived from three females and 10 males
from a group of twenty nine wild fish collected from the upper Colorado and lower Green
rivers in 1978 and 1979 The other hatchery stock was derived from one female and five males
from a group of eight fish collected from the Yampa River in 1973 and 1974

Vertical starch gel electrophoresis was conducted on muscle liver fin and braineye tissues by
the Siciliano and Shaw 1976 method At least 9 of 44 identified loci were polymorphic Five
of these 9 can be identified from fin tissue which can be taken non lethally Heterozygosities
were high 26 53 and polymorphic loci were also high 9 1 13 6 as compared to a

congener Sacramento squawfish 42 The Dexter stock from the Green and Colorado rivers
bas gained an allele not detected but probably present in low frequencies in natural
populations Four other loci exhibited allelic variation in two or more populations Deviation
of two loci from expected Hardy Weinberg proportions existed in the Green River population
and suggest reduced gene tlow between localities Greater divergence may be seen after
several more generations of breeding in these captive populations unless such variability is
preserved by carefully designed breeding programs
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REFERENCE NUMBER

CITATION

003

Hamman RL 1989 Survival of Colorado squawfish cultured in
eanhen ponds Progressive FlSh Culturist 51 1 27 29

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

CS CS LAR CS JUV CS ADU

Production Culture techniques Diet ute History

SPAWNING REARING DIET POND FECUNDITY CLAM
SHRIMP

Swim up fry and fingerling Colorado squawfish were reared in eanhen ponds Ponds averaged
3 feet in depth and 0 890 98 acre fry and 0 98108 acre fingerling Fry were stocked

105316 137 438 per acre in each of three ponds Fry at stocking averaged 95340 104 420
fish per pound Fmgerlings were stocked 52978 55 424 per acre in each of two ponds At
stocking fingerlings ranged from 980 1088 fish per pound Fry were feed commercial trout
feed at an undetermined rate as a supplement to natural plankton Fingerlings were eed 1
and 2 granules at 5 0 of body weight daily from time of stocking Fry survival at 50 days
averaged 328 Fmgerling survival at 88 days averaged 927 Twenty five females from the
1974 Dexter National FISh Hatchery stock were induced to spawn by injection of acetonedried

carp pituitary Average weight was 4 7 lb and mean fecundity was 82576 eggs

Ponds used for swim up fry were fenilized 10 days prior to stocking with alfalfa pellets 300
lblacre and superphosphate 50 lb acre Rotifers and cladoceraus were present in ponds
Clam shrimp Cyzicus sp occurred in ponds creating excessive turbidity This crustacean was
conuolled with Masoten trichlorfon at 0 25 ppm three days prior to stocking of fry This
affected plankton populations and contributed to low percent survival of these fish
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REFERENCE NUMBER

CITATION

004

t1amman RI 1982b Spawning and culture of humpback chub
Progressive Fish Culturist 444 213 216

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

HB HB EGG HB LAR liB ADULT

Production Culture Techniques Temperature Life History

SPAWNING BROOD STOCK TEMPERATURE

SUMMARY Humpback chub were spawned and cultured at Willow Beach National FISh Hatchery
Seventeen wild females ovulated after injection with 4 mg acelOne ried carp pituitary per
kilogram of fish Eight females were stripped manually whereas the remaining nine injected
females spawned naturally in a trout raceway Mean fecundity of the eight females was 2523

Incubation periods ranged from 102 to 146 b at water temperatures of 21 22 C 115 160 h at
1920 C 167 266 h at 1617 C and 304 to 475 hat 12 13 C Egg survival rates were 79 at
21 22 C 84 at 19 20 C 62 at 1617 C and 12 at 12 13 C Survival rates of swim up fiy
were 99 at 21 22 C 95 at 19 20 C 91 at 1617 C and 15 at 12 13 C The length of fiy
placed in raceways had doubled by 21 to 28 days and fingerlings had attained a range of 369
to 475 DUD and 5865 to 887 4 mg by day 56 after hatching
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REFERENCE NUMBER

CITATION

oos

Ifamman R1 1982a Induced spawning and culture of bonytail
chub Progressive FISh Culturisl 444 201 203

SPECIES AND LIFE STAGE BT BT EGG BT LA BT ADU

TOPICS Life History Disease Production Culture techniques Water Quality
Temperature Diet

KEYWORDS ARTIFICIAL SPAWNING EGG INCUBATION REARING
DIET PARASITISM ICTHOPHTHIRUS DISEASE
TREAlMENT LARVAE SURVIVAL

SUMMARY Brood stock were collected form Lake Mohave 1979 1981 Total lengths of 6 females rangedfrom 487 564 IIlJD weight ranged from 956 1500 g Males ranged from 454 480 mm n
and 728 870 g in weighL Females were induced to spawn with intraperitoneal injections of
4 mg acetonedried carp pituitary per kilogram of body weigbL Five of the 6 females ovulated
after 18 20 h FISh were anesthetized prior to injections and held in 20 210C flow throughtanks Mean fecundity was 25 090 eggs or 21514 eggslkg body weighL When slight pressure
expelled eggs they were collected in plastic pans Milt from 1 male was mixed with spermdiluent 12000 mgIL and added to the eggs which were then stirred and washed for 45 Olin
Water hardening took place for 50 mill then eggs were placed on screen trays 14 nun
hardware cloth and tilted 30 to incoming water

Eggs were maintained in flowing systems 75 LImin at three temperatures Eggs at 20 210C
hatched after 99 174 h with 90 survivaL Eggs held at 16 1 hatched after 170 269 h
with 55 survival Eggs held at 12 130C hatched after 334 498 h with 4 survival Larvae
in each case emerged 68 mm TI and began swimming to the surface 48 120 h after hatching
Optimum temperature for reproduction is 20 210C Eggs in cOld water suffered 96
monaIity

Frywere transferred after swim up to lightly fenilized ammonium phosphate and trout staner
circuJating raceways 30 x 24 x 12 m Fry swam in schools and fed on zooplankton for 21 daysafter which they were fed commercial trout staner 0 25 0 5 kgday 4 5 times per day By28 days mean TL was 18 1 nun and after 70 days 495 mID 97 5 g Survival after 70 d was
71

Water temp in raceways varied from 128 24 40C carbon dioxide from 18 4 4 mgLammonia nitrogen from 0 01 0 81 mgL dissolved oxygen from 7 6 10 0 mgIL and pH from
7 8 to 9 0 units On day 42 lcthophthirus multifilis was found on two dead fish Three
treatments on alternate days of fOrmalin at 15 mgL were used Weekly prophylactictreatments were continued
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REFERENCE NUMBER

CITATION

006

Hamman R1 1981a Spawning and culture of Colorado squawfisb
in raceways Progressive Fisb Culturist 43 4 173 177

SPECIES AND LIFE STAGE CS CS ADU CS EGG CS LAR

TOPICS ute History Production Culture Techniques Temp Diet Water
Quality

COLORADO SQUAWFISH BROODSTOCK ARTIFICIAL
SPAWNING NATURAL SPAWNING SUBSTRATE
FECUNDITY PH DISSOLVED OXYGEN AMMONIA
OVERCROWDING TEMPERATURE FLUCIUATION

KEYWORDS

SUMMARY Brood stock consisting of 13 wild adults from the Colorado River between Grand Junction
Colorado and Moab Utah and 14 wild adults from tbe Green River between Ouray and
Jensen Utah and two groups of hatchery reared fish were spawned at Dexter National FISb
Hatchery by several different techniques One group of wild fish were allowed to spawn
naturally in a concrete raceway over substrate of boulders 30 40 em and cobble 4 10 em
water depth ranged from 10 76 em Five wild females were injected with acetonedried carp
pituitary 40 mg in a solution of oxytetracycline hydrochloride 10 ml and allowed to spawn

unaided in a raceway with similar substrate Thirty nine hatchery reared females were injected
at 4 mgkg body weight and 39 were injected at 8 mgkg body weight When eggs could be
expressed these fish were anesthetized and were stripped into plastic pans Water diluted milt
from four males was added to these eggs which were then stirred for 45 min and water
bardened for 50 miD Eggs were poured onto 53 x 53 em trays covered with 14 mm mesh
hardware cloth and angled 300 to an 811min flow and incubated at 20210C or 12 130C

Males began acquiring small tubercles on head operculars and fins in late April at 150C and
had fully developed milt by June at 2ooC Females showed no spawning characteristics until
June Fecundity and survival of fry varied greatly among the treatments Wild uninjected
females averaged 25 000 eggs from which 7500 fry were hatched Hatching began at 96 hand
took place over 48 h Larvae were 65 7 0 mm TL Fecundity of injected wild stock averaged

55000 eggs from which 32500 hatched naturally and 4500 of5 000 eggs incubated as described
above were hatched Hatching began in the raceway at 90 h 22 240C and was complete 40
h later hatching in trays began at 90 h and was complete 30 h later 20 210C All larvae
ranged from 65 75 mm TL Hatchery females owlated about 24 h after one injection and
produced 78540 eggs or 10542 eggs per kilogram of body weight Survival however was low
2000 eggs 3 hatched Eggs incubated at 20 210C began hatching at 96 h and were

complete 25 h later eggs incubated at 12 130C began hatching at 145 b and were complete35 b later No difference in egg fenility or fry survival was noted between the two water

temperatures Fry were reared in previously fenilized recirculating systems held at 23 240C
Oaasional temperature drops of 10000ver 10 min were tolerated by the fish Also an oxygen
depletion from 9 9 mgIL down to 15 mgIL occurred causing only 60 monalities

Injection ofwild fish and subsequent spawning over natural substrate in a raceway was superiorin egg production and hatching success Uninjected wild females had 30 hatching success
injected wild females had 67 success and anificially spawned hatchery females had 3
hatching success FISh were able to endure variable culture conditions including low dissolved
oxygen 15 mgIL high ammonia nitrogen 20 mgIL high carbon dioxide 15 0 mgIL high
pH 9 0
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REFERENCE NUMBER

CITATION

007

flamman RL 1981b Hybridization of three species of chub in a

hatchery Progressive Fish Culturist 43 3 140141

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

BT BT ADU BT EGG BT tAR HB HB ADU

Life History Production Culture Techniques Temperature Diet
Research

BONYTAlL HUMPBACK CHUB ROUNDTAIL CHUB
HYBRIDIZATION SPAWNING FEEDS FECUNDITY EGG
DIAMETER HATClIING TEMPERATIJRE

SUMMARY FIVe bonytail females from Lake Mohave were crossed with roundtail and humpback chub
males at Willow Beach National Fish Hatchery in 1980 Adults were held in concrete tanJcs
with recircuJating systems Water was heated to 20 210C by a liquid propane gas water heater
45 000 BTIJIh and pumped at 1321min from one tank to another return flow was by gravity

Substrate consisting of 50 75 DUD cobble was placed in the upper portion of the raceway
Cobble substrate was not used for natural spawning by the fish FISh were injected with

acetonedried carp pituitary mixed with distilled water 40 mglO ml for bonytail x roundtail
or oxytetracycline hydrochloride 40 mg lO m1 for booytail x humpback Males of each species
produced milt of low viscosity after two injections 24 h apan One bonytail female was ripewhen captured and was oot injected the other females all became ripe after one injection
Upon ripening females were anesthetized with tricaine methanesulfonate 1 20 000 wiped dryand stripped into plastic pans Milt from three or four males was added with water and the
eggs were stirred for 60 miD Some clumping occurred Eggs were placed on screen trays
covered with 1 4 mm hardware cloth angled 300 to an 8 Vmin flow at either 13 or 2Oc After
hatching fry were placed in cages 1xlxlm covered with 05 mm saran filter in an outside
recirculating raceway and fed a staner UOut diet and the natural zooplankton present in the
tank

Bonytail x roundtail three females eight males Eggs 7216 from the uninjeaed bonytail
were not fenile Injected females produced 15862 and 20806 eggs each Egg diameter was
15 20 mm and the volume was 103 eggsml Eggs incubated at 130C developed very slowly

Embryos formed by 96 h but died after 110 h Eggs incubated at 20C hatched by 86 h and
were completed by 95 h Larvae averaged 5 5 65 mm TL All fry were swimming by 96 h
after hatching and averaged 65 7 5 mm TL After 16 days these bonytail x roundtail hybrids
averaged 12 13 mm 11

Bonytail x humpback chub two females five males Eggs from the one bonytail female
stripped were 15 20 mm in diameter and 103 eggsml in volume Fecundity was 22660
Fertilization was as described above Eggs incubated at 120C failed to hatch embryos formed
by 96 h but died after 110 h Eggs incubated at 21oC began hatching at 101 h and were
complete by 172 h Yolk saa were absorbed by 96 h after hatching and all fry were swimmingby 120 h Fry averaged 6 5 7 5 mm TL These hybrids reached 13 14 mm 11 in 15 days

Progeny from each of these crosses persisted for at least seven months and were transferred
to Dexter National FISh Hatchery The combinations of bonytail and roundtail and bonytailand humpback failed to spawn naturally despite their simultaneous sexual maturity and the
presence of seemingly suitable spawning substrate Embryos in eggs from both crosses
incubated at 12 130C failed to sumve to hatching Death of embryos at lower temperatures
suggests one cause for the decline of such endangered species eggs may not survive the low
water temperature characteristic of the upper Colorado River basin

A 7



REFERENCE NUMBER

CITATION

008

Muth RT T P Nesler and AF Wasowicz 1988 Marking
cyprinid larvae with tetracycline American FJSheries Society
Symposium 89 95

SPECIES AND LIFE STAGE CS CS LAR

TOPICS Research Life History

KEYWORDS COLORADO SQUAWFISH PROTOLARVAE LARVAE
IEIRACYCLINE OTOLlTIi MARKING PRESERVATIVES TL

SUMMARY Four day old Colorado squawtish protoJarvae were exposed to different concentrations of
tetracycline hydrochloride over di1Jering lengths of time in an attempt to identify effective
marking tecJmiques FJSh were held in 200 flowing well water troughs and fed live ArtemiJl Spa
nauplii and Tetra Min Fry Diet twice daily Photoperiod was adjusted to 9 h light 15 h dark
at an intensity of 100 Ix At the beginning of this investigation larvae were in swim up stage
and had 50 70 of their yolk saa remaining Total lengths were between 7 5 and 8 0 mm

Exposure times for the different concentrations were 4 12 and 36 h Concentration levels
were 200 350 or 500 mg tetracycline hydrochloride TC per liter aerated distilled water
Distilled water was used as the diluent since TC binds to calcium The pH for each test
solution was adjusted from 3 6 to 687 0 with tris buffer Dead larvae were collected after each
treatment and survival rates were calculated Ten living larvae were sacrificed from each
treatment group immediately after exposure and at weekly intervals after thaL Two
preservation fluids 95 ethanol and 3 formalin were used to ew1uate their effects on mark
retention

Colorado squawfish monality at durations of 36 h was high 71 100 for all concentration
levels of TC Exposures of this duration are not recommended Monalities in the 500 mg TC
solution at 4 h were 16 and at 12 h 24 Monalities were minimal in lower concentration
of TC Exposure to TC had no obvious effects on fish development or behavior Pale yellow
external fluorescence was visible for 15 days following any TC exposure This was most evident
in the yolk and gut regions Fish preserved in ethanol showed this fluorescence more on the
dorsoanterior tip of the preopercal bone not apparent in formalin preserved samples
Otoliths of fish preserved in formalin either disintegrated during storage or were thin
transparent crumbly disks unsuitable for microscopic examination Otoliths from fish preserved
in ethanol retained fluorescent yellow bands throughout the 77 days of the study Overall mark
intensity was higher for the 350 and 500 mg1 treatments and increased in intensity with
exposure time in all concenttations The optimal survival and mark intensity is achieved by
immersing larvae in 350 mg TCIL for 4 12 hours Samples should be preserved in 95
ethanol with pH 8 0 even though some body desiccation occurs Mark intensity did not seem
to decline after exposure to white lighL It is assumed that these marks may remain detectable
for several years 56 years in Kokanee in Lake Granby
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REFERENCE NUMBER

CITATION

009

Muth RT and T P Nesler 1989 Marking Colorado squawfish
embryos and newiy hatched lalVae with tetracycline Southwestern
Naturalist 34 3 432436

SPECIES AND LIFE STAGE CS CS LARVAE

TOPICS Culture Techniq Research

COLORADO SQUAWFISH MARKING TETRACYCLINE
REARING

KEYWORDS

SUMMARY Techniques were developed for mass marking 5day old larvae of Colorado squawfish by
inoorporation of tetracycline hydrochloride TC in otoliths though immersion in TC solutioDS
Best results were found when Sday old squawtish were immersed 4 to 12 h in a solution of 350
mg TCl TC was retained for at least 77 days after treatmenL

Colorado squawfish eggs were obtained from Dexter Hatchery Eggs were immersed in a 0 2
solution of formalin for about 20 min to treat against fungal infectioDS Six days after hatchinglanae were fed twice daily with live Anemia nauplli and Tetra Min Fry dieL
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REFERENCE NUMBER

CITATION

010

Pimentel R and RV Bulkley 1983 Concentrations of total
dissolved solids preferred or avoided by endangered Colorado River
fishes Transactions of the American Fisheries Society 112 5 595
600

SPECIES AND LIFE STAGE liB IiB JUV BT BT JUV CS CS JUV

TOPICS Water Quality Research

KEYWORDS COLORADO SQUAWFISH HUMPBACK CHUB BONYTAD
TOTAL DISSOLVED SOLIDS

SUMMARY Juvenile age 01 Colorado squawfish humpback chub and bonytail chub were subjected to
a gradient of total dissolved solid IDS to determine the concentrations they preferred and
avoided

SPECIES TOS mgl Preferred IDS mgl Avoided

C Squawtish
Humpback Ch

Bonytail Ch

5601150

10002500

41004700

4400

5100

560 and 6600
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REFERENCE NUMBER all

CITATION Bulkley RV and R Pimentel 1983 Temperature preference and
avoidance by razorback suckers Transactions of the American
FISheries Society 112 5 601607

SPECIES AND LIFE STAGE RZ RZ ADULT

TOPICS Temperature Research

KEYWORDS RAZORBACK SUCKER TEMPERATURE PREFERENCE
TEMPERATURE AVOIDANCE

SUMMARY Fmal thermal preferendum and estimates of upper and lower avoidance temperatures were

estimated for razorback suckers using an electronic shuttlebox Fmal thermal preferendum
ranged from 229 to 24 8 oc Estimates of upper and lower avoidance temperature ranged from

274 to 316 oC and from 8 0 to 14 7 oC respectively
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REFERENCE NUMBER

CITATION

012

IIamm n RL 1987 Survival of razorback suckers cultured in
earthen ponds Progressive Fish CulturisL 49 2 138140

SPECIES AND LIFE STAGE RZ RZ LAR

TOPICS Production Culture Techniq Diet Temperature

KEYWORDS RAZORBACK SUCKER FEEDS EARTHEN PONDS
FERTTT J STOCKING RATE FOOD CONVERSION RATE
SWIM UP FRY TOTAL LENGTIi

SUMMARY Razorback sucker swim up fly subfingerlings and fingerlings were successfully reared in
earthen ponds at Dexter National FISh Hatchery in 1985 Swim up fly were stocked in 034

1 08 acre ponds at densities of 101 000 109 000 fly acre Fry averaged 71 000 per lb Seven

prior to stocking fly ponds were treated with alfalfa pellets at 300 lb acre and

superphosphate at SO lb acre After initial treatment two ponds received 5 weekly fenilizations
of alfalfa pellets at 100 lb acre and the two larger ponds received 3 weekly fertilizations of
alfalfa pellets at 100 lb acre and superphosphate at 25 lb acre Fry were reared 69 78 d in
9 22C water Survival ranged from 87 8 98 6 and size varied from 724 to 508 per pound

Subfingerlings were stocked in ponds 34 ft deep and 086 0 98 acre at densities of 51 000
58OOOIaae FISh ranged from 724 to 549 per pound Prior to stocking ponds were given a

single treatment of alfalfa pellets at 100 lbacre FISh were fed number 1 and 2 granules of
commercial trout diet at a rate of 55 l1b body weighL Survival of fish reared 51 70 d at

temperatures of 16 22C ranged from 927 95 8 Size of sub fingerlings varied from 141
159 per pound The pond with a single treatment of alfalfa pellets had the highest survival

rate but also the highest food conversion 267 of the test ponds

Fmgerlings were stocked in ponds 0 98 acre and 3 ft in depth at densities of 26 000
27 000 acre FISh averaged 158 per pound and were fed number 2 and 3 granules of
commercial trout dies at a rate of 5 0 3 5 per pound of body weight Survival of fish reared
50 55 d at temperatures of 19 240C was 96 2 Size of fish varied from 615 to 75 0 per
pound Food conversion averaged 238

Razorback sucker culture techniques have consistently improved since the transfer of the
program to Dexter National FISh Hatchery in 1981 Survival has gone from 10 8 in 1981 to
91 8 overall in 1985 This improvement has been contributed to management practices such
as fertilization rate and stocking rate refinement of pond culture
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REFERENCE NUMBER 013

CITATION Colorado State University 1989 ResearcJ1 hatchery squawfish
propagation report June 1989 Unpublished report Colorado State

University Research HatcJ1ery Fon Collins Colorado 3 pp

SPECIES AND LIFE STAGE CS CS EGG CS LAR

TOPICS Production Culture Techniques Temperature Diet

KEYWORDS COLORADO SQUAWFISH EGGS INCUBATION
TEMPERATURES FEEDS BIOKYOWA ZEIGLER LARVA

SUMMARY Colorado squawfish fry were subjected to different rearing treatments to determine dietary
performance ot three feeds Founeen hour old eggs from Dexter National Fish Hatchery were

separated into incubation trays Water was circulated through these trays at 227 lImin at

temperatures ot 210C and 11 40C Hatching began in the 210C trays after 80 h and was

complete after 96 h Since eggs were so small 3 600 ounce no exact percentage ot hatching
success couJd be obtained The eggs in the 1l 40C trays 8disappeared8 after 12 days Surviving
fry were confined within troughs to small pans 158 x 128 X 58 with mesh tops and an aUstone
in each to maintain high oxygen levels These aUstones also kept food panicles suspended
longer FlSh were offered feed two days after hatching Brine shrimp were fed to control
groups at three temperatures 114 155 and zooq Biokyowa was fed to three temperature
groups and Zeigler larva and Rangen Trout diets were ted to two temperature groups 155
2frC Initially all treatment groups were fed brine shrimp twice daily and the test diet once

daily FISh other than control groups were then gradually switcJ1ed to the test feed three times
daily

Observations in this repon are given prior to final completion Fry held at 1l 40C became
vellethargic after five days quit feeding and suffered increased monallty rates The

remaining fish were condensed into one tray and the water temperature was increased to
IS5OC After three days fish began eating again Twelve days later water temperatures were

lowered again and fish were still actively feeding and seemed healthy

It was determined that squawfish eggs cannot successfully be incubated at 1140C and swim up
fry cannot be Slaned on feed at that temperature But after two weeks of initial feeding at a
wanner temperature fry can be switched to colder water and cultured effectively Fish held
at warmer temperatures IS5OC were more active on Biokyowa dieL At 20C all performance
of fry on all feeds seemed equal
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REFERENCE NUMBER 014

CITATION Jensen B I 1984 Annual narrative repon calendar year 1984
Dexter National Fish Hatchery U S FISh and Wildlife Service
Dexter New Mexico

SPECIES AND LIFE STAGE RZ RZ LARVAE RZ ADULT CS CS LARVAE CS ADULT
BT BT LARVAE BT ADULT

TOPICS Production Disease

KEYWORDS COLORADO SQUAWFISH RAZORBACK SUCKER
BONYTAnFECUNDITY SWIM UP FRY LERNAEA ASIAN

TAPEWORM

SUMMARY Razorback suckers Colorado squawfish and bonytails were spawned at Dexter National Fish
Hatchery

SPECIES n MEAN SWIM UP FRY
FECUNDITY of TOTAL

Razorback 2S 123 110 51 7
Wild

Razorback 70 63 674 39 8
Domestic

ColOrado Sq 9 66 185 19 8
Domestic

Bonytail 11 16 464 37 7

Lemaea problems remained in the bonytail but razorback sucker and Colorado squawfish have
been cleared of this parasite Asian Tapeworms were found in Colorado squawfish Adult
squawtish were given ora treatments of Di N Butyl Tm Oxide DNBTO in gelatin capsulesand three yearold fish were given DNBTO on feed in an attempt to eliminate this parasiteExtent of conuel was unknown at the time December 6 1984
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REFERENCE NUMBER

CITATION

015

Papoulias D 1986 Food availability and mortality for larva
razorback sucker Xvrauchen texanus Proceedings of the Desen
FIShes Counci1I8 210 abstract

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

RZ RZ LARVAE

Diet Research

RAZORBACK SUCKER DIET STARVATION

SUMMARY Laboratory experiments were performed at the United Slates FISh and Wildlife Service Dexter
New Mexico facility at water temperatures of I8C To determine when larval razorback sucker
must encounter food or die laIvae were staned on food at 4day intervaJs Those laIvae fed
beginning 25 and 29 days post hatch had significantly higher mortalities than those laIvae fed
5 9 13 and 17 days after hatching The effect of varying food density on mortality was

investigated Fish receiving 10 nauplii per liter per 8hour period had greater than 70
mortality FISh which received no food throughout the experiment as well as those fed at

varying time periods of prey densities experienced peak mortalities between 20 and 30 days
post hatch The point of irreversible slaIVation was determined to be between 17 and 21 days
post batch and the critical period between 7 and 17 days post hatch
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REFERENCE NUMBER

CITATION

016

Jensen B I 1989 Dexter National Fish Hatchery description
Dexter National Fish Hatchery US Fish and Wildlife Service
Dexter New Mexico

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

BT CS RZ

Produaion Water quality

DEXTER WATER QUALITY

SUMMARY Dexter National FISh Hatchery is located in the Pecos River Valley of southeastern New
MeDco Elevation is 3500 ft average annual rainfall is 12 inches Water is supplied by three
sballow wells with a pH ranging from 7 2 to 7 5 Temperature in a constant 640F Total
harness averages 2100 ppm and total dissolved solids average 3500 ppm

A 16



REFERENCE NUMBER

CITATION

017

Valdez RA 1985 A review of the hatchery program for
threatened and endangered fishes of the Colorado River Colorado
Water Congress Special Project on Threatened and Endangered
Species 29 pp

SPECIES AND LIFE STAGE HB BT CS RZ

TOPICS Research Production

KEYWORDS HATCHERY FACnITIES HATCHERY CAPABILITIES

SUMMARY The background and current status of the hatchery program for endangered Colorado River
fishes was reviewed and recommendations were made regarding future hatchery construction
A new facility was estimated to cost 8570 000 plus and additional 333 000 to 588 000 per
year for operation and maintenance U S FISh and Wildlife Service 1983 An alternative to

constructing a new hatchery was to utilize existing hatchery facilities The foUowing eleven
sites were evaluated Willow Beach NFH Dexter NFH Hotchkiss NFH Logan FES Ouray
NWR Fish Springs NWR Smithfield Well Big Spring Rifle Falls SFH Page Springs SFH and
Browns Park NWR
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REFERENCE NUMBER 018

CITATION Inslee T D 1981 Spawning of razorback suckers Pages 145 157 In
W H Miller JJ Valentine and D L Archer cds Colorado River

Fishery Project Final Repon Pan 3 Contract ReportS U S Fish
and Wildlife Service Bureau of Reclamation Salt Lake City Utah

SPECIES AND LIFE STAGE RZ RZ EGG RZ LARVAE RZ ADULT

TOPICS Production Culture Techniques Diet

KEYWORDS RAZORBACK SUCKER SPAWNING HORMONE INJECTION
HATCHlNG FUNGUS FEEDING

SUMMARY Razorback suckers 136 were transferred from Lake Mohave to Dexter NationalFlSh
Hatchery Four spawning methods were tried pond spawning spawning in flow through
ponds circuJar tank spawning and holding house tank spawning Best results were found using
6foot circulartanks The bottoms of the tanks were lined with 112 to 3 inch rocks and filled
to a depth of 22 inches Well water averaging 620F was pumped at 10 Umin and aimed at
a 450 angle to produce a circular flow

Hormone injections of 500 IU chorionic gonadotropin and 2 mglb carp pituitary were tried
on female fish Injections of 2 mg carp pituitary per pound of female brood fish were most
suaessful

Eggs were incubated utilizing five methods Mcdonald jars in the circuJar tank on rocks after
natural spawning in a circular tank after stripping on a fine mesh net suspended in holding
house tank and a Heath incubator Hatching results were best in the Heath incubators

Egg fungus was treated with formalin solution It was found that viable eggs can be treated
with a solution as strong as 1 75 for 10 minutes Fungi can be killed or retarded with 1 200
formalin for 10 miD Recommended treatment is a constant flow concentration of 1 100 for 10
minutes on the 2nd and early on the forth day after hatching

Fry were offered a diet of trout slaner four times daily for the first 17 days The fish were
then moved to a 0 1 acre rearing pond that had developed a zooplankton bloom The plankton
bloom was started by addition of 100 pounds of manure and 80 pounds of 18460 feni1izer to
the bottom of the pond before filling
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COLORADO SQUAWFlSH HUMPBACK CHUB TOXICANTS
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SUMMARY Static toxicity tests were performed on Colorado squawfish post Iarval juvenile and sub adult
and humpback chub post larval and juvenile Bioassays were used to find the 96 hour LC
so for the following toxicants arsenic cadmium Chlordane chlorine chromium copper
t3Dide DDT Dieldrin Endrin iron lead manganese mercury nickel Parathion selenium
Squoxin Toxaphene zinc
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SUMMARY The endangered fishes of the Colorado River were examined and a list of recovered pathogens
created The endemic fishes were found relatively healthy no detectable virus was found The
most likely threat to culture of endangered fishes was thought to be the motile aeromonads
Aeromonas hvdroohila and pseudomonads Pseudomonas sp frequently related to

mortalities in present cultural systems Saorolemia was stated to be the probable limiting
factor in the rearing and propagation of endangered fish
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HUMPBACK CHUB BONYTAIL COLORADO SQUAWFISH
RAZORBACK SUCKER TEMPERATURE PREFERENDUM
EGG TEMPERATURE TOLERANCE TRANSPORT STRESS

Four endangered Colorado River fishes were studied to determine temperature and total
dissolved solid preferences determine baseline hematological parameters determine swimmingstamina at various water velocities and temperatures determine effectS of swimming and
transpon stress on certain blood parameters

FInal temperature preferendum are as follows humpback chub 240C bonytail chub 24 20C
razorback sucker 24 9C Colorado squawfish juvenile 24 6DC and Colorado squawfish adult
25 40C

Egg temperature tolerance was tested for Colorado squawfish bonytail and humpback chub
Results temperature DC percent hatched incubation time are as follows

Colorado squawfish 5DIO 10010 1401 200 60 10 days

Bonytail chub 5DIO 10010 140 60 10 days 2oonO 6 days 26080 3 days 31DIO
3 1O

Humpback chub 5DIO 10030 19 days 140 50 16 days 2001100 4 days 26DI95 3 days

Blood glucose levels in 40 razorback suckers increased from 54 mg100 ml to 144 mg100 mlafter 1 hours of transport No significant change in blood chloride was noted Salt was
suggested as a way of reducing osmoregulatory stress during transport
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SUMMARY Recommendations are made for the manmirntion of genetic variance in hatchery stocks of
endangered fishes Inbreeding in small populations of endangered brood stock is thought to
depress fecundity fenility age at maturity growtb and survivorship For shon term survival
a genetically effective minimum population size of 50 is recommended
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SUMMARY Colorado squawfish and razorback suckers were reared at the Willow Beach National Fish

Hatchery Eggs from the suckers were hand stripped from wild Lake Mohave stock

Squawfish eggs were collected from natural spawning in a hatchery raceway

Seven squawfish from the Yampa River were placed in a concrete raceway 100 X 8 X 30

Gravel was placed in the first 30 of the holding raceway and water was pumped into the

raceway at 200 galJmiD The squawfish were fed live trout three to four times daily Combined

weight of the fish increased from 227 pounds in August 21 1973 to 24 1 pounds on May 30

1974 Ninety pounds of trout were fed the squawfish over this nine month period for a total

oollVClSion of 1 4 pounds The only disease organisms found were Mvxobolus Lernaea and

Ichthvopbthirius Formalin 25 mgl and malBchite green 05 mgl were used for three weeks

as controL Three females were induced to spawn by injection of 900 unitslb of chronic

gonadotrOphin Eggs were discovered in the gravel one week later

Forty razorback suckers were collected from Lake Mohave Eggs were hand stripped and

placed in hatchery tank 3 x 15 Water in the tank was 2 feet deep and averaged 600F After

hatching the fry were fed small amounts of baby food strained beef liver four or five times

daily After three weeks the fry were moved outside and fed on zooplankton found in the

hatchery raceways IchtvOohthirius were observed on the fry and treated with formalin and

mlllllcbite green Mvxosoma spores were found on the adult razorbacks
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SUMMARY Eggs of Colorado squawtish Razorback sucker Humpback chub and bonytail were held at 5

10 15 20 25 and 30 to determine effects of incubation te perature upon hatching and

survival

Six 22 liter glass aquaria were maintained at experimental temperatures with a combination

of cold water infiow and thermostaticallyconuolled immersion type heaters The 30 tank had

no tlow and the other 5 tanks had a 1 0 literlh inflow Incubation chambers were made of 76

mm ID PVC pipe fitted on the bottom with 05 mm mesh nylon netting Six to eight
chambers were suspended in each aquaria The water was obtained from the wells at Dexter

National FISh Hatchery DNFH and was cIwacterized by relatively high salts especially
sulfate 19001930 mglL nitrate 11 1 120 mglL and conductivity 3830 4500 umbos ZSOC A

fun repon of water quality of DNFH wells can be reviewed in the body of this paper

Broodstocks were obtained from wild populations in Lake Mohave and the Little Colorado

River or as hatchery bred fish from Willow Beach National FISh Hatchery AZ and held at

DCIter NFH As sexual readiness approached 1 2 females and 5 20 males of each species
respectively were brought from ponds to indoor tanks at 17 5 lSOe Adults were injected with

one or both human chorionic gonadotropin or acetonedried carp pituitary Eggs were

stripped fenilized and water hardened for 1 25 h at l75 lSOC After hardening eggs were

siphoned into incubation chambers Eggs of Razorback sucker were treated daily with 10

fornu 1lehyde for 10 min until embryo motility was observed within the chorion

Razorback sudcer All embryos incubated at 5 10 and 300c died Greatest success was

acbieYed at 20 and ZSC with significantly lower success at 150C Tune to hatch was 216 h at

lSOC and 84 h at c ProlaIvae were 65 S 6 mm TL active and squirming on the bottom

Swim up was attained at 103 312 h depending on temperature Swim up fry were 8 4 8 6

mm 11 and stunting and deformities were significantly lower at 20C 81 than either 15 or

ZSOC 38

Bonytail No hatch occurred at 5 10 or 300C 05 hatch at 250C Hatching success was

not significantly different for 15 ZOc TIme to hatch varied from 204 h at 150C to 103 h at

zooc Prolarvae averaged 6 0 63 mm TL Prolarvae remained quiescent on the bottom

unless disturbed Many laIvae adhered to sides of incubation chambers with the anteroventral

portion of their head Swim up occurred at 148 396 h increasing towards lower temperatures
Swim up length was 8 1 86 mm TL Incidence of abnormalities ranged from 0 4 not

related to temperature

A 24



Humpback chub No hatch occurred at 5 10 or 30C 0 8 hatch occurred at 150C and 2
at 250C Greatest success was at 20C Time to hatch ranged from 156 h at 150C to 72 h at
250C New prolarvae were longest at 150 6 3 mm TL compared with 55 and 5 7 mm TL at
20 and 250C respectively Swim up occurred at 372 h at 150C and at 166 h at 250C Swim up
fry were 8 2 85 mm TL Incidence of abnormality was greatest at 150 33 13 and 17 at
20 and 250C respectively

Colorado squawfish Two attempts at experimental incubation of squawfish eggs were pooled
due to suspicious outcomes Percentage hatch of squawfish was 27 at 20C in trial I and 2
in trial II All ova died at 5 10 15 25 and 30C in trial I and at 5 10 15 and 3OC in trial
IL Peak hatch occurred at 7S 108 h at ZOOC compared with 63 h at 250 C in trial Il
Prolarvae averaged 55 mm TL at 20C and 5 6 mm TL at 250C Prolarvae were helpless at

hatching moving feebly on the bottom Embryos responded with increased frantic swimming
activity in the presence of bright lighL Abnormal fry made up 26 of the hatch at 250 and
11 at ZOO
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Adult razorback suckers were collected from fiat water sections of the mainstem Green River
and lower portions of the Yampa River In the Green River the area of highest concentration
was from the mouth of the Duchesne upstream to the mouth of the Yampa River Six fish
were collected from the lower sections of the Green River also Total lengths of 323 fish
ranged from 426 608 mm TL Ripe males averaged 503 mm and ripe females averaged 544
nun TI male to female ratio for all years combined was 161 1 Ripe females were
significantly longer and heavier than males Razorback suckers were more vulnerable to
capture during spawning from May through June

Razorback sucker larvae were collected downstream of suspected spawning areas Larvae 10 6
136 mm TI were identified by the Larval FISh Lab of Colorado State Univ 31 of 42

samples contained 131V3l razorback suckers

Ripe razorback suckers were collected over coarse sand substrate but some were collected near
gravel and cobble bars It is not known whether staging occurs in one area and spawning in
another or if spawning occurs over both areas Water temperatures ranged from 1050 in Mayto lSOin June Average temperatures where ripe fish were captured were 150 for males and 160
for females
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RAZORBACK SUGKER GENETICS INTROGRESSIVE
HYBRIDIZATION FLANNELMOUTH SUCKER
ELECTROPHORESIS

SUMMARY A problem regarding the management of any fish species that is artificially mass produced
concerns the maintenance of the natural gene pooL Sampling error results in the enhancement
of the frequencies of some alleles and the reduction of others in the necessarily small
subsample of the wild population This inherent characteristic of hatchery propagation coupledwith the razorbacks tendency to hybridize naturally with other catostomids is cause for concern
when considering hatchery augmentation of natural populations

Flannelmouth specimens for this study were obtained from the Virgin River in Arizona the
mouth of the Paria River in AZ the Little Colorado river drainage AZ Upper Colorado
River near Grand Junction CO Razorback specimens were obtained from Lake Mohave AZ
Senator Wash Reservoir CA and form Dexter national FISh Hatchery NM Brain liver
heart and skeletal muscle tissues were used for electrophoresis Gene prodUCts comparedincluded acid phosphatase alcohol dehydrogenase creatine kinase glycerol 3phosphate
dehydrogenase and several others

Flannelmouth sucker were polymorphic in 9 of 21 loci in at least one of the geographiclocations Within each of these locations genotype arrays were within Hardy Weinberg
expectations of genetic variability Between the different geographic locations statistically
sigJIifi t structuring of gene flow patterns exisL Indicating geographic limitations of certain
polymorphism though no complete allelic difference Razorback sucker were polymorphic in
11 out of 21 loci in at least one of the geographic locations Within each of these sample
populations genotype arrays were within Hardy Weinberg expectations except for the Dexter
National FISh Hatchery population which shOWed excessive gene restriction in one loci
Between the different geographic locations no structuring of gene flow patterns was noted
Four loci were identified that were species specific and could be used as marker loci Two of
these four loci have allelic distributions suggesting some gene flow between the two speciesBoth alleles are present in both species and the predominant allele in each species is presentin low frequency in the other species Gene flow is proceeding both from tlannelmouth to
razorback sucker and from razorback to flannelmouth sucker There is the possibility that both
alleles at both loci were present in a common ancestor of the catostomids Evidence of
introgression in tlannelmouth sucker is found in the Virgin River sample and the upperColorado River sample Introgression is apparently rare enough for the species to maintain
integrity of their respective gene pools in the wild The current hatchery stock at Dexter has
not been appreciably affected by sampling error in favor of introgressed genes form
flanneJmouth suckers and has fewer introgressed genes than parental stock from Lake Mohave
As long as breeding stock continues to be obtained form natural populations the breeding
program for razorback suckers at Dexter can be quite successful Programs that select
subsequent breeding stock from their own reared stock are ill advised for the razorback
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SUMMARY Hatchery reared squawfish were successfully induced to spawn during 1983 1984 at Dexter
National FISh Hatchery NM

The brood stock during 1983 and 1984 consisted of 24 9 year old females and nine 10 year old
females respectively These fish were 1974 yearclass progeny from wild adults collected from
the Yampa River and spawned at Willow Beach Hatchery

Ovulation was induced with injections of acetonedried carp pituitary at the rate of 4 mgkg
body weight at 24h intervals Fish were anesthetized before the intraperitoneal injection and
then placed in a 27S x 0 7S x 0 75 m holding tank and held until they were stripped Cool
water at 17 18 C flowed through the tank at 90 130 VmiD

When eggs could be expelled with slight pressure a female was anesthetized and rinsed and
the eggs were stripped into a pan containing water and diluent Milt from two or three
hatchery reared males was added and the eggs were gently stirred with a feather A bentonite
clay solution was then added to counteract egg adhesiveness Eggs were then washed and
placed in a 31 x 31 x 18 em floating basket and allowed to water harden for approximately 30
miD

Eggs were placed in either Heath incubators or hatching jars for incubation 20 22 C at 4
lllJmin After hatching fry were transferred to 275 x 0 75 x 0 75 m tanks 20 22 Cat

15 23 lJmin and held until swim up occurred

In 1983 all 24 females owlated 18 20 h after receiving one carp pituitary injection
Fecundity averaged n 4OO average number of eggs per kilogram body weight was 55533 Eggscommenced hatching at 100 h and were completely hatched by 144 h Numbers of fry
following swim up in Heath and jar incubators were 283 017 and 34 855 respectively

In 1984 all nine females ovulated 20 24 h after receiving two hormonal injections Fecundity
averaged 66 185 average number of eggs per kilogram body weight was 45 451 All eggs were
incubated in hatching jars Hatching began at 96 h and ended by 144 h Actual numbers of

swimup fry were 118 157
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SUMMARY Growth rate of yearling Colorado squawfish over a 12 week period was determined for fish
held at 15 20 25 and 300C with excess food The effect of temperature on growth was highly
significant fastest growth occurred at 250C FISh gained about 0 3 gram at 150C 0 9 gram at
20 and 300C and 17 grams at 250C during the 12 week period Test fish had a mean weight
of 0 45 g SD 0 11 g
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SUMMARY Transportation of endangered fish species on commercial airlines using plastic bags was tested
at Willow Beach Hatchery Fry were shipped at a density of 31625 fishl or 185 gIl
fingerlings at 60120 fishl or 60120 gl and adults at 1 fishl or 250 gl Bags were intlated
with oxygen sealed and placed in Styrofoam containers Water temperature was 12 130C
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SUMMARY Temperature preferences for Colorado squawfish was determined in a horizontal gradient
trough FISh were acclimated to 14 20 and 260C and twenty fish were tested from each
acclimation temperature Acute preferenda were 219 27 6 and 23 rC for 14 20 and 260C
acclimated fish respectively Final preferendum was estimated as 250C
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RAZORBACK SUCKER BROOD STOCK INDUCED
SPAWNING HATCHING TEMPERATURE

SUMMARY Seventy hatchery reared 3 yearold female razorback suckers were induced to spawn at Dexter
Hatchery Ovulation was induced by inuamuscular injections of 220 units chorionic
gonadotropin per kg of body weight at 24hour intervals Eggs were manually stripped mean

fecundity 63 645 combined with the milt of two to three males and allowed to water
harden Eggs were then placed in Heath incubators and hatching jars for incubation Heated
water 2022oq flowed through the jars and incubators at 411 VInin Percent swim up fry for
the Heath incubators and hatching jars was 38 1 and 54 7 respectively

h
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BONYTAIL CHUB BROOD STOCK INDUCED SPAWNING
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SUMMARY Hatchery reared bonytail chub were induced to spawn at Dexter Hatchery Brood stock during
1983 and 1984 consisted of 24 females two yearold and 11 females three yearold
respectively Owlation was induced by intraperitoneal injections of 4 mgkg acetonedried carp
pituitary at 24br intervals Eggs were manually stripped combined with the milt of two to
three males and allowed to water harden Eggs were placed in Heath incubators for hatching
Heated water 20 220C flowed through the incubators at the rate of 11 Utninute After
hatching fry were transferred to holding tanks 9 x 2S x 25 ft Warm water 20 220C flowed
though the tanks at 15 to 22 UmiD

In 1983 all 24 females owlated 18 to 20 hours after receiving one injection of carp pituitary
With Fecundity averaging 4 990 and percent swim up fry 17 1 In 1984 all 20 females
ovulated 20 hours after receiving one hormonal injection With fecundity averaging 16 464 and

percent swim up fry 37 7
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SUMMARY Colorado squawfish larvae acclimated to nac were subjected to water temperature decreases
of 5 10 or 150C within 240 to 300 miD Most monality due to shock occurred in the first
48 h The 150C shock in 5 min caused an average of 65 monality in l ayold larvae

Abrupt cold shock did Dot affect 4Oday old larvae In addition to causing this direct mOnality
shocks of 10 to 150C in 5 min caused behavioral changes in 14day olds that could result in
indirect mortality of live fish
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SUMMARY Hematological characteristic of four rare Colorado River fishes were determined
Characteristic included hematocrit hemoglobin total protein number of erythrocytes
number of leukocytes lymphocytes thrombocytes and granulocytes

Blood was collected from 40 razorback suckers before and 17 21 h after transpon to evaluate
the effects of hauling Blood glucose increased from 52 mg lOO ml to 141 mg l00 ml Blood
chloride decreased significantly from 108 milliequivalentsl to 99 milliequivalentsll after hauling
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SUMMARY Razorback suckers were observed spawning 4 8 km downstream of Hoover Dam Spawning
activities appeared to be restricted to a 300 m2 area of scoured sand and gravel in the mouth
of a dry wash Eighteen depressions measuring 0 25 to 1 m2 were identified and occurred at

depths of 12 to 20 m Mean water velocities ranged from 0 00 to 0 37 mls Nose velocities
10 em from substrate at five specific sites where spawning was observed averaged 0 15 mls

Samples taken directly from spawning depressions yielded 105 to 16 7 eggs m2
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RAZORBACK SUCKER PREDATION STOCKING

SUMMARY Juvenile razorback suckers 45 to 168 mm standard length reintroduced into the Gila River
suffered intensive predation by channel catfish and flathead catfish Estimated losses un the
25 km study reach over a 2 day post stocking period were up to 900 individualskm in autumn
Predation in autumn was lower when average size of stocked fish was increased from 68 to 113
mm standard length Extrapolated tOlal loss to predation in winter when channel catfish did
not feed actively was about one sixth that in autumn Cold weather planting of larger
razorback suckers in the range of 300 mm was recommended as one way to enhance post
stocking survival
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SUMMARY Fertilized ova of razorback sucker held at 140C were adhesive for 3 to 4 hours after
fertilization Ceavage was completed at 24 hours gastrUlation occurred at 34 hours and blood
circulation was established at 117 hours Hatching occurred from 5 3 to 5 5 days after
fertilization Larvae were from 6 8 to 7 3 mm 11 at hatching Yolk was assimilated at 13 daS
10 mm 11 all fins were formed and had ossified rays at 64 days 27 mm 11 The unique

nuchal keel appeared about 200 days after fertilization All larvae were held in 150C water
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SUMMARY A growth rate versus temperature relation for Colorado squawfish was computed to compare
temperature regimes of historic and present habitats A strong positive relation was found
between temperature regime suitability and first year growth of squawfish in the upper basin
Unusually small size of the ageO fish going into the winter might be an important factor
affecting recruitment to the adult stock Simulations showed how the effect of increased early
life monality can be especially significant on populations of slow growing fish
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RAZORBACK SUCKER DIET LARVAL MORTALITY

SUMMARY Razorback sucker larvae and zooplankton were collected from Davis Reservoir and an

adjacent isolated backwater in which Iarvae were naturally produced Food availability and

primary dietary constituents were similar in both habitats Reservoir larvae selected Bosmina
spp Cladocera and apparently avoided Copepoda while larvae from the backwater selected
Bosmina but avoided Rotifera

Nutritional factors such as type number or size of available foods do not explain
disappearance of larval razorback suckers fromIake Mohave since larvae survive to far greater
ages and size in the backwater Predation by introduced fishes appears a significant cause of
Iarval monality
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SUMMARY Over 15 000 young razorback suckers were reintroduced into historic localities within the Gila
River basin in Arizona in 1981 Fish were stocked in a joint State Arizona Service FWS

project to recover the razorback in lieu of listing it under the Endangered Species Act
Localities of the stockings criteria for site selection and size of the stocked fish are discussed
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SUMMARY The impacts of largemouth bass predation on Colorado squawfish was studied by stocking
juvenile squawfish in ponds containing bass Bass stomach content analysis showed that diets
of bass switched almost entirely to squawfish immediately after stocking Loss ofsquawfish
by predation from bass was estimated in one pond to be as much as 79 percent in the first day

Using survival and growth data it was determined there was little advantage to stocking
squawfish in fall rather than spring Winter stress was found to exact a heavy toll on squawfish
numbers and no growth occurred during the winter
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COLORADO SQUAWFISH SPAWNING HORMONE
INJECTIONS FECUNDITY INCUBATION FUNGUS

SUMMARY Colorado squawfish were spawned at the Dexter Hatchery Squawfish were spawned in circular
tanks in 0 1 acre ponds and by stripping Eggs were incubated on gravel beds in ponds on

gravel beds in tanks in Heath incubators and in a McDonald jar

Strip spawning using hormone injections was most successful The hormone and dosage rate
that proved to be most effective for females were injections of carp pitUitary at 2 mglb of body
weighL FISh that carried mature eggs would ovulate from 12 to 20 hours after injection Daily
injections of chorionic gonadotropin at 300 unitsllb for 2 to 7 days brought males to high
fluidity

Fecundity per pound of stripped females ranged from 18372 to 43 137 resulting in a mean of
31 094 Egg diameter was from 0861 to 0670 inches with a mean diameter of 0730 inches

1 86 mm

Best hatching success was found when eggs were incubated in Heath incubator trays or

McDonald jars The McDonald jar gave almost the same hatching success as the clayed eggs
in Heath trays 414 and 40 8 percent respectively

Bioassays showed that all age squawfish eggs can be treated with 1 100 formalin for 10 minutes
to control fungus Treatments at 1 150 on 2 3 and 4 day old eggs also proved satisfactory in
controlling fungal growths in Heath trays
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SUMMARY Investigations of the ecology and life history of the Colorado squawfish and the Colorado chub
roundtail bonytail were conducted on the Green River in Dinosaur National MonumenL

Mean calculated total lengths for 65S squawfish from the upper Green River showed that
young squawfish grew about 50 mm per year until year 3 when annual increments increased
for a couple of years and then decreased as fish became larger

Cladocerans copepods and chironomid larvae were imponant food items for squawfish up to
50 mm total length Utilization of insects increased up to a total length of 100 mm after which
fish became the major food item FISh were the only food item found in stomachs of squawfish
over 200 mm long Chironomidae larvae and Ephemeroptera nymphs were the most abundant
food items found in smaller chubs Principal food items of chubs over 200 mm were terrestrial
insects

Squawfish were found to spawn approximately one month after water temperature had reached
65OP Chubs were observed to spawn when the water temperature reached approximately 65OP
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SUMMARY Techniques for the culture of razorbacks squawfish and bonytails were developed at Dexter
Hatchery

Razorback sucker Sexually mature females at Dexter averaged 15 6 inches 16 pounds and
three years of age Mature males averaged 162 inches 19 pounds and two years of age
Females become gravid as water temperature approaches 500F and are usually ready to spawn
when temperatures reach 550F Female razorbacks are injected with human chorionic
gonadotropin HCG at 100 IV per pound of body weight to finali7e maturation and to
stimulate ovulation of maturated eggs Females receive HCG injections every 24 hours until
all eggs have been ovulated Male razorbacks are injected with HCG at 300 IU per pound of
body weight daily for two to three days

Utilizing tbe wet method eggs from ripe females are hand stripped into pans and mixed witb
the milt of two or more males Razorback eggs are cIayed witb bentonite to reduce
adhesiveness and allowed to water harden for 30 minutes Eggs then placed in Heath
incubators at 70F with a flow of three gptD At 700F razorback eggs begin hatching at about
96 hours and continue through 144 hours

Colorado sauawfish Hatchery reared Colorado squawfish became sexually mature in their
sixth year Secondary sexual characteristics become apparent as water temperatures approacb65Df usually early in May Female squawfish are injected with carp pituitary CP at two

mglb to stimulate ovulation of maturated eggs Male squawfish normally stay ripe and fluid
but receive injections of HCG at 150 h11b if fluidity decreases

Stripping and hatching of Colorado squawfisb is done in the same manner as described for
razorback sucker Squawfish eggs also hatch between 96 and 144 bours after fenilization

Bonvtail Chub Two yearold hatchery reared bonytails were spawned in May utilizing CP to
stimulate egg ovulation Spawning and hatching techniques were tbe same as those reponedfor razorback sucker and Colorado squawfish
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SUMMARY The primary goal of Dexter Hatchery is to prevent the extinction of endangered southwestem
fishes Species are taken to Dexter for one or all of the following criteria 1 to provide a

refuge for those fish threatened with extinction 2 to study their biological requirements and
develop methods of spawning and rearing them and 3 to produce selected species for
reintroduction into their historic habitats
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INTRODUCTIONS

Humpback and bonytail chub were studied in Black Rocks Colorado In 1980 Spawning of
humpbacks in Black Rocks occurred from approximately June 2 to 15 at water temperatures
of U5 l6 00C and flows of 21500 26 000 cfs In 19S1 spawning occurred from about May 15
27 at water temperatures of 16 0 16 60C and flows of 3 0005 000 cfs

Recommendations were made for the possible introduction of bonytail in Cataract Canyon on
the Colorado River and either Grey or Desolation Canyon on the Green River However it
was warned that these introductions may be detrimental to the existing wild stocks by
increasing competition for limited habitat introducing gene pools from a different pan of the
system and enhancing the possibility of hybridization of bonytail with humpback and roundtail
chub Introductions of hatchery reared humpback chub were advised only in Cataract Canyon
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SUMMARY Basic life history information in summarized for the Colorado squawflSh in the Colorado and
Green River drainages Spawning is thought to occur when river temperatures are about 200C

usually in July and August in the Upper Colorado Basiq
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SUMMARY Hybridization reproduction food growth habitat and movements of the razorback sucker are
summarized Razorback suckers were observed to spawn in the spring when water levels are

rising and water temperatures are increasing
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SUMMARY Razorback suckers were observed to spawn in April and May when water temperatures were
6 to 150C Estimated fecundity ranged from 24490 eggs for a fish 529 mm in total length to
76576 for a fish 485 mm long Estimated ages based on scale examinations indicated that the

razorback suckers collected had completed from 4 to 9 growing seasons all were mature
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Research

COLORADO SQUAWFlSH REINTRODUCTION

SUMMARY After the 1985 relistment of the Colorado squawfish as experimental nonessential under the
1982 reauthorization of the Endangered Species Act over 117 000 squawfish were stocked into
the Salt and Verde rivers in Arizona
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SUMMARY Razorback sucker broodstock were obtained from Lake Mohave and spawned at Dexter
Hatchery The most successful spawning method was daily injections of human chronic
gonadotrophin in the muscle at 100 hllb of female weighL Egg viability was increased from
27 7 to 61 1 by stripping at 12 hour intervals after the start of egg ovulation then
enumerating eggs and moving to incubator trays as soon as eggs had water hardened The
Heath incubator was the superior method for egg incubation Fungus was controlled on

incubating eggs with a ten minute dip of 1 100 formalin in the Heath tray

The gravimetric method of egg enumeration was believed most accurate Sample counts from
100 trays resulted in a mean of 130 eggs per gram Fry enumeration after hatching ulilizing
the water displacement method on 67 samples was found to be 233 frymL
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SUMMARY It was suggested that Colorado squawfish reproduction is generally enhanced by high late
spring flow accompanied by rapid heat accumulation in the river These conditions provide
high quantity quality spawning areas and satisfactory incubation andor growth conditions for
squawfish eggs and larvae

A 53



REFERENCE NUMBER 053

CITATION Jensen B L 1983a Annual narrative report calendar year 1983
Dexter National Fish Hatchery U S Fish and Wildlife Service
Dexter New Mexico 9 pp

SPECIES AND LIFE STAGE BT BT EGG BT LARVAE BT ADULT CS CS EGG
CS LARVAE CS ADULT RZ RZ EGG RZ LARVAE
RZ ADULT

TOPICS Culture Techniques Production

KEYWORDS BONYTAIL CHUB COLORADO SQUAWFISH RAZORBACK
SUCKER BROOD STOCK SPAWNING FECUNDITY
HATCHING

SUMMARY Bonytail chub Colorado squawfish and razorback sucker were spawned and reared at Dexter
Hatchery in 1983

Razorback sucker A total of 55 wild razorback females were spawned utilizing chorionic

gonadotrophin to induce egg ovulation 46 of them 83 6 spawned successfully The 46 fish
produced 5 728025 eggs for an average fecundity of 124522 At 700C razorback eggs begin
hatching at about 96 hours and continue through 144 hours Egg viability at 72 hours averaged
75 1 with an expected hatch of 4300 265 fry Actual swim up fry numbered 2915 761 for
681 of expected fry and 50 9 of eggs produced

Colorado sauawfish A total of 26 hatchery reared squawfish females were spawned utilizing
carp pituitary to induce egg ovulation Fecundity of the broodfish ranged from 57 766 to

113341 with a mean of 77 436 Eggs were hatched in both Heath incubators and jars Egg
viability averaged 59 in the Heaths and 66 in the jars Expected number of fry was

1274 753 Actual number of swim up fry was 354 000 for 27 7 of expected fry and 16 9 of
eggs produced

BonVtail chub A total of 24 two yearoldbonytail females were spawned Fecundity ranged
from 1 015 to 10384 with a mean of 4 677 A total of 119 764 eggs were taken with a mean

viability of 67 5 Expected number of fry was 80 840
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SUMMARY An experimental razorback sucker rearing facility was established in 1986 at the OurayNational WlldlHe Refuge The facility consists of three 0 10 acre ponds a building which
houses incubators and rearing tanks and a well

Adult fish were collected from a razorback sucker spawning site in the Green River on AprilMay 1987 Three female razorback suckers were stripped and eggs fertilized on the spawning
ground with the milt from one to three males 1venty four other adult razorback suckers 13
females 11 males were taken to the Ouray facility for hormone induced spawning Five
attempts at spawning eleven females with 2 7 males each resulted in about 15 000 fenilized
eggs However fungus in the incubator at low water temperature of about 1l0C wiped out
all but a few hundred eggs Five females were subsequently spawned with 1 3 males resultingin 4500 fertilized eggs These eggs were treated with malachite green and moved to warmer
ponds 16210C where a good hatch occurred

A 55



REFERENCE NUMBER

CITATION

055

Vanicek CD 1967 Ecological studies of native Green River fishes
below Aaming Gorge Dam 1964 1966 PhD Dissenation Utah
State University Logan Utah 121 pp

SPECIES AND LIFE STAGE CS BT CS ADU CS JUV BT JUV

TOPICS ute History

KEYWORDS COLORADO SQUAWFISH COLORADO CHUB BONYTAIL
ROUNDTAIL CHUB HUMPBACK SUCKER DIET
DISTRmunoN FLAMING GORGE DAM TEMPERATURE
SPAWNING GROwm

SUMMARY This post impoundment study found native Green River fishes almost eliminated for the first
7 miles below Flaming Gorge Dam and a reduction in native species as far downstream as the
mouth of the Yampa No reproduction of Dative species occurred above the mouth of the
Yampa in 1964 and 1966 probably due to reduced water temperatures and altered flow
patterns Reduced flow in the summer of 1965 allowed reproduction of several native species
including chub sp in the Green River above Echo Park Colorado squawfish and Colorado
chubs Gila robusra and Gila elegans grew more slowly after closure of the dam 1963 1965
than before dam closure 1955 1962 Bonytail grew faster than roundtail chub and distinct
differences in body weight to length relationships exist between the two Dietary differences
were also noted between roundtail chub and bonytail Roundtail chub were piscivorous 8
of stolllaCbs and insectivorous while bonytail diets were limited to terrestrial insects adult
beetles grasshoppers and ants which were commonly found floating on the surface plant
debris and algae Young chubs ate mostly aquatic insects chironomid 13IV3e and
ephemeropteran nymphs Colorado squawfish up to 50 mm TL ate cladocerans copepods
and chironomid larvae Larger fish 100 mm TL had increased proponions of insects in their
stomachs FISh over 200 mm TL ate almost exclusively other fish with redside shiners being
most often identified Humpback sucker stomachs were found to be packed with mud
containing chironomid l3IV3e and plant stems and leaves No seasonal or geographic changes
in diet were noted for any of these species Although young fish were found consistently after
collection of ripe adults no spawning locations or exact timing is noted for any of the above
species
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SUMMARY Razorback sucker bonytail chub humpback chub and Colorado squawfish eggs were spawnedand fertilized at 1 c and ova then incubated at 5 10 15 20 25 and 3ooC Total mortalityof all ova occurred in 12 96 hOUIS at 5 10 and 3ooC and in 4860 hours for squawfish onlySurvival and percentage hatch was highest at 15 200C bonytail or 200C all others Hatched
prolarvae were 0 2 13 mm 1L longer at 200C than at 15 or 250C Spinal or other anomalies
were more frequent at 15 and 250C than at 200C Development rates were similar for all
species 4461 150C 849 9 ZOOC and 124188 250C Development rate V
tempemture 1 relationships defined as V mT b were similar for all species all were
highly significant r 0 770 99 and indicated a Rzero development temperature range of
86OC bonytail to lUOC squawfish Because of lower survival and significantly higherincidence of anomalies at 15 and 250C the optimal temperature for development and hatchingof these species is probably near 200C
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SUMMARY Research was conducted at Black Rocks on the Colorado River in Western Colorado in 1983
and 1984 to obtain information about the spatial and temporal spawning relationship of
humpback and roundtail chub Spawning of humpback and roundtail chubs temporally
overlapped in both 1983 and 1984 Gonadosomatic indices and mean ovum diameter were the
most definitive data available to estimate spawning time Roundtail chubs spawned between
the first of June and mid July 1983 whereas humpback chubs spawned near the end of June
Spawning time for both fishes occurred later in 1984 Roundtail chubs spawned between mid
June and mid July humpback chubs spawned near the end of July Occurrence of nuptial
tubercles expressible milt and relative body condition generally had limited application as a
definitive indication of spawning time
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SUMMARY Humpback chubs in the Little Colorado River a warm tributary to the Colorado River grew
rapidly to about 250300 DUD total length at 3 years of age the onset of reproductive maturity
for female fish FISh spawned in April of May annual reproductive success was greatest when
spawning coincided with seasonal river runoff Use of habitat by ageO and juvenile humpback
chubs was affected by light intensity shallow littoral areas were used during darkness but
during daylight only when the water was turbid Stomach contents from humpback chubs were
dominated numerically by immature Chironomidae and Simullidae Lernaea evorinacea was
the most conspicuous metazoan parasite of humpback chubs in the Little Colorado River but
was rarely found on fish in the Colorado River
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RAZORBACK SUCKER MANAGEMENT HISTORY
STOCKING PREDATION

SUMMARY Razorback sucker management in Arizona began in 1981 with a 10 year memorandum of
understanding between Arizona Game and FISh Department GFD and U S FISh and Wildlife
Service Production is at Dexter National FISh Hatchery New Mexico with grOWoU to larger
sizes both mere and at GFD Page Springs Hatchery By 1985 more than 10 million juveniles
fingerlings and fry have been stocked at 28 sites on the Gila Salt and Verde rivers and their
tributaries Stocking sites and downstream riverine reaches have been monitored annually and
reservoirs on each system were sampled in 1985 Few have been recaptured more than a few
weeks after introduction Post stocking studies to evaluate dispersal and predation were
carried out in 1984 and 1985 Fish 62 213 mm TL move downstream at night Predation by
introduced catfishes has potential to remove significant percentages of stocked fISh It is
recommended that razorback be stocked at upstream localities where predator populations are
absent or smaU in winter when predation may be reduced or when predators have been
removed or at least depleted Introductions should be of a few individuals over a wide time
span rather than abruptly in large groups
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COLORADO SQUAWFISH RAZORBACK SUCKER
BONYTAIL HUMPBACK CHUB DEXTER NATIONAL FISH
HATCHERY EGGS TL INDUCED SPAWNING GENETIC
DIVERSITY REINTRODUCTION PARASlTES

In 1974 Dexter National FISh Hatchery began working with endangered southwestern fishes
to determine if they could be held and rearecJ in captivity Up to 20 species of imperiled fishes
have been held at one time and presently 14 species are being held at Dexter with three
additional introductions planned for 1986

Oenetic diversity is an imponant aspect of the Dexter program In order to maintain the
genetic diversity of domestic fish broodstock are often fish captured in the wild and additional
wild fish are brought in periodically to mix with equal numbers of hatchery fish In 1985 625
laml1 razorback suckers were oollected from Lake Mohave to be utilized as broodstock in 1987
A new lot of squawfish is also being reared to replace the existing brood Attempts to collect
bonytails from Lake Mohave in order to incorporate greater diversity into the broodstock have
failed

Most effortS in developing culture techniques have been concentrated on four Colorado fishes
razorback sucker Colorado squawfish bonytail and humpback chub The wet method is
typically employed in spawning out these fish eggs are hand stripped into pans milt is added
from two or more males and eggs are stirred gently with a feather to ensure adequate mixingSlurried bentonite is added following fenilization and the clayed eggs are poured into floating
egg baskets gently washed to remove the bentonite allowed to water harden enumerated
gravimetrically and placed in Heath trays and in jars Incubator water is heated to 70 F and
flow is regulated at three gpm Fetnale razorback suckers become gravid and spawn when
water temperature approaches 55 F Both male and fetnale fish receive injections of chorionic
gonadotropin CO A total of 134 three and four year old domestic razorback sucker
averaging 3 2 pounds were spawned in 1985 These fish gave a total of 8714 114 eggs for a
mean egg take of 65 030 and 19 887 eggs per pound of body weight In 1985 18 fetnale
Colorado squawfish averaging 3 6 pounds produced 1 490 006 eggs for a mean egg take of
8277S 22921 eggslpound body weight Overwinter mortality of the squawfish fingerlingshowever was less than one percent Eleven fetnale bonytails spawned naturally in holdingponds producing 12618 fingerlings

The ultimate goal in the recovery effon is to restore depleted or extirpated members of the
native ichthyofauna to viable seU sustaining populations within their historic range More
than 87 million fry 790 000 fingerling and 280 adult razorback sucker have been released into
Arizona waters since 1981 Monitoring surveys determined mortality of planted fish especiallyfry to be very high Predation by ictalurids and centrarchids is the main reason for low
survival
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SUMMARY The purpose of the Colorado River FIShery Project was to gather biological information on
the fishes of the Colorado River panicularly those that were listed by the FISh and Wildlife
Service as endangered or threatened The objectives of the hatchery laboratory project are to
learn how to propagate and to produce Colorado squawfish humpback chub and bonytail chub
for laboratory studies to determine how temperature and total dissolved solids affect these
fisb to determine the toxicity of trace chemicals to them to determine their habitat
requirements and competition with other species under laboratory conditions and to measure
their swimming ability

Hatcheries Wild Colorado squawfish successfully spawned in 100 x 8 x 4 ft racewaysSeveral tons of gravel were placed in the upper 113 of the raceways to provide depths of 0 75
em spawning habitaL The water was unfiltered unsterilized river water Maturation occurred
about a month after the water temperature reached 68 to 70 F Injections of carp pituitary
were used to successfully induce spawning in both wild and domestic broodstock Up to 95
of the wild eggs from natural spawning hatched successfully but only about 2 of the eggshatched of those taken from domestic broodstock Squawfish fry were successfully convened
to UOut feed but grew very slowly taking about 100 days to grow from 7 to SO mm

Wild humpback chubs did not spawn naturally in the gravel raceways and few eggs were
collected following inducement of spawning with carp pituitary Fry growth was faster than the
squawfish and some grew 1 mm per day

Eggs from wild bonytail chubs were fertilized with sperm from roundtails and humpbacksHatching success was 75 for roundtail and 62 for humpback crosses Growth of humpbackx bonytail fry was excellent reaching 125 mm in 6 months Roundtail hybrids however grewonly 75 IQJIl and some had deformed backbones

Laboratories Temperature preference is being determined under laboratory conditions for
youngof the year juveniles and subadults of the razorback suckers Colorado squawfishhumpback chub and bonytail chub hybrids The fish are tested individually in either an

electronic shuttle box or a horizontal temperature gradienL Razorback suckers 150 300 mm
acclimated to temperatures of 20 and 26 C both preferred temperatures from 22 23 C
Colorado squawfish 100 mm acclimated at 14 20 and 26 C preferred water temperatures of
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203 285 and 228 C respectively A stamina unnel is being used to test swimming
performance of individual fish at three acc1im3tion temperatures Razorback suckers tested
at water current velocities of 05 to 20 ftsec were able to swim for 1 hour at velocities less
than 125ftsec and less than 2 minutes at velocities of 2 ftsec or greater No differences were

detectable between temperatures

Bioassays Eight inorganic and eight organic compounds are being tested in 96hour static

bioassays on Northern and Colorado squawfish For each chemical LD50s are determined at

12 17 and 22 C with total dissolved solids levels of 730 175 and 32 mgll Some tests have
been made which showed Colorado squawfish faring better than the Northern squawfish

Culture Fiberglasstanks and aquaria were set up to hold and culture large numbers of fish
various stages of development for bioassay and behavior studies Juvenile Colorado squawfish
and humpbacks are under intense culture at various temperatures and fed a commercial diet
of trout feed

ute History Currently Colorado and Nonhem squawfish are being studied in the field and

laboratory for information on spawning biology early life history food habits habitat
preferences length weight and age growth
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COLORADO SQUAWFISH BONYTAIL CHUB HISTORY
BROODSTOCK STOCKING

W L Minckley first attempted to rear razorback suckers at the Phoenix Zoo in Arizona in
1968 but was unable to keep fish alive for more than one year Starting in the 1970 s three
long term projects designed specifically to protect southwestern fishes were initiated In
Nevada the U S Bureau of Reclamation established Devils Hole Pupfish Refuge below
Hoover Dam In 1974 Texas Department of Parks and Wildlife constructed the Comanche
Springs Pupfish Canal at Balmorhea State Recreation Area The third facility Dexter National
FISh Hatchery operated by the U S Fish and Wildlife Service began working with native fishes
in 1974 Since that time propagation of native southwestern fishes in anificial environments
has centered around the program atDexter Hatchery

Colorado Souawfish The first Colorado squawfish were brought into captive propagation at
Willow Beach NFH in Arizona and later transferred to Dexter NFH A total of 122 squawfish
have been taken from the wild for broodstock since 1973 but 60 of those fish were juveniles
that failed to survive transfer from rearing ponds at Ouray National Wildlife Refuge The
present 1989 broodslOCk maintained at Dexter consists of 14 wild fish and two cohortS of
F1 fish from wild broodstock 185 fish from the 1974 yearclass and 243 fish from the 1981

yearcIass ReintrodUction of Colorado squawtish began in Arizona in 1985 on the Salt and
Verde rivers as one pan of the recovery of this species Success will be evaluated in 1994
when the stocking effon is complete

Samail Chub Eighteen adult bonytail were collected from Lake Mohave between 19761983
as broodstock for the propagation program at Dexter NFH Four fish failed to survive captureand transportation trauma and others have not produced gametes Only six female and five
male wild bonytail parented the existing broQdfish The present 1989 broodstock consists of
1 780 fish of the 1981 yearclass all wild fish are now dead Approximately 110 000 bonytailchub have been stocked back into Lake Mohave between 1981 1987
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SUMMARY Fecundily temperature preferendil and other biological criteritz listed in this manuscript are rather
dated when compared to more recent publiclltions contained in the CWCB library We have
incluIied this work as historical background

During the Period 1909 1938 seven dams were built on the lower Colorado River which has
resulted in colder but more uniform water temperatures extending longer into the spring and
the warming trend into the summer is slower These condition changes have contributed to
the peril of the razorback sucker Only in the Yampa River CO is channel substrate and
temperature near natural conditions Spawning generally occurs at temperatures of 12 lSOC
January April at depths of 05 3 0 m Substrates where spawning has been observed is

made up of cleaned gravel sand areas Maturity occurs between 5 7 years of age Relative
fecundity was estimated from Lake Mohave fish at 27 000 144 000 eggs per female Eggs
are mildly adhesive to substrate and range in size from 18 32 mm in diameter Tune to
hatching decreases as temperatures increase with egg survival best between 16 250C Sub
adult fish had a temperature preference of 25 40C about 2 3 days after swim up larvae in
aquaria used the upper 113 of the water column and displayed little tendency to seek shelter
a mild current would have displaced them downstream After this period they moved to the
bottom and began feeding on or near the substrate and used vegetation and rock as cover when
disturbed They rarely entered the upper half of the water column beyond 15 days after
hatching Hybridization may also be a threat to the continued presence of razorback suckers
Hybrids of razorback and many other catostomids have been reponed Catostomus latipinnisC commenoni C discobolus C insignis Reintroduction without defining and satisfying eggand larval survival requirements and not considering habitat maintenance will not result in
natural recruitmenL Considering the apparent need for relatively warm egg incubation
temperatures somewhere along the lower Colorado River will be the most feasible location
to attempt recovery on the mainstream The lack of spawning substrate may be solved throughmodification of proposed projectS
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RAZORBACK SUCKER SPAWNING

SUMMARY The movements of five razorback suckers within a reservoir of the Colorado River were

monitored through two spawning periods from January to April 1980 and 1981 using
ultrasonic transmitters Telemetry data indicated that razorback suckers congregated and

spawned over two gravel areas in the littoral zone of the reservoir in 2 18 feet of water
Substrate samples analyzed from spawning sites at Senator Wash Reservoir and a third location
on the Colorado River revealed similar geological and petrological composition

A66



REFERENCE NUMBER

CITATION

065

Osmundson D B 1987 Growth and survival of Colorado squawfish
PtvchocheiIus lucius stocked in riverside ponds with reference to

largemouth bass MicroDterus salmoides predation MS Thesis
Utah State University Logan Utah 191 pp

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

CS CS JUV

Research

PREDATION COLORADO SQUAWFISH SIZE SELECTIVITY
RIVERSIDEPOND REARING ORAVEL PITPONDS ANNUAL
OROWTIi STOCKING

Hatchery reared Colorado squawfish 45 145 mm TL were stocked into five riverside ponds
near Grand Junction in faU1983 and summer 1984 Ponds were 0 85 3 16 hectares and fish
were stocked at 3 090 per hectare All ponds were formed from gravel removal operations and
had been flooded by ground water Winter low temperatures were 9 3ZOC summer high
temperatures were 34 440C Predation parasitism and winter stress all effected survival which
was generally low Annual growth of fingerling squawfish in one warm water pond however
was more than twice that reponed from natural river conditions or hatchery ponds With
predator conttol growth of spring stocked fingerlings could reach 230 250 mm TL by fall

Laboratory experiments were conducted with largemouth bass to determine forage type and
size preferences In the lab bass preferred squawfish over green sunfish and red shiners but
selected fathead minnows and squawfish equally Bass ate significantly more small than large
squawfish In pond conditions bass switched their diet from customary food items to squawfish
after squawfish were stocked The presence of fathead minnows equally preferred in the lab
failed to buffer predation on squawfish indicating that stocked squawfish were more
vulnerable Survival in ponds was 052 thirty weeks after stocking in the fall of 1983 0
46 ten weeks after stocking in summer of 1984 and 0 0 03 lwentyeight weeds after
stocking in the fall of 1984 Stomach contents of bass indicated that intense predation was

largely responsible for the complete loss of squawfish from one pond which had a high bass
density
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COLORADO SQUAWFISH LIFE HISTORY PARASITES

Field observations on the life history of the Colorado squawfish were made during 197476 in
Dinosaur National Monument and adjacent areas of the upper Green and Yampa rivers and
at Grand Junction on the Colorado mainstem Although squawfish were captured at two
widely separated localities in the Green and Colorado rivers the species was thought to consist
of a single population

A series of 15 detailed drawings was made to document the development of young Colorado
squawfish from egg various larval stages and juveniles Morphometries and meristies were
tabulated for each stage Squawfish were observed to mature when individuals reached a size
of 428503 mm TL and an age of 68 years The most common parasite of the Colorado
squawfish was found to be the copepoda Lernea sp Other parasites and diseases included the
fungus Ichthvoohthirius sp the tapeworm Proteoceohalus ambloolites and the protozoa
Mvxosoma sp and Mvxobolus sp
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HISTORY

SUMMARY This is a general anicle dealing with the plight of southwestern fishes A brief general account
of recent 1988 reintroductions of razorback and squawfish are given
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HUMPBACK CHUB BONYTAllCHUB COLORADO
SQUAWFlSH RAZORBACK SUCKER MANAGEMENT
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SUMMARY Site suitability criteria for endangered fishes facilities were developed in the planning process
for Dexter NFH These included many standard needs location water quality and quantity
space access security and climate Two of the principal criteria for locating an endangered
fishes facility are unique FIISt isolation of the facility from natural surface waters is essential
Seand it is essential to isolate culture ponds from one another because many of the fish
species involved are phylogenetically similar and could produce fenile hybrids
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SUMMARY The effects of conditioning of hatchery reared fish was studied to test the hypothesis that
conditioning would increase survival in the wild Prior to the 1986 stocking squawfish and
razorbackS were separated into equal groups marked and placed either in a raceway with no
measurable current or with 5 cmIsec currenL

Results of the conditioning study on razorback suckers indicated that conditioning did not

appear to enhance the retention of hatchery reared razorback sucker All fish moved
dowDstream and exhibited a crepuscular pattern Thus prior conditioning to current has no

apparent positive effects on the dispersal of razorback sucker Only four squawfish from the
1986 stockings were recaptured causing results on the effect of conditioning inconclusive
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SITE SELECTION CRITERIA PONDS RACEWAYS
COLORADO SQUAWFISH HUMPBACK CHUB BONYTAIL
CHUB PRODUCTION NUMBERS BROODSTOCK PH
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This work quantifies the need for hatchery reared Colorado River fishes in the UpperColorado River Basin UCRB based upon the draft Conservation Plan 1983 and in the
Lower Colorado River Basin based on Recovery Plans for Colorado River fishes Needs for
hatchery reared fish are identified in the Conservation Plan for researchmanagement studies
for stocking to increase upper basin stocks and for development of a spon fishery for
Colorado squawfish in a small reservoir

Some life history infOTmlllion such as percentage ofhatch survival offry and artificial spawning
techniques is pruented in this paper However this information is quite daJed

Broodstoek in hatcheries have diminished since 1981 due to theft and attrition In order to
maintain genetic wriability and avoid inbreeding geneticists advise keeping at least 50 adults
for breeding with equal numbers of males and females Hatchery raised Colorado squawfish
can survive in the wild but their ability to reproduce is unknown About 1500 8 15 inch
Colorado squawfish from Willow Beach NFH were tagged and stocked in the Upper Colorado
River in 1980 F1fteen of these have been recaptured in association with wild fish About 7300
humpback chubs from Willow Beach NFH were released into the Upper Colorado River in
Cataract Canyon in 1981 In 1982 42000 hatchery reared bonytail were released into Lake
Mohave

Severa types of hatchery and laboratory facilities have been used to culture Colorado River
endangered fishes At Willow Beach NFH water was held in raceways and aerated
mechanically and circulated to achieVe a water temperature of 7 OC for spawning and growthAmmonia and other waste produCts built up in these raceways so periodically water was
replaced and raceways were cleaned At the Univ of Idaho at Moscow 40 000 Colorado
squawfish and humpback chub from Willow Beach NFH were reared for several months in a
closed system with a biofilter Flow through systems have been used at Utah State Universityand the USFWS Field Research Laboratory at Jackson Wyoming Warm water ponds have
been used for rearing at Dexter NFH Hotchkiss NFH Page Springs State Fish HatcheryArizona and at Niland State FISh Hatchery in California Facility designs and site evaluations
are based on the projected need to produce 500 000 fingerlings per year Colorado squawfishhumpback chub and bonytail

Selection criteria follow
WATER Water rights for 5 10 cfs should exist or be for sale this must be an all season
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source must be able to refill 3 one acre ponds in 48 hrs and all ponds in 2 weeks Water

quality must meet basic requirements be between 20300C have ap least 7 ppm 02 and pH
7 9 Water should be free of contaminants H Mn heavy metals silt sand fish and disease
organisms Gravity supply is preferred to pumping More than a single source of water is

preferred

LAND Should be in federal or state ownership or be attainable present use should not
contlict with its use for a fish hatchery At least 50 acres should be available Should be near
level but facilitate draining of ponds Raceways should have 18 inches of fall Site must be
amenable to construction for ponds

LOCATION Site should be located centrally in the Upper Colorado River Basin within the
historical range of the Colorado River endangered fishes preferably where they still occur

Housing should be available in the community

ECONOMICS Construction operation and maintenance costs should be the most
economicaL Life span of facilities should be considered and operating and maintenance costs

determined

STRUCTURAL NEEDS MINIMUM 25 one acre earthen ponds 10 0 2 05 acre earthen
ponds and 6 raceways for pond culture or 10 6x60 and 5 8x8O raceways and 10 0 205 acre
earthen ponds Holding house with 16tanks and laboratory Admini tration building office
crew room visitors center Three stall garage and shop Residences and roadways and drives

SiteS evaluated were Willow Beach NFH Dexter NFH HotchJdss NFH Logan FES Page
Springs SFH Rifle Falls SFH Ouray NWR Brown s Park NWR Big Spring FISh Springs

and Smithfield Well

Dexter NFH may not be able to expand production due to limited water rights and leaking
ponds Proximity to the Upper Basin is less than optimal One hatchery for holding all the
reserve populations of Colorado River endangered fishes in not adequate The Ouray Utah
site has many advantages and is recommended for further analysis by this study As an
alternate site Fish springs possess the ideal temperature for warm water fish culture They
have adequate water for raceway culture and should be suitable for ponds This site would
acceJerate growth of Colorado squawfish and chubs by year round culture in raceways It is
however remote
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Human activities are causing losses of genetic diversity in two primary ways by causing
attrition in population size and extinction of local populations and whole taxa and perhaps
not so obviously by encouraging hybridization primarily through introductions of non native
forms Once a taxon or geographic subdivision of a taxon has been targeted for conservation
efforts management needs and priorities depend primarily on knowledge of the geographic
pattern of genetic variation The best strategy for preserving flexibility of a taxon is to
maintain as many populations as possible while retaining natural patterns of genetic diversity
within and between populations Protein electrophoresis can provide sensitive indexes of these
patterns of diversity though they should not be used to the exclusion of morphology and life
history information

Two types of human activities contribute to loss of native populations by encouraging
hybridization 1 habitat alterations and 2 introductions of fishes into areas outside their
natural areas of occurrence Habitat changes can heighten hybridization by allowing contact
between previously separate populations by altering environmental features imponant in
reproductive isolation or by reducing the abundance of a species until contact with individuals
of another species becomes more likely than contact with conspecifics When a taxon is rare
hybridization enhanced by habitat alterations may threaten the genetic integrity of the entire
taxon The introduction of non native forms can cause catastrophic genetic introgression after
only minimll introductions

Intensive management of little understood fishes Colorado squawfish razorback sucker and
bonytail chub is already underway Ideally these activities should be based on patterns of
genetic variation One of the first priorities in plans for the recovery of any species should be
to obtain geographic SUIVeys of genetic variation The extinctions of alleles essentially are
irrevocable losses while changes in frequencies of available alleles are not The primary
purposes of artificial propagation effortS are 1 to protect genetic resources against
catasuophic loss of natural populations 2 to allow research on needs of threatened fishes and
3 to provide stocJcs for reintroduction into historic ranges of occurrence If a species is
extremely rare the goals might shift to merely preservation of as much as possible of the
remaining genetic diversity Care should be used in the choice of populations for captive
propagation sites for founding stock should show the highest heterozygosity The primaryproblem to be avoided in preserving genetic integrity of captive populations are loss of genetic
variability due to genetic drift genetic changes due to selection and contamination with
foreign genes In artificially spawned species the initial founding population size should have
an absOlute minimum of 25 females and 25 males succeeding generations in captivity should
be maintained at no fewer than 100 females and 100 males and effon should be made to
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equalize the reproduction of all individuals in the founding population

Contained as a secoNiory portion to this document is a well thought out program ofconservation
genetics to be applied to Westem North American fishes It is quite lkUliied and reviews all
priorities forpreservation of viable natural fish populations
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RAZORBACK SUCKER STOCKING GROWTH SURVIVAL

Three million razorback suckers were stockec1 by USFWS and AGFD at fifteen localities in
the Gila River drainage Arizona in 1985 Most 865 were fry transplanted in the Salt
River drainage Monitoring surveys conducted in 1985 showed that stocked razorback sucker
growth was evident with subfingerling5 more than doubling in size and fingerlings in Bonita
Creek about 25 larger at time of capture Stocked suckers were found to grow best in
backwaters where other catostOtnids were absenL Mainstem river sampling failed to collect
any razorback sucker In 1985 post stocking dispersal studies on 25 875 razorback suckers 90
mm 11 showed dispersal of stocked razorbacks was downstream with only one fish taken 0 5
km above

Data indicate that the presence of introduced predators is a prinwy factor affecting success
of reawery It was also thought possible that conventional pond rearing may adversely affect
a razorbacks ability to adapt rapidly to the lotic environment when stocked Nearly all fry87 of razorbacks stocked in 1985 were susceptible to essentially all sizes of predators It
wasleammended that size of stocked razorback should be no less than 250 mm 11
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COLORADO SQUAWFlSH STOCKING SURVIVAL

SUMMARY Colorado squawfish were stocked into six locations of the Salt and Verde Rivers More than
96000 fingerling and 442 larger 355405 mm TL squawfish were stocked August through
October 1985 Initial monitoring consisted of over night trammel netting at one site on the
Verde River in September of 1985 From this site seven Colorado squawfish from the 26
August 1985 stocking were collected Seining in September and a later trip by Arizona State
University personnel in November failed to collect any additional squawfish

It was recommended that squawfish be stocked in upstream tributaries to avoid stranding of
fish in irrigation diversions and to reduce predation by non natives Also recommended was
the stocking of larger fish
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COLORADO SQUAWASH RAZORBACK SUCKER
PREDATION RED SHINER CHANNEL CATFISH GREEN
SUNFISH

SUMMARY This study examined predator prey interactions between three potential predators adult red
shiner young channel catfish and green sunfish and larval Colorado squawfish and razorback
sucker under laboratory conditions

Before addition of predators larval razorback were distributed fairly evenly throughout the

aquarium After addition of predators larvae tended to stay in the upper 112 of the aquaria
light and dark periods During light periods predators tended to stay on bottom 112 of

aquaria however green sunfish would actively swim to the surface to chasecapture a larvae

During dark periods catfish and shiners were observed actively swimming throughout the

aquaria

Before addition of predators larval squawfish were distributed throughout aquaria most in
bottom half then with addition of predators they moved to the upper half Behavior of
predators was similar to that described in the razorback trials sunfish actively pursuing prey
in light hours catfish and shiners more active in dark hours
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PARASITES COLORADO SQUAWFlSH ANTIHELMINTHICS

SUMMARY Nineteen tapeworms of an apparently new species were recovered from adult Colorado
squawfish maintained at Willow Beach National FISh Hatchery Treated fish were held in
isolated portions of the raceways over a three day period Voided worms were collected
hourly During October 1980 fish were treated with the antihelminthic Di N butyl rID Oxide
in graded dosages of 480 mg and 1120 mg per fish per day Another treatment was conducted
in April Fish were treated once with oxytetracycline HO Terramycin at a rate of 25
mglpound of fish body weight with no antihelminthic drug used Parasites were stained with
Grenachers alcoholic borax carmine Semichon s acetic carmine and Harris s hematoxylin
using procedures of Meyer and Olsen 1975 Schmidt s 1970 identification key was used to
determine the genus Ohpiotaenia Most species in this genus have been reponed from
amphibian and reptilian hosts with two exceptions from piscine hosts one from Channel
Catfish and one from a siluroid fish Svnodontis The specific name is derived from the
lau criticus meaning critical or decisive and is used in reference to the endangered status
of the host species the Colorado squawfish
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RAZORBACK SUCKER SPAWNING

SUMMARY In MarcJ11950 razorback sucker were observed spawning in the littoral areas of Lake Havasu
Two suckers both ripe males exuding milt were seined Their lengths were 21 2 and 213 in
and their weights 4 8 and 55 lbs respectively Nine other ripe males were sampled with gill
nets No females were captured Spawning groups as large as 48 were noted One larval
sucker was found in a plankton tow Temperatures averaged 620F over the 15 day observation
period March 2 to 17
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SUMMARY A stamina tunnel was used to determine the prolonged swimming performance of ageO
humpback chub bonytail chub Colorado squawfish and subadult squawfish The fatigue
velocity in body lengths per second at which 50 of the test fish were faligued FV50 was

determined at 14 20 and 260C The ranges of FV50 values for the three fishes average total

length in parentheses were humpback chub 95 mm 4 45 7 bonyrail chub 99 mm 4 7 5 8
small Colorado squawfish 104 mm 4 04 5 large Colorado squawfish 432 mm 2023
Absolute speed of large Colorado squawfish was about 24 times that of small squawfish
Swimming ability of subyearlings increased with increased water temperature Swimming
abilities were found to be similar to other fish species
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SUMMARY A survey of the Colorado River drainage in Colorado was made during the summer fall of
19791981 to determine the distribution of larval Colorado squawfish and relate their
occurrence to hydrological regime Squawfish iaIvae were collected in the lowermost 31 kIn
of the mainstem Colorado River in 197981 and in the lowermost 29 kIn of the Yampa River
in 198081 Larval squawfish were not found in collections from either the Gunnison or White
Rivers Estimates of spawning periods for the Colorado River range from as early as 18 June
in 1981 to as late as 26 August in 1980 In the Yampa it was estimated that spawning occurred
as tWly as 16 June in 1980 and as late as 3 August in 1981 Observations indicated that

reproductive success was related to both flow and temperature regimes

A82



REFERENCE NUMBER

CITATION

079

Osmundson D B andLR Kaeding 1989 Colorado squawfish and
ra7Drback sucker growout pond studies as part of conservation
measures for the Green Mountain and Ruedi Reservoir water sales
U S FISh and Wildlife Service Colorado River Fishery Project
Grand Junction Colorado 57 pp

SPECIES AND UFE STAGE

TOPICS

KEYWORDS

SUMMARY

cs CS JUV CS ADULT RZ RZ JUV RZ ADULT

Production Culture Techniques Research

COLORADO SQUAWFISH RAZORBACK SUCKER

Reslllts of this study and of earlier investigations by Osmundson 1987 indicate that riverside

gra el pit ponds can provide good rearing habitat for Colorado squawfish Growth rates varied
coDiiderably among ponds Growth rate was found to be tied to stocking density and the

availability of forage Survival rates also vary but are generally low as low as 15
Starvation susceptibility to common pathogens due to inadequate forage and possible
asphyxiation from hydrogen sulfide were offered as possible explanations for the low survival

ratcL

Growth rate and survival was extremely high for the 430 razorbacks stocked in the riverside
gravel pit ponds Mean length was 462 mm mean weight was 1088 g and all fish apparently
had reached sexual maturity by the end of the third growing season Rapid growth was

attributed to the pond s high productivity and low numbers of razorback stocked
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SUMMARY Colorado squawfish from Pond 31 were captured and eYllmined for ripeness on June 2 1988

Ripeness was determined by presence of tuberdes and for the females by the softness of the
abdomen and the color and shape of the genital papilae Thirty females and 60 males were

traJlSferred to raceways Females were injected with 2 mg acetone dried carp pituitary CP lb
booly weight intraperitoneally FISh were stripped 24 hours later Eggs were stripped into pans
con taining sperm diluent and bentonite clay Eggs were transferred to baskets to water harden
for 112 hour

A total of 712897 eggs were taken from 26 females with a mean number of 29 946 eggs female

EgJS began hatching in 48 hours and completed hatching in 72 hours at incubation
temlperatures of68F Approximately 50 hatched Sac fry were transferred to hatchery tanks
until swim up and then transferred to rearing ponds

POIlId 1 was filled and fenilized with 50 lbs of 16 200 One gallon of Diquat and 28 pounds
of lopper sulfate were used for vegeration control The pond was stocked with 100 000

sqlulwfish fry on June 15 The fish were fed 2 5 lbs trout food daily In October 8 000 fish
were harvested at a mean size of 21 Fish survival was a poor 8 because of poor vegeration
control and cannabalism

Pallid 5 was filled and fenilized with 50 lbs of 16 200 After filling it was treated with 23 lbs

copper sulfate and 1 qt Sonar during the rearing period for vegetation control On June 15
100 000 squawfish fry were stocked and fed 2 5 lb trout food daily During October 22400 fish
were harvested at a mean size of 2r Fish survivival was 224 and vegetation control was

em llenL

Ra2orback sucker fry 300 000 were received March 14 1988 from Dexter NFH Fry were

placed in each of four ponds at a density of 75 000 Survival was 60 0 63 7 720 and
unevaluated from March to October when the fish were 3 0 to 3 2 long

Pond 2 was filled and fenilized with 50 Ib of 16 200 After filling it was fenilized with an
additional 270 lb of 16 200 and 2 gal liquid fertilizer It was treated with 10 lb Karmex 1 gal
liquid Karmex 10 Ib copper sulfate and 3 4 quan Sonar for vegetation control The 75 000
fry were stocked March 14 and fed trout food daily at a rate of 5 15 lb Survival was 60 with
no vegetation problems

Pond 4 was filled and fenilized with 50 lb of 16 200 After filling it was fenilized with an
additional 200 lb of 16 200 and 2 gal liquid fertilizer It was treated with 10 lb Karmex 1 gal
liquid Karmex 10 lb copper sulfate and 3 4 quart Sonar for vegetation control The 75 000
frywcre stocked March 14 and fed trout food daily at a rate of 5 15 lb Survival was 64 with
no vegetation problems
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Pond 28 was filled and fenilized with 50 lb of 16 200 After filling it was fertilized with an

adlditional 200 lb of 16 200 and 2 gal liquid fenilizer It was treated with 8 lb Karmex 25 gal
Cutrine Plus 112 gal Diquat for vegetation control The 75 000 fry were stocked March 14 and
fed trout food daily at a rate of 5 15 lb Survival was 72 with but weed control was poor

Pond 28 was filled and fenilized with 50 lb of 16 200 After filling it was fenilized with an

additional 175 lb of 16 200 and 2 gal liquid fenilizer It was treated with 8 lb Karmex 25 gal
altrine PI 112 gal Diquat for vegetation control The 75 000 fry were stocked March 14 and
fed trout food daily at a rate of 3 10 lb Survival was not evaluated and weed control was poor
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REFERENCE NUMBER 081

CITATION Arizona Game and Fish DepartmenL 1989 Bubbling Pond
Hatchery 1989 Annual Repon 90 2 Phoenix Arizona pp 55 58

SPECIES AND LIFE STAGE
TOPICS

cs CSjUV CS ADULT RZ RZjUV RZ ADULT
Production Culture Techniques Research

KEYWORDS COLORADO SQUAWFISH RAZORBACK SUCKER
HORMONE INJECTION FECUNDITY DIET

SUMMARY Colorado squawfish from Pond 31 were captured and examined for ripeness during the first
week of June Ripeness was determined by presence of tubercles and free flowing milt and
for the females by the softness of the abdomen and the color and shape of the genital papilae
Thirty females and 60 males were transferred to raceways Females were injected with 2 mg

acetonedried carp pituitary CP lb body weighL Fish were stripped 24 hours later Eggs were

stripped into pans containing sperm diluent and bentonite clay Eggs were transferred to
baskets to ter harden for 112 hour

A total of 712897 eggs were taken from 26 females with a mean number of 29 946 eggs female
All eggs were hatched in n hours at incubation temperatures of F Approximately 50

hatchedSacfry were transferred to hatchery tanks until swim up and then transferred to
rearing ponds

Pond 23 was filled and fertilized with 80 lbs alfalfa pellets and 50 lb cottonseed meal After
filling an additional 120 lb alfalfa pellets 75 lbs cottonseed meal 55 Ib of 18460 and 11 gal
liquid fertilizer were added Sonar at 1 2 qtaere Diquat at 1 gaJacre ft and cutrine at 2
gaIJacre ft was added for vegetation control On June 9 20000 squawfish fry were stocked but
no fish were harvested on September 22 Seventeen smallmouth bass SR long were found in
the pond

Pond 24 was filled and fertilized with 80 lbs alfalfa pellets and 50 Ib cottonseed meal After
filling an additional 120 lb alfalfa pellets 65 lbs cottonseed meal 30 lb of 18460 and 11 gal
liqulid fertilizer were added Sonar at 1 2 qtacre Diquat at 1 gaJacre ft and cutrine at 2
galacreft was added for vegetation control Granual cutrine plus at 90 lb acre was also added
On June 9 50 000 squawfish fry were stocked and 2625 were harvested on September 21 at
a mean size of 2

Pond 26 was filled and fertilized with 40 lbs alfalfa pellets and 50 lb cottonseed meal After
filling an additional 20 Ib of 18460 and 11 gal liquid fertilizer were added Sonar at 12
qtacre and cutrine at 2 gaIacre ft was added for vegetation control Gcanual cutrine plus at

90 lbacre was also added On June 9 50 000 squawfish fry were stocked and 392 were
harvested on September 20 at a mean size of 29R
Razorback sucker fry and fingerlings were reared under similar conditions with a survival of
85 15 9 19 2 and 7 8 survival Growth from March to September was 3R 11R 9 2
and US
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REFERENCE NUMBER

CITATION

082

u s FISh and Wildlife Service 1987 Recovery
implementation program for endangered fish species in he Upper
Colorado River Basin U S Fish and Wildlife Service Region 6
Denver Colorado

SPECIES AND LIFE STAGE
TOPICS

KEYWORDS

SUMMARY

cs CS JUV CS ADULT RZ RZjUV RZ ADULT
Life History

COLORADO SQUAWFISH RAZORBACK SUCKER
STOCKING GENETIC DIVERSITY

Stocking of native fish species is identified as one of the five principal recovery elements for
the endangered fishes of the upper Colorado River basin Colorado squawfish and humpback
chub are reproducing in the upper basin but their long term reproductive success is unknown
The bonytaiI chub appears in imminent danger of extinction since it has been found in
insuffident numbers to effectively suppon a viable population only five have been captured
in the upper basin in the past few years Recent data indicate the razorback sucker is very rare
and its population is limited to a small number ofvery old adults successful recruitment in the
wild has never been documented

Procedures for producing the rare species in hatcheries for the research program will be
developed by the Service and Will include 1 Maintenance of genetic diversity 2 Collection
of gametes from the wild 3 Procedures for spawning at the hatchery 4 Location of fish
stocks 5 Details on research projects and 6 Method of transpon and release to the wild

A87



REFERENCE NUMBER

CITATION

083

u s Fish and Wildlife Service 1989

propagationgenetics management work plan
Three year

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

HBBT CSRZ

ute History Research

HUMPBACK CHUB BONYTAIL CHUB COLORADO
SQUAWFISH RAZORBACK SUCKER BROODSTOCK
snoCKING G CS PROPAGATION

SUMMARY Addresses the following objectives and tasks

Objective 1 Develop ad hoc propagation work group
Task 1 Establish ad hoc propagation work group
Task 2 Hire full time fish culture expen
Task 3 Expand update 3 yr propagation genetics plan

Objective 2 Shan Term Fish Needs
Task 1 Identify all principal investigators and request updated information on fish needs
Task 2 Summarize findings
Task 3 Requests to DexterWillow Beach NFH

Objective 3 Review refine and update long term fish needs in five year increments
Task 1 Establish fish needs for broodstock development refugium stocks research needs

augmentation
Objective 4 Genetics Management Plan

Task 1 Develop a work plan draft
Task 2 Hire genetics expertise to develop plan
Task 3 and 4 Develop and implent plan establish necessary schedules and protocols for

implementation
Task 6 Develop genetics data base

Objective 5 Colorado River endangered fish hatchery and research center
Task 1 Identify shan and long term needs and review and recommend new technologies
Task 2 Determine requirements and limiting factors in nature and under fish culture

conditions

Task 3 Establish siteJfacility criteria
Task 4 Site evaluations
Task 58 Engineering assessment and design

Objective 6 Refugia or Gene Banks
Task 1 Develop criteria and necessary protocols for operating and managing Colorado River

endangered fish refugia
Task 2 Develop plan for initiating refugia with implementation schedule

Objective 7 Integrated Recovery Management Plan
Task 1 Develop in collaboration with other Service branches recommendatiotlS for an

integrated recovery management plan
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REFERENCE NUMBER

CITATION

084

Williams J E J E Johnson D A Hendrickson S Contreras
Balderas J D Williams M Navarro Mendoza D E McAllister and
J E Deacon 1989 Fishes of Nonh America endangered
threatened or of special concern 1989 Fisheries 14 6 2 20

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

HBBT CS RZ

Life History

HUMPBACK CHUB BONYTAIL CHUB COLORADO
SQUAWFISH RAZORBACK SUCKER ENDANGERED
SPECIES ACf

SUMMARY The American FISheries Society herein provides an update of their 1979 list of rare North
American fishes The 1989 list adds 139 new taxa to the 1979 list of 251 fishes and removes
26 for a total of 364 fishes in Canada United States and Mexico that warrant protection
because of their rarity Not a single fish warranted removal from the list because of successful
recovery efforts In addition 49 fishes have changed in status but remain on the list 7 have

improved in status 24 have declined and 18 have been reclassified
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REFERENCE NUMBER 085

CITATION Miller RR et al 1989 Extinctions of Nonh American
fishes during the past century FISheries 14 6 22 38

SPECIES AND LIFE STAGE HBBT CSRZ

TOPICS Life History

KEYWORDS HUMPBACK CHUB BONYTAllCHUB COLORADO
SQUAWFISH RAZORBACK SUCKER ENDANGERED
SPECIES ACT

SUMMARY Extinctions of 3 genera 27 species and 13 subspecies of fishes from Nonh America are

documented during the past 100 years Extinctions are recorded from all ares except northern
Canada and Alaska Regions suffering the greatest loss are the Great Lakes Great Basin Rio
Grande Valley of Mexico and Parras Valley Mexico Physical habitat alteration was the most

frequently cited causal factor 73 contributing to extinction
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REFERENCE NUMBER 086

CITATION Colorado River Fishes Recovery Team 1984 Humpback chub
Gila recovery plan agency review draft 40 pp

SPECIES AND LIFE STAGE HB HB EGG HB LARVAE HBjUV HB ADULT

TOPICS Culture Techniques Life History

KEYWORDS HUMPBACK CHUB BROODSTOCK STOCKING GENETICS
REIN1RODUCTlON

SUMMARY Item 6 of the stepdown plan is as folloWS

Assess ootential reintroduction or aUlD1entation sites and imolement stockine when deemed
necessary and feasible
61 Establish and maintain production facilities
6 1 1 Select and suppon appropriate production facilities

6 12 Select broodslOCks
6 13 Maintain genetic variability and integrity in broodstocks
61 4 Developrefine rearing and handling techniques
6 15 Establish production goals in terms of numbers and sizes that are needed for

reintroduction or augmentation
62 Implement and evaluate reintroductions and augmentations
621 Identify areas for reintroduction
622 Restore and prepare stocking sites as needed for reintroduction or augmentation

623 Develop and implement a plan for stocking and monitoring activities
623 1 Determine optimum size and time for stocking
6232 Determine stocking rates and duration needed to reestablish humpback chub

populations
6 233 Establish a monitoring program to evaluate the success of reintroductions

A 91



REFERENCE NUMBER

CITATION

087

Colorado River Fishes RecoverY Team 1984 Bonytail chub Gila
ele23ns recovery plan technical review draft 40 pp

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

BT BT EGG BT LARVAE BT JUV BT ADULT

Culture Techniques ute History

BONYTAIL CHUB BROODSTOCK STOCKING GENETICS
REINTRODUCTION

SUMMARY Item 13 of the stepdown plan is as follows
13 Reintroduce bonvtail chub into the wild with hatchery reared fish

13 1 Develop an artificial propagation and rearing plan
132 Propagate bonytail chub
13 1 Refine propagation techniques
1322 Spawn bonytail chub using the best available broodstocks

133 Rear bonytail for stocking to a size that provides good survival
13 4 Conduct experimental stocking of bonytail chub and identify priority recovery areas
135 Stock reared bonytail in priority recovery sites
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REFERENCE NUMBER

CITATION

088

SPECIES AND LIFE STAGE

Colorado River Fishes Recovery Team 1978 Colorado SquawflSh
Ptvchocheilus lucius revised recovery plan original approwl

March 16 1978 52 pp

CS CS EGG CS LARVAE CS JUV CS ADULT

TOPICS Culture Techniques Life History

KEYWORDS COLORADO SQUAWFISH BROODSTOCK STOCKING
GENEnCS ODUCTION

SUMMARY Item 3 0 of the stepdown plan is as follows
3 0 Reintroduce Colorado sauawfish into their historic ranee

3 1 Develop capabilities to produce adequate numbers of Colorado squawflSh for research and

mangement
3 1 1 Develop or improve propagation holding and rearing techniques to optimize

production
3 12 Maintain a diversified gene pool
32 Conduct reintroductionaugmentation programs
3 21 Identify areas for reintroductionaugmentation
322 Restore or prepare stocking sites as needed
323 Stock and monitor reintroducedStocked populations
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REFERENCE NUMBER

CITATION

089

U 5 FISh and Wildlife Service 1988 Plan for the propagation of
threatened and endangered fishes of the upper colorado river basin

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

HBBT BSRZ

Culture Techniques Life History

HUMPBACK CHUB BONYTAIL CHUB COLORADO
SQUAWFlSH RAZORBACK SUCKER CULTURE GENETICS

SUMMARY Document emphasizes need to develop a comprehensive plan and strategy for propagation to

effectively meet reCXVery goals Requirements are identified as 1 constant full time
involvement of trained technical staff to develop manage and execute 2 commitment by
agencies 3 sound reasoned professional approach to address technical aspects of fish
culture 4 indepth genetic evaluation and plan 5 detailed site and engineering assessments

Objectives and tasks outlined are similar to those presented by the Three Year

PropagationGenetics Management Work Plan USFWS 19S9
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REFERENCE NUMBER

CITATION

090

Bestgen KR 1990 Status review of the razorback sucker
Xvrauchen texanus draft LaIvai FISh Laboratory Colorado State

University Fan Collins Colorado 93 pp

SPECIES AND LIFE STAGE RZ RZ EGG RZ LARVAE RZ JUV RZ ADULT

TOPICS Culture Techniques Life History

KEYWORDS RAZORBACK SUCKER

SUMMARY Document presents a thorough search of the literature peninent to the razorback sucker
Status review was developed for this species in lieu of a Recovery Plan since the razorback
sucker is not a listed species A petition was filed to propose for listing on May 22 1990
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REFERENCE NUMBER

CITATION

091

Tyus HM and S H Severson 1990 Growth and survival of l3IV3l
razorback suckers Xvrauchen texanus fed five formulated diets

Progressive Fish Culturist 52 3 In Press 9 pp

SPECIES AND LIFE STAGE RZ RZ LARVAE

TOPICS ProdUction Culture Techniques Diet

KEYWORDS RAZORBACK SUCKER SURVIVAL COMMERCIAL FRY
DIETS DIET

SUMMARY Razorback sucker sac fry were reared 45 d on five commercial fry diets as first foods The five
diets were AP 100 Zeigler Bros IneGardners PA LN Farm and Wildlife Products Inc
Omaha NE 4200 Bio Marine Hawthorne CA and A 250 and B 250 BioKyowa IneSL
Louis MO Fish fed diets of UV and B 250 had 78 survival and diets AP lOO 4200 and
B 250 had fish survival of 59 32 and 20 respectively Fish total length at study
completion ranged from 123 to 263 mm and average fish weight ranged from 0 026 to 0 092

g Growth of fish fed a limited ration 1 5 body weight per day was comparable to other

laboratory experiments using live foods The authors recommend the use of foods producing
highest survival LN or B 250 as first foods for razorback sucker
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REFERENCE NUMBER

CITATION

092

Severson S H CA Karp HM Tyus and G B Haines 1990

Rearing of razorback suckers at Ouray Utah Proceedings of the
Bonneville Chapter of the American Fisheries Society 1990 In Press
4 pp

RZ RZ LARVAE RZ JUVSPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

Production Culture Techniques Diet

RAZORBACK SUCKER SURVIVAL STREAMSIDE
FERTILIZATION DIET STOCKING

The Us Fish and Wildlife Service established an experimental endangered fish hatchery at the

Ouray NationaJ Wildlife Refuge Ouray Utah in 1987 to develop techniques for rearing and

propagation of the razorback sucker EffortS were concentrated on refining streamside
fertilizatipn techniques intensive culture of larvae establishment of brood stock from fry of
wild fish parentage and stocking of young fish Adult razorback were captured in the Jensen
area of the Green River from 1987 to 1989 sex produCts were stripped in the field and
fertilized eggs were transponed to the hatchery for incubation and rearing

These progeny were used in studies evaluating growth and survivorship of fish in ponds and
in fish fed one of five oommercial diets in tanks The use of oommercial foods has aided the
establishment of seven lots of prospective brood stock representing progeny of seven females
from two different spawning areas These and future lots may be used in intensive population
augmentation effon to aid the recovery of the razorback sucker in the Upper Colorado River
basin Prelimin ry information from stocked fish N 1 879 40271 mm TL indicated that
they moved from shoreline habitats in which they had been stocked to other habitats
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REFERENCE NUMBER

CITATION

093

Knott K 1990 Intensive culture of Colorado squawfish to enhance

growth and survival of fry Colorado State University Fort Collins
Colorado 15 pp

SPECIES AND LIFE STAGE cs CS LARVAE

TOPICS Production Culture Techniques Diet

KEYWORDS COLORADO SQUAWFISH SURVIVAL COMMERCIAL FRY
DIETS DIET GROWTIi

SUMMARY During intensive culture at the Bellwe Research Hatchery Bellwe Colorado Silver Cup and
Biokowa diets were compared to find out which diet enhanced survival and growth rates of
Colorado Squawfish Survival rates ranged from 9099 8 Fry that were being fed the Silver
Cup diet measured an average of 0 58 inches TL after 60 days of feeding Fry that were being
fed the Biokyowa diet averaged 0 70 inches total length after the same period After 44 days
of feeding fry that were fed the Silver Cup diet began to swim erratically and were later
diagnosed as having scoliosis which can arise from dietary deficiencies Monthly temperature
units MTU were generated for comparison of growth among fry held in troughs at different
water temperatures Fry reared at 69 71 OF required 69 82 77 00 MTUs to achieve an inch of
growth fry held at 65 OF required 11857 s to achieve an inch of growth
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REFERENCE NUMBER

CITATION

094

Black T 1982 Preferred temperature of Colorado squawfish
PlVChocheilus lucius and its relations with age and growth rate

M5 Thesis Utah State University Logan Utah 47 pp

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

CS CS JUV CS ADULT

Temperature

COLORADO SQUAWFlSH TEMPERATURE PREFERENDUM
GROWTH RATE DIET

Temperature preference of Colorado squawfish was determined for both juvenile and adult fish
in a horimntal gradient trough Fish were acclimated to 14 20 and 26 DC and twenty
juveniles and ten adults were tested from each acclimation temperature Acute preferenda
mean of individual modes were plotted against acclimation temperature to estimate final

preferendum Acute preferenda of juveniles were 21 9 27 6 and 23 7 DC for 14 20 and 26 oC
acclimated fish respectively Acute preferenda of adults were 215 225 and 25 7 OC for 14 20
and 26 DC acclimated fish respectively Adult and juvenile squawfish appear to have the same
final thermal preferendum approximately 25 oc

Growth rate of juvenile Colorado squawtish was determined over a 12 week period at four
different temperatures 15 20 25 and 30 oc and two different rations satiation and 50
satiation The effect of ration on growth rate was significant but both rations appeared to
be in excess and growth was actually better at the 50 satiation feeding level for fish held at
15 20 and 25 oc with IJ1Dimal growth occurring at 25 DC FISh gained approximately 03 g
at 15 DC 0 9 g at 20 and 30 oc and 1 7 g at 25 oC over the l2 week period
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REFERENCE NUMBER

CITATION

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

095

Keading LR D B Osmundson and cR Berry 1985

Temperature as a resource limiting Colorado squawfish in the upper
Colorado River Basin U S Fish and Wildlife Service Colorado
River Fishery ProjecL Grand Junction Colorado 16 pp

CS CS LARVAE CS JUV CS ADULT

Temperature

COLORADO SQUAWFISH TEMPERATURE LIMITING
FACTORS GROwrH

SUMMARY The authors argue that the shan growing season of the upper basin results in slow growth and
late age of reproduction of Colorado Squawfish The consequence of these life history
characteristics is a greatly reduced potential for growth Temperature as it affects length of

growing season should therefore be considered a limiting resource
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REFERENCE NUMBER

CITATION

096

Thompson J M 1989 The role of size condition and lipid content

in the overwinter survival of ageO Colorado squawflSh M S Thesis
Colorado State University Fan Collins Colorado 87 pp
CS CS LARVAESPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

Research

COLORADO SQUAWFISH OVERWINTER SURVIVAL LIPID
CONTENT

Three size classes small 30 mm medium 36 mm and large 44 nun of hatchery reared

ageO Colorado squawfish were held at simulated winter temperatures 34 oc in aquaria for
210 days to assess the role of size condition factor and lipid content on overwinter survival
FISh of each size class were divided among six aquaria and furnished one of three feeding
regimes dry pellet fed starved and brine shrimp fed Fish in all size classes fed at winter

temperatures and feeding activity was inversely related to fish size On each of days 70 and
140 of the simulated winter period one founh of the surviving fish in each aquarium were

removed and measured to determine length and condition factor

The fish grew little and condition declined as length of exposure to winter conditions
increased Condition declined more rapidly in starVed than in fed fish in all size classes Upid

content of fish was inversely related to winter duration for all size classes and feeding regimes
Percent survival was significantly lower in starved small and medium sized fish than in fed fish
of these sizes Laboratory results were used to construct several curves that depict the range
of lengthoverwinter survival scenarios that may be occurring in wild populations of ageO
Colorado squawfish
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REFERENCE NUMBER

CITATION

097

Hubbs cL and RR Miller 1953 Hybridization in nature

between the fish genera Caloslomas and Xvrauchen Michigan
Academy of Science Arts and Letters XXXVIII 1952 207 233

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

RZ RZ ADULT

Research

RAZORBACK SUCKER HYBRIDIZATION

SUMMARY Hybrids of Casostomus and Xvrauchen were evaluated for morphometic and meristic features

Hybrids were found to have features commonly intermediate between the razorback and

tlannelmouth suckers One of the most diagnostic characters was a reduced keel similar to

those found in razorbacks In hybrids the keel is distinctly formed though it is much less

strikingly developed that in razorback suckers
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REFERENCE NUMBER

CITATION

098

Harris L T Mandis and P Schler 1990 Fish hatchery BeIIvue

Colorado squawfish repon 1989 90 14 pp

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

CS CS LARVAE CSjUV

Culture Techniques Temperature Diet

COLORADO SQUAWFISH CULTURE TECHNIQUES
TEMPERATURE DIET

SUMMARY This experiment found that for productive growth of Colorado squawfish a minimum water

temperature of 64 OF is needed FISh were observed to accept a diet at lower temperatures
526 and 60 oF but growth was marginal and eventually most fish died The 64 and 68 OF

water produced aggressively feeding fish

Biokyowa was the preferred dry diet to stan fry on Fish fed diets of Biokyowa did not

develope scoliosis where as all lots of fish fed commercial trout diets did Some fry had

problems with trout diets being too large and impacting in their gills thereby causing a fungus
problem Biokyowa fed fish were not found to experience this problem because of the smaller
feed size 250 um After fry are started on Biokyowa switching to a semi moist or trout diet
seems acceptable
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REFERENCE NUMBER

CITATION

099

Papoulias D 1988 Survival and growth of lalVd razorback sucker
Xvrauchen texanus M S Thesis Arizona State University Tempe
Arizona 83 pp

SPECIES AND LIFE STAGE

TOPICS

KEYWORDS

SUMMARY

RZ RZ LARVAE

Research Diet

RAZORBACK SUCKER SURVIVAI DIET

Effects of absence delayed presentation and variable quantities of food on razorback sucker
Iarvae were demonstrated through laboratory and pond experimentation In laboratory
experiment the majority of larvae died between 20 and 30 d post hatching when no food was

presented Larvae experienced low 30 mortality if abundant food was presented at least
19 d post hatching Razorback suckers fed from 7 d after hatching but at variable food
concentrations experienced mortality of less than 20 at 50 to 1000 Anemia salina naupliilI
Larvae fed rations of 5 and 50 naupliiI exhibited significantly greater monality 70 30
to 60 naupliiIarvald may be a minimum necessary in the early life stage of razorback sucker

Larvae which did not receive fOod during the first 31 d after hatching were smallest 15 8 mm
11 and similar in size to larvae fed from 7 d after hatching at concentrations of 5 to 50

naupliiL Larvae first presented with sufficient food up to 15 d after hatching grew largest
21 7 232 mm 11 and comparable to those larvae first fed from day 7 at concentrations of

500 and 1000 naup1iiL

Ponds fertilized at tbree levels resulted in variable mean invenebrate densities of 433 23 7 and
125 organis but survival of razorback sucker larvae did not differ among treatments
Total IarvaJ biomass and growth were however greater at the two higher invenebrate densities
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it REFERENCE NUMBER 100

CITATION Valdez RA and A Valdez Gonzales 1991 Field Spawning of

endangered humpback chub Gila evnha Technical report
BIOWEST Inc 2pp

HBHB ADUSPECIES AND LIFE STAGE

TOPICS Culture Techniques

KEYWORDS HUMPBACK CHUB FIELD SPAWNING STRIPPING

SUMMARY Three female humpback chub Gila CVDha were stripped of eggs at Black Rocks Colorado
River Colorado in June 1980 This was the first successful effon to procure eggs from this
endangered species in a field situation The females were injected intraperitoneally with

acetonedried carp pituitary daily for three days before owlation occurred Totals of 4000
4000 and 10 000 eggs were obtained from the three fish The eggs were placed in styrofoam
hatching trays and transferred to Willow Beach National Fish Hatchery
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C W C B HATCHERY FEASmILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Francisco Abarca PHONE NO 602 942 3000

AFFILIATION Arizona FISh and Game Non Game Division
MISC COMMENTS YN N

DATE 1019 90 TIME 10 45

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

a

b

None produced recently
Working more recently on monitoring a release of RZ into the Verde Salt and Gila
rivers These fish were raised at Dexter Dean Hendrickson is still working on the
release information as an agency report also working with Dennis Kubley This
report will be available through Francisco s office They have found few recaptures
of released RZ

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Dean Hendrickson will be producing reports on monitoring of RZ in Verde Salt and Gila
rivers

3 Have you personally worked with the culture of these fish CS HB BT RZ

Personally involved in monitoring of RZ but main person is Robert Clarkson on monitoring
Francisco is mainly in charge of small fishes pup fishes top minnows

4 Are there any researchers that you feel we should contact in addition to those on our list

Robert Qarkson Native FISh Research Biologist
Francisco Abarca Native FISh Biologist
Buddy Jensen

Bubbling Pond Have RZ and CS
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C W C B HATCHERY FEASffiIUTY STUDY

RECORD OF TELEPHONE INTERVIEW

NAME Don Archer PHONE NO 801 5384700

AFFILIATION Utah Division of Wildlife
MISC COMMENTS YN Y

DATE 10 10 90 TIME 1 10

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

None that we don t already have

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3 Have you personally worked with the culture of these fish CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffiIUTY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facIlity

He fears maintaining these species only in a hatchery or by hatchery production There is a

need for a small modestly priced facility to supplement stocks and extend or repopulate
ranges but not at the expense of other wonhwhile endeavors There was a problem with the
proposed experimental hatchery lack of monetary commitment to a shon tenn facility
Agencies were not willing to commit monetary support to a program in effect for just a few
10 years If the project were scaled down there would be less resistance Purpose of facility

should be well defined

What is your opinion of the location

Any additional comments
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CW C B HATCHERY FEASmILITI STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr Eric Bergeson PHONE NO 303494 6942

AFFILIATION U S FISh and Wildlife SerVice Coop Unit
MISC COMMENTS YIN N

DATE 9 2690 TIME 10 00

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

He has sent the literature that he could think of

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3 Have you personally worked with the culture of these fish CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list

No
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C W CB HATCHERY FEASIBILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr Ted Bjorn PHONE NO 408885 7617

AFFILIATION Idaho Cooperative USFWS fish Research Unit U of In Moscow
MISC COMMENTS YN N

DATE 09 21 90 TIME

CALLER S NAME FlShPro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Dr Bjorn will send some old reports that he has on Colorado squawfish surrogate rearing

3 Have you personally worked with the culture of these fish CS HB BT RZ

Did work with Colorado squawtish

4 Are there any researchers that you feel we should contact in addition to those on our list

No other contacts noted
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C W C B HATCHERY FEASIBILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Jim Brooks PHONE NO 505 7345910

AFFILIATION Dexter National FISh Hatchery
MISC COMMENTS YN Y

DATE 1005 90 TIME 1000

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

He has sent copies of literature to us

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3 Have you personally worked with the culture of these fISh CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffilLITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

He feels too much reliance is being placed on hatcheries as mitigative measures

What is your opinion of the location

Any additional comments

Any culture of Colorado squawflSh should include long term homing research

Some reports are available from Dean Hendrickson or the new AZFG non game managerFrancisco Abarca
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CW C B HATCHERY FEASmILl1Y STIJDY
RECORD OF TELEPHONE INTERVIEW

NAME Bob Caskey PHONE NO 303 2487175

AFFILIATION Colorado Division of Wildlife
MISC COMMENTS YIN Y

DATE 305 91 TIME 10 20am

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

No

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No

3 Have you personally worked with the culture of these fish CS HB BT RZ

No

4 Are there any researchers that you feel we should contact in addition to those on our list

1 Pat Maninez
2 Lower Basin biologists
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C W C B HATCHERY FEASmlLITY STUDY
RECORD OF TELEPHONE INIERVIEW

MISCELLANEOUS COMMENTS

1

2

3

4

5

6

7

8

9

10

11

What is your opinion regarding the role of this facility

Should be labeled an augmentation facility a genetic refugium
We will need a major facility from which to augment not the same as stockingA single site is not advantageous we need a major augmentation facility where we
need to maintain genetic stock and refugia a minimum of three
Diversify genetic material so we can recover from disasters
Colorado should maintain genetic stock of all native fIShes
Once species are listed management options are limited
Permanent use of this facility for use of all fISh in the future
There is pragmatic macroresearch that needs to be done to fISh
Definitely a need for research but needs to be kept pragmatic
Also need to look at health of system first Probably shouldn t augment healthy
system ie Yampa River
Facilities

a minimum of one genetic refugium in sytem for stock satellite refugiumalso need an umbrella facility to conduct research umbrella augmentation
facility with a multitude of facilities and expertise with available services
Grand Valley is excellent location
also good opportunity to educate the public on these fish need to tie in
I E with augmentation facility
also should be placed within range of fISt

12 It is critical that one priority should be to obtain genetic material from the wild
13 Recovery can be accomplished if we balancemicroresearch vs macropragmatic

approach
14 No one is looking at hybrid vigor possibly habitat changes have prevented geneticexchange to prevent vigor
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C W CB HATCHERY FEASmlllTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Tom Chart PHONE NO 801637 3310

AFFIUATION Utah Division of Wildlife
MISC COMMENTS YN N

DATE 9 2690 TIME 855

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

Tom has in draft some ecology of bonytail chub in Dexter National Fish Hatchery
Transportation and behavior information He will send it when he gets back from the
Cataract field work Lauren Lucas has information on vitamin C injections etc

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Has report in draft coming soon

3 Have you personally worked with the culture of these fISh CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list

Contact Lauren Lucas 307 721 5819
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C W CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr James Deacon PHONE NO 702 739 3399

AFFILIATION University of Nevada Reno
MISC COMMENTS YIN Y

DATE October 16 1990 TIME 1000 am

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

Not beyond the list

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No

3 Have you personally worked with the culture of these fISh CS HB BT RZ

No not other than hold some in aquarium

4 Are there any researchers that you feel we should contact in addition to those on our list

1 Jim St Amant
2 Linda Ulmer
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

1 Uncertain about need for a facility
2 Clearly requirement is to maintain habitat
3 Traditional management solution to plant more fish is unlikely to be a long term

sustainable solution
4 But hatchery facility may be appropriate for rehabilitated habitat
5 Not reasonable to maintain endangered species with hatchery project

What is your opinion of the location

Not aware of any specifically

Any additional comments

1 Not maintaining a species but maintaining a zoo

2 The idea should be to maintain habitat
3 May need hatchery facility to carry over during stochastic problems with system4 Some possibilities in lower basin i e Gila Verde Salt
5 Multi level release structures for maintenance are possible
6 Genetics can be examined fairly simply
7 IfCS population can expand it will any species has the capacity to outdo its habitat

hatchery facility may be a waste of money
8 May be a role but only for specific problems rather than general e g assisting in

continued periods of drought reintroducing into suitable areas
9 If facility is to perform special purposes then facility needs to gear to special needs
10 More about what is needed in habitat management for them to survive
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Larry Dunsmoor PHONE NO 503 783 2905

AFFILIATION Klammath Indian Tnbe Chiloquin Oregon
MISC COMMENTS YIN 09 2490

DATE TIME N

CALLER S NAME FISh Pro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

None noted

3 Have you personally worked with the culture of these fish CS HB BT RZ

Working with Klammatb Lake suckers

Several years of experience but still in experimental phase Hatchery is an old lumber mill
earthen ponds hatchery building Cold well water supply 5rF they heat water to

temperatures the suckers like Has had excellent success with upwelling incubators one
female per unit several hundred to 15K eggs

PROBLEMS

Suckers die off in late larval stages when cultured in smaller tanks and on artificial feed
Larvae eat like crazy but have chronic die off at 2 3 weeks past hatch metalarval stage
Cannot figure out problem micronutrient missing from diet Water supply
Varied temps to match lake but with no success

Tried brine shrimp diet at first all ate will but then died
Recommends use of zooplankton culture to develop natural food for larvae
Static water culture works best for Klammath Lake suckers
Success with juvenile growth in earthen ponds and doughboy pools
Let water get eutrophic dirty and aerate with mechanical aerator
Hard to see fish for monitoring
Currently use earthen ponds 670 ft x 100 120 feet
Recently HDPE lined two ponds no results yet
Has had outbreaks of Learnaea
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DESIGN IDEAS
Use circular units with crowder screens and structures
Avoid draining lose food source

Add grow lights above tanks to stimulate productivity
Larry is committed to figuring this out to aJlow culture of his species in smaller lots on
artificial feeds

4 Are there any researchers that you feel we should contact in addition to those on our list

No other contacts
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C WcB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME John Hamill PHONE NO 303 236 7398

AFFILIATION U S FISh and Wildlife SelVice
MISC COMMENTS YIN Y

DATE 1012 90 TIME 2 00 pm

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

None that he is aware of but suggests contacting Pat Nelson

2 Do you have any progress reports grey literature or personal information that may be of
value to us

None check with Pat Nelson

3 Have you personally worked with the culture of these fish CS HB BT RZ

No

4 Are there any researchers that you feel we should contact in addition to those on our list

None
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C W C B HATCHERY FEASffiILITY STUDY

RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

1 Definition of hatchery is a key
2 The purpose must be identified and its relationship to existing fadlities described
3 Should be a multipurpose facility for augmentation research technical work
4 Facility needs to seNe as a refugium interface between public and biologist

What is your opinion of the location

1

2

Need to evaluate location thoroulhlv
Lower basin has been involved in culture much longer than upper but logistics justify
facility in upper basin

Any additional comments

1 Should be designed to meet immediate needs with possibility for expansion
2 Still need Dexter but need to define roles of other facilities
3 FWS should define roles of facilities
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CW C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Reed Harris PHONE NO 801 5244430

AFFILIATION U S Fish and Wildlife Service
MISC COMMENTS YIN Y

DATE 9 1990 TIME 1200

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

Suggested the compendium of existing knowledge on Colorado River native tishes We
already have it and are using it

2 Do you have any progress reports grey literature or personal information that may be of
value to us

None that is not in our referenCe list

3 Have you personally worked with the culture of these tish CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEous COMMENTS

What is your opinion regarding the role of this facility

He is strongly opposed to a hatchery facility for production of Colorado squawfish and
humpback chub though he recognizes it was strongly pushed by Colorado Razorback and
bonytail need immediate attention and some sort of propagation

What is your opinion of the location

Vernal is a better site for a razorback facility For Colorado squawfish not the Yampa River
site but near Grand Junction or maybe near the San Juan or Dolores where reintroduction
may be necessary

Any additional comments

1 We can raise these fish anywhere culture requirements are known Other elements
prevent success of propagation exotics eat up all raised fish etc Spawning not a problem
getting YOY to recruit is the problem do they get eaten

2 Pond culture near a river system near the stocking area is good Minimizes concern over
genetics impurity transport stress and water quality If concern over genetics is high put a
small facility on each river system

3 Would rather see time spent on habitat issues instead of hatchery production for Colorado
squawfish Bonytail and Razorback need hatchery attention though
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C W CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dean Hendrickson PHONE NO 512471 9774

AFFILIATION Univ of Texas Texas Memorial Museum
MISC COMMENTS YIN N

DATE 1005 90 TIME 2 15

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

All data and literature is at Arizona Fish and Game Department in dBASE files No one
there is very familiar with how to get it out

2 Do you have any progress reports grey literature or personal information that may be of
value to us

He has a chapter that he co authored with Jim Brooks that will be coming out in Mincldeyand Deacon s book He will have a report done soon on all the work with reintroduction
done by AZFG Some progress reports exist but only cover bare bones of what was done

3 Have you personally worked with the culture of these fish CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W CB HATCHERY FEASmILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Theophilus Inslee PHONE NO 405836 7150

AFFILIATION
MISe COMMENTS YIN Y

DATE 1005 90 TIME 11 45

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

Throwaway two thirds of our literature it is not pertinent

He has unpublished 1983 manuscript Spawning Razorback Suckers and Colorado SquawfishHe will send us a copy Also He performed all work for Paul Marsh s paper on hybridizationbetween bonytail and humpback chub

2 0 you have any progress reports grey literature or personal information that may be of
value to us

He feels that he could be of great benefit as a consultant to the design construction and
operation of this facility He would like to receive SSO OOHr for his knowledge He can helpwith rearing and cost estimation

3 Have you personally worked with the culture of these fish CS HB BT RZ

Yes Humpback chub similar to bonytail in artificial spawning technique Bonytail fecundityhigher than humpback The bonytails taken originally from Lake Mohave 2 females and 3
males were over 30 years old Handling stress killed them

4 Are there any researchers that you feel we should contact in addition to those on our list

No
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C W C B HATCHERY FEASIBILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCEllANEOUS COMMENTS

What is your opinion regarding the role of this facility

Doesn t need to be as fancy as we may be thinking Just go with old style warm water
hatchery design but improve holding and spawning and hatching facilities Need bigger and
deeper tanks for holding humpback chub minimum three feet in depth Other raceways need
to be at least 6 ft x 80 ft and 2 or 3 ft in depth

What is your opinion of the location

Any additional comments

Could hold humpback inject and spawn all in ponds

His faility in Oklahoma is the only warm water hatchery that has run a closed water systemfor three years with no serious disease or loss problems They have a hydroponic biofilter
greenhouse to remove nutrients from water They are using a unique treatment procedurefor controlling fungi on channel catfish eggs that is quite successful They specialize in the

difficult to propagate species like largemouth bass tlathead catfish and grass carp
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C W C B HATCHERY FEASffiILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Eddie Kochman PHONE NO 303 297 1192

AFFILIATION Colorado Division of Wildlife
MISC COMMENTS YIN Y

DATE 02 1491 TIME 3 00

CALLER S NAME Rich Valdez

QUESTIONS

1 Is additionalliter3ture available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No grey or other literature noted

3 Have you personally worked with the culture of these fish CS HB BT RZ

Has not personally worked with CS HB BT or RZ culture

4 Are there any researchers that you feel we should contact in addition to those on our list

Keep in contact with Larry Harris CDOW Propagation specialist
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CW C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

No opinion offered

What is your opinion of the location

Refer to Clee Sealing Grand Junction Larry Harris Ft Collins and Bob Caskey Grand
Junction

Any additional comments

The BellevueWatson facility is planning on developing brood stock for Colorado squawflSh
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C W C B HATCHERY FEASmILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr Douglas Markle PHONE NO 503 7374531

AFFlLlATION Department of Fish and Wildlife Unit at Oregon State University
MISC COMMENTS YIN N

DATE 09 21 90 TIlffi

CALLER S NAME FlShPro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No reports available yet has some projects underway with electrophoretic analyses and field
work

3 Have you personally worked with the culture of these fISh CS HB BT RZ

Dr Markle has not worked with culture of these fish but has done some endangered specieswork and is interested in genetic issues Worked with Klammath Lake Sucker species Had
some problems rearing suckers intensively He cautions that hybridization may be happeningwith cultured fish Suggests Electrophoretic analysis as a tool for monitoring this DNA
sequencing is too expensive

4 Are there any researchers that you feel we should contact in addition to those on our list

Minckley at Arizona Game and FISh Department is a good contact as well as Larry Dunsmoor
with the Klammath Indian Tnbe in Chiloquin OR Also Gary Scoppettone with USFWS in
Reno and Jeff Ziller with Oregon Department of Fish and Wildlife in Eugene
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C W CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Paul Marsh PHONE NO 602 965 2977

AFFILIATION Arizona State University
MISC COMMENTS YIN N

DATE TIME

CALLER S NAME Paul Marsh unavailable having corrective surgery

QUESTIONS

1 Is additional literature available

2 Do you have any progress reports grey literature or personal information that may be ofvalue to us

3 Have you personally worked with the culture of these fISh CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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NAME Chuck McAda

C WcB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

PHONE NO 303 245 9319

AFFILIATION U S Fish and Wildlife Service
MISC COMMENTS YIN Y

DATE October 11 1990 TIME 1235

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

Doug Omundson is summarizing raw data on razorback coJlecting looking at where people
are finding ripe razorbacks Razorback Report out soon

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Yes will send information descnbed in 3 below

3 Have you personally worked with the culture of these fish CS HB BT RZ

1 Took wild CS in spring held in ponds until time of maturity injected with hormones
2 Unsuccessful because

a wild fish not used to handling
b males ripen up with injections
c females didn t ovulate
d same techniques as Dexter
e small number of fish 7 total

3 Possible problem is fISh were caught too far in advance need to catch ripe fish ie
razorbacks in Green River CS in Yampa River

4 Small pond with fathead minnows
5 Tried to also hold wild fish in small circular tanks also unsuccessful from stress and

handling fish didn t feed

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

1 For Green River sub basin premature to talk about stocking
2 For Colorado sub basin need stocking of CS RZ right now BT also but HB
3 CS not doing well in Colorado sub basin okay in Green River problem is water

development

What i your opinion of the location

1

2

3

In the basin

Possibly Grand Junction
One only

Any additional comments

1 A lot of things we don t know about fish
2 We don t want to go into indiscriminate stocking
3 Possible gains from supplementing populations with hatchery fish
4 We can t take water and replace it with hatchery fISh
5 Genetics is a major concern use some fish genetics probably no difference anyway6 Facility should be more experimental with some production aspects7 We need to save habitat as well as species
8 Don t like idea of production hatchery to solve problem not a solution to our

problem
9 May not need a formal structure
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr W 1 Minckley PHONE NO 602 965 3571

or 9656518

AFFILIATION Arizona State University
MISe COMMENTS YIN Y

DATE October 11 1990 TIME 11 23

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

Yes but it is in University and agency files ASU AGF and has not been analyzed Dean
Hendrickson collected a lot of data and Paul Marsh on growth rates etc but much is not
available in open literatUre

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Most of it is with Paul Marsh contact him NOTE Paul Marsh had surgery recently and
is unavailable

3 Have you personally worked with the culture of these fish CS HB BT RZ

Yes through Paul Marsh and Dean Hendrickson

4 Are there any researchers that you feel we should contact in addition to those on our list

1 Dean Hendrickson On List
2 Paul MarSh On List
3 Francisco Abarca On List
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CW C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCEllANEOUS COMMENTS

What is your opinion regarding the role of this facility

1 There is a need for another facility besides Dexter
2 The technology to raise these fish is developed already
3 We can raise many millions of fish today in 3 years time gIven the properconditions climate etc

4 We need to understand genetics first before releasing large numbers of fISh especiallyin the upper basin
5 Need a second refugia

What is your opinion of the location

1

2

3

Should be where climate is warm remote away from pesticides etc
A lot of remote refuge land in lower basin
Dexter should be a tech center a second facility is needed for back up refugia i eall bonytails at Dexter are now in one pond

Any additional comments

1 Hatchery facility needs to look at more than just 4 endangered fish needs to look
at all natives

2 Needs versatility to deal with species living streams circular tanks etc
3 The fish can be recovered today their survival made secure with administrative

backing There is currently a conflict
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INJERVIEW

NAME Bob Muth PHONE NO 303491 1848

AFFILIATION Colorado State Univ Larval FISh Lab
MISC COMMENTS YIN Y

DATE 9 2690 TIME 9 50

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

He has sent additional literature

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3 Have you personally worked with the culture of these fISh CS HB BT RZ

Yes

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffiILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

He feels the role of this facility should be research until we know more about these fIShes
ecology Feels there is no way to avoid hatchery production and population augmentationof bonytail but not sure about razorback and squawfish

What is your opinion of the location

None

Any additional comments

Morphology and physiology of early stages of these native endangered fishes needs to be
addressed Neuromast development studies should be included in research topics
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Wayne Parker PHONE NO 619 359 0204

AFFILIATION Imperial Valley State Warm Water Fish Hatchery
MISC COMMENTS YIN Y

DATE 1005 90 TIME 4 45

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Internal report for 1988 can be obtained from Mike Guisti

Have you personally worked with the culture of these fISh CS HB BT RZ

Yes Did not mean to close native fish culture section of Niland catfish hatchery but white
pelicans and double crested cormorants have become so numerous that predation threatens
to wipe out all fish there In 15 week 15 cormorants ate 1 500 bonytails 8 10 inches in
length Bonytail of age 1 1988 hatch have grown up to 1 pound average was smaller
Many males were found to be sexually mature also some females Water temperatures
average 95 9TF but peak at 1TF Ice had to be added 150 lbs per week during peak
summer temperatures Razorback suckers from dexter were reared in ponds 5 ft deep which
buffered temperatures At stocking they were 0 5 1 pound Some were mature

4 Are there any researchers that you feel we should contact in addition to those on our list

Mike Guisti in coastal marshes division at Long Beach Glen Black and Kim Nichol
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C W CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEous COMMENTS

What is your opinion regarding the role of this facility

What is your opinion of the location

Any additional comments

Have complete production records for native fish at their facility Treated bonytail with 0 75
ppm Dronsit in a 4 ft x 2 ft round tank for 5 days obtained 100 eradication of asian tapeworms Found that if they seined fish out of ponds directly into transport trucks gills cloggedwith silt and fish died Better success placing fish into an intermediate tank with antibiotic
and a surface agitator Could tolerate high densities
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eWcB HATCHERY FEASmILITY STIlDY
RECORD OF TELEPHONE INTERVIEW

NAME Randy Radant PHONE NO 801 5384760

AFFILIATION Utah Division of Wildlife Resources Non Game Division
MISe COMMENTS YN N

DATE 12 1090 TIME 130

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

Doesn t seem to be any additional literature we have not included

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No progress reports or grey literatUre

3 Have you personally worked with the culture of these fish CS HB BT RZ J

No

4 Are there any researchers that you feel we should contact in addition to those on our list

No
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C WcB HATCHERY FEASiBlllTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Greg Raisenen PHONE NO 602634 4805

AFFILIATION Page Springs State FISh Hatchery Arizona Game and FISh DepartmentMISe COMMENTS YN Y

DATE 02 21 91 TIME 1000

CALLERS NAME Penny Trinca

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Greg and Roger have sent their project reports to us already He knows of no other useful
grey literature

3 Have you personally worked with the culture of these fish CS HB BT RZ

Page SpringsBubbling Ponds have worked with Colorado squawfish and razorbacks they will
be getting humpback chubs within three months to do temperature tolerance studies

4 Are there any researchers that you feel we should contact in addition to those on our list

No other researchers noted
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

Greg feels that a decision needs to be made as to the function of this facility

What is your opinion of the location

Any additional comments
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C CB HAT Y ffinnYSTIIDY
RECORD OF TELEPHONE INTERVIEW

NAME Alan Ruger PHONE NO 503 230 5365

AFFILIATION B PA Willamette Hatchery
MISC COMMENTS YN 09 21 90

DATE TIME N

CALLER S NAME FISh Pro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3

Only progress reports are those from Pyramid Lake Tnbe

Have you personally worked with the culture of these fish CS HB BT RZ

Has worked with Pyramid Lake species including Cui Cui till 1985 and Walleye

Alan feels there are some problems with locating a new facility in Colorado Acid mine waste
in the Colorado region is a problem HzS041eaches heavy metals into water sources Disaster
on Eastern side of divide Be aware So many mines into the hills cannot correct the
problem Also Alan recommends NOT using a recycledrecirculating water system for
warmwater fish culture

4 Are there any researchers that you feel we should contact in addition to those on our list

Beverly Houten was the hatchery manager at Pyramid Lake Hatchery for at least 10 years
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C W CB HATCHERY FEASffiILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Mr Roger Sorenson PHONE NO 602 942 3000

AFFILIATION Arizona Game and FISh Department
MISC COMMENTS YIN N

DATE 09 25 90 TIME

CALLERS NAME FlShPro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

3

Roger will send copies of AGFD annual reports

Have you personally worked with the culture of these fish CS HB BT RZ

Roger Sorenson and Greg Raisenen have worked with CS HB BT and RZ Less work has
been done with bonytail than the other species by AGFD All species like 650f temperaturesand spawn 1 week earlier than the fish held at Dexter due to warmer temperatures AGFD
is conducting photoperiod work

Roger believes all four species are best suited to static pond culture The AGFD brood maylive 3050 years They like to hang on the surface bird predation may be a problem and are

easy to handle seem dumb FISh are held in earthen ponds with fathead minnows but seem
to prefer trout chow Silveray s When Bubbling Pond FISh Hatchery is renovated pondswill be lined to reduce macrophytes and leakage An air injection system will be installed
in D shaped ponds to simulate constant flow conditions

Razorbacks prefer low densities Le5 000 l00lb fingerling in a 0 7 surface acre pond When
stocked at 50 000 l00lb fish per 0 7 surface acre Razorbacks yielded more uniform growthAll species tended to yield a scattered growth response ranging from 616 inches in lengthRoger recommends razorbacks as a forage and bait fish highly susceptible to predators for
their ease of handling

AGFD will receive 30 humpback chubs this fall to do temperature tolerance tests in
conjunction with the University

Roger feel that Bubbling Pond with its new renovation and Niland FISh Hatchery in
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California if its bird predation problem were solved are the two best facilities for rearing
native Colorado River fishes west of the Rocky Mountains

Are there any researchers that you feel we should contact in addition to those on our list

Should contact Wayne Porter 619 3480204 and Greg Raisenen 602634 4805
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CW C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Oee Sealing PHONE NO 303 2487175

AFFILIATION Colorado Division of Wildlife
MISC COMMENTS YN Y

DATE 02 1490 TIME 2 00

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

a Lower Basin literature there should be a large quantity of information from releases
of RZ and CS in Lower Basin

b It seems that BIOWEST has covered all sources

c I didn t realize there was that much literature

2 Do you have any progress reports grey literature or personal information that may be of
value to us

2 None that are not presently included

3 Have you personally worked with the culture of these fish CS HB BT RZ

3 Not directly

4 Are there any researchers that you feel we should contact in addition to those on our list

4 Looks like all are included in the contact list
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CWcB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

No opinion noted

What is your opinion of the location

a Concerned that CDOW was not initially involved in the site selection Felt that the
site should be in nonhwest region of Colorado
Should consider
1 Horsethief Property pumped water from river
2 Site above Roller Dam 4 miles West of Parachute
3 Site at Debeque Carter Elliott Pond SOLD
4 United Sand and Gravel large gravel pits near river
S Abandoned water treatment facility near Craig geothermal water
6 WWWA Railhead Park
Issue was confused because CDOW is looking for ponds in Grand Junction area for
brood ponds
Consider pumping water from river flood plain CDOW is in a position to mitigate
water rights needed to offset pumping of river related water

b

c

d

Any additional comments

B 39



eW CB HATCHERY FEASffilUTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Bruce Taubert PHONE NO 602 942 3000

AFFILIATION Arizona Game and FISh Department
MISe COMMENTS YN N

DATE 09 21 90 TIME

CALLER S NAME FJShPro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Suggested Paul Marsh s temperature work and Minckley s water Quality data for species in
Colorado

3 Have you personally worked with the culture of these fish CS HB BT RZ

Bruce has not been involved with these species for many years

4 Are there any researchers that you feel we should contact in addition to those on our list

Suggested Roger Sorenson be contacted regarding hatchery methods

B40



C W C B HATCHERY FEASffiILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Don Toney PHONE NO 801 7890351

AFFILIATION U S FISh and Wildlife Service
MISC COMMENTS YN Y

DATE 9 2690 TIME 11 00

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

No only papers he knows of we have listed

2 Do you have any progress reports grey literature or personal infonnation that may be of
value to us

No

3 Have you personally worked with the culture of these fish CS HB BT RZ

Yes

4 Are there any researchers that you feel we should contact in addition to those on our list

None we don t have
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C W C B HATCHERY FEASmlll1Y STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

He feels we should be studying warm water hatchery facilities in Texas and South East Verysimilar to bass culture

What is your opinion of the location

Any additional comments
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cWcB HATCHERY FEASffillJTY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr Harold Tyus PHONE NO 7890354

AFFILIATION U S FISh and Wildlife Service
MISC COMMENTS YIN N

DATE October 16 1990 TIME 9 00 am

CALLER S NAME Richard Valdez

QUESTIONS

1 Is additional literature available

1 Two papers are available one in press in PFC and one still writing Explain use
of Biokyowa Ziegler B 1 Murray s Silvercup double vitamin pack2 Primarily with razorback from past Bonneville Chapter

3 Also continuation of RZ work

2 Do you have any progress reports grey literature or personal information that may be of
value to us

All in reports will be sent

3 Have you personally worked with the culture of these fish CS HB BT RZ

1 Yes currently intensively culturing RZ to develop brood stock with specific genetictracing to given females and males
2 Also holding CS
3 Plan to obtain and hold HB from Yampa River

4 Are there any researchers that you feel we should contact in addition to those on our list

None besides the list
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C W CB HATCHERY FEASIBILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Linda Ulmer PHONE NO 303 945 2521

AFFILIATION U S Forest Service Glenwood Springs
MISC COMMENTS YIN N

DATE 9 2690 TIME 255

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

2 Do you have any progress reports grey literature or personal information that may be of
value to us

She had lots of unpublished reports that Mike Guisti should have now There is a California
Razorback Management Plan

3 Have you personally worked with the culture of these fish CS HB BT RZ

Bonytail When water temperatures got to 83 850F lots of spinal deformities were noted
Had to ice pools each week

RZ Electrofishing was very hard on these fish when temperatures were high so used mostlynets to collect from Senator Wash Reservoir and lower Colorado River

4 Are there any researchers that you feel we should contact in addition to those on our list

Kim Nichol Glen Black Mike Giusti and Jim St Amant
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C W C B HATCHERY FEASffilLITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Joe Valentine PHONE NO 801 5384700

AFFILIATION Utah Division of Wildlife
MISe COMMENTS YIN N

DATE 1005 90 TIME 9 45

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

He said we did a pretty good job of compiling the literature that he knows about

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Have you personally worked with the culture of these fish CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list
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C W C B HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr C David Vanicek PHONE NO 916 2486569

AFFILIATION Sacramento State University
MISC COMMENTS YIN N

DATE 1010 90 TIME 1230

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

None that he is aware of

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No

3 Have you personally worked with the culture of these fISh CS HB BT RZ

4 Are there any researchers that you feel we should contact in addition to those on our list

Royal Suttkas at Tulane University Department of Biology
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CW CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Dr Gary Vinyard PHONE NO 702 7846793

AFFlllATION University of Nevada Reno
MISC COMMENTS YN N

DATE 09 21 90 TIME

CALLER S NAME FISh Pro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Has worked with Desert dace and Spring fish

Have you personally worked with the culture of these fish CS HB BT RZ

Dr Vinyard knows of no new techniques for fish culture but recommends the hatcheryenvironment be kept as undisturbed and productive as possible Small scale production is
favored

4 Are there any researchers that you feel we should contact in addition to those on our list

Suggests calling Pyramid Tdbe Hatchery

Also Dr Peter Brossard genetics of Cui Cui hybridization with Taho suckers 702 7846188
he has some information prepared on population genetics and Kendall Warm Springs dace
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C W CB HATCHERY FEASffiILITY STUDY
RECORD OF TELEPHONE INTERVIEW

NAME Neal Ward PHONE NO 303872 3170

AFFlLIATION Hotchkiss National Fish Hatchery
MISC COMMENTS YIN Y

DATE 101090 TIME 3 45

CALLER S NAME Penny Trinca

QUESTIONS

1 Is additional literature available

No additionalUterature that he can think of

2 Do you have any progress reports grey literature or personal information that may be of
value to us

Has one report that he can t locate Holt Williamson or Lee Mills may have it It penains
to 50 000 larval Colorado squawfish that they held in shallow ponds in the Chapita Unit that
was wiped out by a land slide in 1981 They rescued 3 100 1 2 inch fish These were sent to
maybe can t remember Dexter NFH and about 20 to an aquarium at the Regional Office

Water in the ponds averaged 70 SOOF in the ponds and growth was good

3 Have you personally worked with the culture of these fish CS HB BT RZ J

They also had 800 humpback chubs from Dexter of which 200 survived the land slide These
were preserved and sent to Fort Collins Colorado squawfish were observed to form a loose
school in the ponds and when water temperatures decreased in winter they all moved to the
bottom Humpback chub displayed similar behavior

They also held several large adult Colorado squawtish and humpback chubs and roundtail
chubs for Burdick s PIT tagging experiments These fish were held at 13 30C for about a
year They showed no growth and developed ICH In the learning process remove ich theytried salt formalin some other treatments and malachite green The malachite green was
totally successful purchased already mixed from pet store They also tried brushing Ich off
of fish this worked for squawfish but killed the chubs These fish that wouldn t feed on trout
chow or on live fish were fed gammarus that was seined from cladophora beds They didn t
grow but didn t die either

4 Are there any researchers that you feel we should contact in addition to those on our list

Twelve squawfish 4 inch were sent to Rene Schmidt Genetic Analysis P O Box 598
Smithfield TX 78957 512 237 2403 for non lethal genetic analysis this year They ship fish
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in milk dispenser bags and will send usa bag and the shipping procedures they use
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C W C B HATCHERY FEASffiILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

MISCELLANEOUS COMMENTS

What is your opinion regarding the role of this facility

He feels that this needs to start out as a small facility with the ability for expansion at a later
date He favors an Ouray type set up with a few ponds and some culture equipment and
permanent staff members He doesn t recommend attaching this activity onto an existing site
it will be short changed His main concern is that we need to locate or generate a foragebase to sustain large piscivorous fish in a refuge type system Seining up fatheads or other
wild fish will create too many disease and parasite problems He feels trout would be an
exceUent clean dependable forage base

What is your opinion of the location

Harold Ross has a warm artesian well 3 miles from Hotchkiss near Paonia He and Holt
WitliamllOn are checking to see if he will sell iL Silver Springs facility has extensive ponds and
might be able to warm water up to adequate temperatures or maybe there is an orchard near
Grand Junction with warm artesian water

Any additional comments

Transportation of fish of any size is not a problem We should prioritize on locating a goodwater source not on proximity to river system
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NAME Bob White

C W C B HATCHERY FEASmILlTY STUDY
RECORD OF TELEPHONE INTERVIEW

PHONE NO 4069943491

AFFILIATION Montana USFWS Cooperative FISh Research Unit Bozeman
MISC COMMENTS YN 09 21 90

DATE TIME N

CALLER S NAME FISh Pro

QUESTIONS

1 Is additionafliterature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of
value to us

No additional grey literature noted

Have you personally worked with the culture of these fish CS HB BT RZ

Bob worked with Northern squawfish Bob was involved in writing the proposal but the
project got going and finished after he left Ted Bjorn will have information

4 Are there any researchers that you feel we should contact in addition to those on our list

No other contacts noted
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NAME Jeff Ziller

CW CB HATCHERY FEASmlllTY STUDY

RECORD OF TELEPHONE INTERVIEW

PHONE NO 503 7263515

AFFILIATION Oregon Department of FISh and Wildlife Springfield
MISe COMMENTS YIN 09 21 90

DATE TIME N

CAUERS NAME FISh Pro

QUESTIONS

1 Is additional literature available

No additional literature noted

2 Do you have any progress reports grey literature or personal information that may be of

value to us1

Gary Scoppettone or Mark Coleman have progress reports from 1987 1988 and Lany
Dunsmoor may have written a progress report to the ODFW research office in 1989

3 Have you personally worked with the culture of these fish CS HB BT RZ

Working with four species of suckers in Klamath Lake Larry Dunsmoor and the tribal staff
have a hatchery

USFWS money Klamath Tnbe
ODFW money Research program

Gary Scoppettone Reno UNR is rearing fair numbeIS of Shortnose suckeIS Chasmistes
brevirostris Lost River suckers Catostomus Oeltistes luxatus and Igamath largescale sucker
Catostomus snvderi in a research and production facility

4 Are there any researchers that you feel we should contact in addition to those on our list

Should contact AI McGee of OOFW in Corvallis 503 7374431
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C W C B HATCHERY FEASmILITY STUDY

SITE VISIT

DEXTER NATIONAL FlSH HATCHERY



CWCB HATCHERY FEASmlLITY STUDY

Site Visit Dexter National FISh Hatchery

DATE September 12 13 1990

Rich Valdez Bill Masslich BioWest
Bill Wemmert URS Sue Uppendahl CWCB
Ken Ferjancic FlShPro Holt Williamson USFWS

PARTICIPANTS

OBJECTIVE View culture facilities and discuss culture techniques with Hatchery Manager
Buddy Jensen

INTRODUcnON

Dexter National Fish Hatchery NFH is administered by the U S Fish and Wildlife Service

It located in southeastern New Mexico about 5 miles southeast of Roswell The facility was built in

1931 as a warm water hatchery for raising largemouth bass and channel catfish for stocking in Federal

and state waters throughout the Southwest In 1974 its mission was changed to house and culture

the endangered fishes of the Southwest

In 1979 and 1980 Dexter NFH also assumed the role as tbe primary propagation facility for

the Colorado River endangered fish when brood stocks of these species were transferred from Willow

Beach NFH in Arizona Culture techniques were initiated at Willow Beach NFH and work was

continued and refined at Dexter NFH The facility presently houses all four species of endangered
Colorado River fishes including Colorado squawflSh Ptvchocheilus lucius humpback chub Gila

bonytail chub Gila elesrans and razorback sucker Xvrauchen texanus

CULTURE METHODS

Successful hatchery culture of the four endangered Colorado River fishes has involved much

experimentation and trial and error Personnel at Dexter NFH particularly Buddy Jensen Hatchery

Manager Roger Hamman and Don Hales possess some of the best available expertise on hatchery
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culture of these species Details on the methods used at Dexter NFH are presented in Section 3 1

of this Task 1 report

Brood stock of all four species are presently being held at Dexter NFH although only

Colorado squawfish bonytail chub and razorback sucker are propagated annually to meet demand

for releases to the wild and for research purposes Humpback chub have not been propagated

recently at Dexter Brood stock of Colorado squawtish includes about 160 adults from the 1974 year

class and about 200 from the 1981 year class The razorback sucker brood stock includes about 500

adults from tour separate year classes and the bonytail chub brood stock includes about 500 adults

from one year class progeny of Lake Mohave fISh

Eggs of Colorado squawflSh bonytail chub and razorback sucker are procured in spring and

early summer Gonadal maturation occurs earliest in razorback suckers usually between February
25 and March 10 Maturation of bonytail chub occurs in early to mid May while maturation of

Colorado squawtish occurs in late May and early June The females of all three species are usually

injected with hormones to induce ovulation Colorado squawtish and bonytail chub with acetonedried

carp pituitary and razorback suckers with human chorionic gonadotropin

The eggs are held indoors in Heath Trays and McDonald Jars at about 20oC Dexter NFH

has a capacity of about 88 million eggs of these endangered species Hatching of Colorado

squawfish bonytail chub and razorback sucker usually occurs in 96 144 hours 99 174 hours and

96 144 hours respectively The eggs are very adhesive particularly before water hardening and

require constant agitation or stirring with a feather The fry are held for 3 4 days in concrete

troughs at which time the mouth is developed and the yolk sac absorbed The fry are then

transferred to specially prepared outdoor earthen ponds about one surface acre in size These ponds
are fertilized to provide the young fish with a natural food source of zooplankton although the diet

is supplemented with commercial fISh food
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PREPARATION OF EARTIIEN PONDS

A detailed description of the preparation of the earthen ponds at Dexter NFH is presented

in Section 3 14 of this Task 1 Report Earthen pond culture has been practiced for many years with

a variety of warm water species This concept of extensive fISh culture has been successfully adapted

for culturing the Colorado River endangered fish at the Dexter NFH Successfully rearing fish in

earthen ponds depends on establishing a viable complement of zooplankton as a food source

combined with supplemental feeding FISh are kept in a given pond on a 4 6 week rearing cycle

and then transferred to another pond This is the period of time in which zooplankton populations

peak Since the ponds are unlined it is also the period of time in which growth of the aquatic plant

Chara sp becomes excessive and interferes with water circulation dissolved oxygen levels and access

to the fish

Dexter NFH has 47 earthen ponds that vaxy in size from 0 143 to 1082 surface acres All are

rectangular in shape ranging from 85 to 410 feet in length and 31 to 182 feet in width The average

depth of most of the ponds is 6 feet and each is filled with 3 4 feet of water None of the ponds

are lined and hatchery personnel report loss of water through seepage and problems with the aquatic

plant Chara sp

WATER SOURCE AND DISPOSAL

Water for Dexter NFH is pumped from three wells that are 100 110 feet deep and produce

about 1800 gallons per minute The water is 640F and has a high IDS level and a nitrogen saturation

of up to 110 Since the water source is from wells there is no disease problem common to surface

water sources

The Dexter water system is essentially a closed system Waste water is piped to two

depressions south of the hatchery where the water infiltrates and evaporates Because of this disposal
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system no water leaves the station and therefore there is no problem with fish escapement or

disease and no need for discharge permits
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C W C B HATCHERY FEASmILIIY STUDY

SITE VISIT

LOGAN EXPERIlIENTAL FISH HATCHERY



CWCB HATCHERY FEASmILl1Y STUDY

Site Visit Logan Experimental FISh Hatchery

DATE October 12 1990

PARTICIPANTS Rich Valdez BIOWEST

OBJECI1VE Discuss aspects of endangered fish culture with Propagation Specialist with
Utah Division of Wildlife Resources Dr Ron Goede

INTRODucnON

The Logan Experimental FISh Hatchery is located in northern Utah near the city of Logan

The facility has in the past held Colorado squawfish humpback chub and bonytail chub Hatchery

Manager Ron Goede has extensive experience with the culture of numerous fish species and isa

disease specialist for UDWR known throughout the U S for his advancements in fISh health disease

recognition and control and methods of evaluating fish condition

The following are issues expressed by Dr Goede relative to a facility for Colorado River

endangered fish

1 Fish Escapement FISh escapement is a concern for any hatchery facility Most states

have instituted measures to prevent the accidental escape of exotic species into drainages If a

hatchery for Colorado River endangered fish is built in a basin outside of the Colorado River

provisions will have to be made to prevent escapement of these or other species into the wild

2 Disease Control Quarantine facilities ace a must for any hatchery facility today

particularly one dealing with endangered species where an epizootic can eliminate a particular brood

stock Quarantine facilities are necessary any time wild fish are brought into the facility It will be

necessary to hold fish through a few days to allow pathogens to m fest themselves or it may be

necessary to hold fish through an entire reproductive cycle if reproductive diseases are suspected
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Temperature control increased levels can speed up the cycle of some pathogens but it could stress

the fISh

3 Genetic Diversitv It is important to preserve genetic diversity in any species It is easy

to allow genetic drift to take over particularly with species such as Colorado squawflSh and razorback

suckers with fecundities of 50 000100 000 eggs It is possible for most of the viable eggs to originate
from a single female and to allow this to become the source brood stock This leads to reduced

genetic diversity

4 Define Role The role of any facility needs to be defined relative to other existing
facilities The role of this endangered species facility would need to be defined and the inter

relationships with other facilities Ouray Dexter Bubbling Pond Page Springs etc described

5 Research Laboratorv Depending on the function and role of the facility a research

laboratory may be necessary Analyses such as electrophoresis cytogenetics mitochondrial DNA

analysis require expensive equipment that needs ongoing maintenance and operation by well trained

personnel These analyses can be farmed out But a laboratory should be available to do basic

water quality and fish health analyses

6 Feeds Many commercial feeds are available that could be well suited for the endangered
fish The first month or so is the most critical in providing proper dietary needs On going research

at the EEFH at Ouray and the FRH at Bellevue will help to provide answers Microencapsulation
has helped much in solving dietary problems for fish With many species e g striped bass it is better

to feed very young fish swim up fry plankton such as copepods cladocerans etc for which

commercial sources are available It is possible to provide a rich medium for young fish indoors

under intensive culture conditions since the fry need nutrient rich diets early in their life and may

absorb nutrients directly through the body This indoor culture could require a lot of labor to

maintain
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7 Muss ProductioD The idea of mass production is not a solution to the recovery of any

endangered species
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C W C B HATCHERY FEASmllJIY STUDY

SITE VISIT

UTAH COOPERATIVE FISHERY RESEARCH UNIT USU



CWCB HATCHERY FEASIBILITY STUDY

Site Visit Utah Cooperative Fishery Research Unit USU

DATE October 12 1990

PARTICIPANTS Rich Valdez BIOWEST

OBJECTIVE Discuss aspects of endangered fish culture with FIShery Unit Leader Dr Tim
Modde

INTRODUCI10N

The Utah Cooperative Fishery Research Unit at Utah State University USU in Logan has

held Colorado squawfish and bonytail chub for experimental purposes for several years USU W T

Helm and the U S Fish and Wildlife Service H Tyus worked jointly on a study to determine the

retention rates of surgically implanted radio tags The fish were held at the mouth of Logan Canyon
in USU s Water Resources Laboratory The Unit is not currently holding Colorado River

endangered fish except for small numbers Colorado squawflSh and bonytail chub in aquaria in the

lobby of the Natural Resources Building on campus

The following are issues expressed by Dr Modde relative to a facility for Colorado River

endangered fish

1 Water OUDlitv Sac fry and swim up fry of Colorado squawflSh were extremely sensitive

to water quality Since USU s water source was chlorinated there was difficulty in dechlorinating the

water sufficiently A dechlorinator of carbon packed filters was used as well as aeration but small

surges in chlorine accounted for some mortality in young fish

2 Diet FISh were fed commercial trout diets They seemed to do well on Silvercup but best

on Biokyowa which is expensive Because of cold water temperature and limited facilities the fish

were pretty much on a maintenance mode There was little growth with particularly Colorado

squawfish The fish were held at 10 to 120C since there was little flexibility for heating water
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3 Surface Water For a short period of time surface water from the Logan River was run

through tanks holding Colorado squawfish A high incidence of pathogens was noted as a result

4 Role of EndaD2ered Fish Hatchery The first priority is recruitment There is potential

for genetic disruption using hatchery stocks Survival rates of domestic hatchery reared fISh may

be lower When we resort to hatchery culture we admit to ourselves that the best we can do is

maintenance of a species It is a last ditch effort We should look at habitat problems first although

these are complicated by the presence of large numbers of exotic species We have no cases of

successful reestablishment of a species where it was extinguished
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C W C B HATCHERY FEASmILIIY STUDY

SITE VISIT

PROPAGATION SPECIALIST
U S FISH AND WILDLIFE SERVICE



ewCB HATCHERY FEASmllI1Y STUDY

Site Visit Propagation Specialist for U S Fish and Wildlife Service

DATE October 4 1990

PARTICIPANTS Rich Valdez and Bill Masslich BIOWEST

OBJECI1VE Discuss aspects of endangered fish culture with Dr Holt Williamson

INTRODUcnON

Dr Williamson is a member of the Technical Advisory Committee for this Hatchery Feasibility

Study Hc provided us with the following information to help us assimilate additionallitcrature and

makc additional contacts

1 Additional Contacts

Pat Nelson USFWS Denver coordinated an assimilation of The Compendium of

Existing Information on the Endangered FIShes of the Upper Colorado River Basin He may have

addilional information or literature Paul Marsh ASU has conducted much of the culture work with

Dean Hendrickson in the lower basin They have worked extensively in releasing Colorado squawfish

bonytail chub and razorback sucker into the wild and evaluating their survival Tun Modde USU
has held Colorado squawfish and bonytail chub and may have insights on diets and culture Ron

Goede UDWR has extensive fish culture experience and is a specialist in diseases and fish health

Larry Harris CDOW is working on dietary needs at BelIvuelWatson near Ft Collins Neal Ward

and Don Toney USFWS know a lot about Colorado Hatchery Sites Most of the sites have already
been surveyed by state and federal agencies

2 Intensive vs Extensive Culture The endangered fish have been raised using various

techniques under intensive and extensive methods The best manner for rearing these fish may be
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a combination of the two methods Intensive culture may cost more but provides greater control of

water conditions feed growth etc Extensive culture may be cheaper but there is less control

3 Pond Culture Problems with water loss and vegetation may be controlled by lining ponds

This needs to be tested and its effects on zooplankton production evaluated

4 Water Source Surface water sources may create problems with disease variable

temperature etc It may be expensive to treat surface water with ozone hot wash chlorine and

biological filters to remove nitrates and nitrites Facilities such as Bubbling Pond are ideal because

of the availability of heated water without a need to treat or pump

5 Functions At least 3 functions are needed refugia culture development and production

There is need for flexibility with small ponds as well as a FISh Health Lab Disease Lab Quarantine

Facility See Pueblo Hatchery
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SITE VISIT
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CWCB HATCHERY FEASIBILIlY STUDY

Site Visit Propagation Specialist for Colorado Division of Wildlife

DATE

PARTICIPANTS

OBJECfIVE

October 4 1990

Rich Valdez and Bill Masslich BIOWEST

Discuss aspects of endangered fISh culture with Mr Larry Harris

INTRODucnON

The Colorado Division of Wildlife recently initiated a research program on the propagation

of the Colorado River endangered fish using extensive culture methods Propagation Specialist for

this effort is Mr Larry Harris of Fort Collins Colorado This research program is being conducted

at two locations a wet lab facility located on the campus of Colorado State University in Fort Collins

and The FISh Research Hatchery at Bellvue which is near Fort Collins Mr Harris works closely with

Mr Tom Mandis Hatchery Manager at Bellwe

Since the FRH at Bellwe is locatti at nearly 6 000 feet elevation with a water source of

5260F 11rC outdoor pond culture is limited to a short time in the summer when ambient

temperatures could warm ponds sufficient for fISh growth However there is a good water supply
and adequate indoor rearing facilities including heater incubation trays rearing troughs etc for

intensive culture

The purpose of this research program is to determine if Colorado squawfish can be

successfully reared under intensive culture techniques The work was initiated in late May 1989 with

a shipment of about 150 000 fertilized eggs 14 hours post fertilization from Dexter NFH The

objective in this first year of study was to determine minimum temperature requirements and

acceptable diets for Colorado squawfish under intensive culture In late May 1990 135 000 fertilized

eggs and 48 000 fry were shipped from Dexter NFH for additional research The purpose for this
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second year of study was to determine which diet enhanced survival and growth rates of Colorado

squawflSh under intensive culture

CULTURE METHODS

Details of the intensive culture methods used by CDOW are provided in Section 3 21 of this

Task 1 Report Fertilized eggs received from Dexter NFH were incubated at the FRH at Bellvue

in Heath Trays in much the same manner as eggs are incubated at Dexter The eggs were incubated

at 70QF in stacked Heath Trays Hatching occurred in 80 96 hours 94 110 hours total incubation

since the eggs were 14 hours old when received Eggs were also incubated at 526QF which is the

temperature of the well water The eggs failed to hatch and disintegrated in 12 days Eggs of

Colorado squawfish were also incubated at the FRH in small 12x12 x2 creened trays suspended

in rectangular troughs 12 feet long The newly hatched fry dropped through the screen into the

rearing trough

Newly hatched fry were placed in small 24x18 x4 plastic pans lined with fine screen 30

meshes to the inch to allow circulation of water These pans were suspended in the 12 foot troughs

These small pans were viewed advantageous because they concentrated the fish for feeding less food

waste facilitated cleaning the trough and facilitated monitoring the fish for diseases growth ete

Similar problems with crowding and clumping by Colorado squawfish swim up fry were

reponed at the FRH as experienced at Dexter NFH The problem was resolved at the FRH by

placing a white masonite base beneath the fry holding pans Personnel at the FRH interpret dispersal

by the fry as a response to the scattering of light caused by the white background Swim up fry were

fed in the small pans for several days or until it wasjudged that they were becoming crowded They

were then released into the larger troughs 12 xL5 xl

Personnel at the FRH have experimented with an electronic fish egg sorter and counter The

Jensorler Jensoner loe 20255 Harvest Lane Bend Oregon 97701 503 389 3591 and report
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favorable results when compared to actual counts This inStrument may increase accuracy of egg and

fry counts for the endangered fish

FEEDING EXPERIMENTS

Experiments with various commercial diets were conducted with Colorado squawflSh at the

FRH at Bellvue and at the wet lab at CSU Test diets included 1 brine shrimp 2 Biokyowa 3

Ziegler s larvae and 4 Rangen s Trout Formula

Preliminary results showed that brine shrimp were not an advantage over the commercial

feeds because they require additional culture efforts to maintain a source of live brine shrimp

Biolyowa B 250 provided the most favorable results They were more aggressive during feeding fed

more readily and therefore grew faster However this formulation was the most expensive of the

diets administered The cost of the feed alone to raise 10 000 Colorado squawfish to 5 inches in

length was 7 000

Ziegler s larvae was not viewed as an advantage and fish fed Rangen s Trout Formula were

not as aggressive and did not feed as well as the fry on Biokyowa Hatchery biologists observed that

the individual granules of Rangen s Trout Formula did not dissolve when ingested and were visible

moving through the gut of the fish suggesting little nutritional value Granules of this formula also

lodged in the gills of the young fish and caused suffocation or fungus infections

A high incidence of scoliosis was noted particularly for fry fed with Rangen s Trout Formula

Thinking that this could be caused by a vitamin C deficiency ascorbic acid was sprayed on the feed

Preliminary results indicate that this treatment did not alleviate the problem and the rate of scoliosis

persisted

Cannibalism was not identified as a problem under intensive culture as long as the fish were

not overcrowded griiaed by size and fed regularly A density greater than 15 pounds of fish per

cubic foot of rearing space resulted in decreased fish growth caused by crowding
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USE OF RETRIEVAL SYSTEM

A computerized data storage and retrieval system was created in dBASE III to

facilitate locating key information in the Librarv of Pertinent Culture fnformation on the

Colorado River Endangered Fish Ashton Tate s dBASE III is used by many of the

agencies working with endangered fish in the Colorado River Basin and is fairly easy to

master TItis data storage and retrieval system can be queried to identify all related

documents or to list keywords associated with specific documents

Each piece of information included in the library was assigned a unique serial

reference number and grouped into one or more of nine topics including Life History
Disease Water Quality Production Culture Techniques Diet Temperature Transponation
and Research All database fields and their descriptions are listed in Table 3 1 A Y for
inclusion into a topic or a for exclusion was entered into each category for each record

entry Similar notation was used to indicate which of the four endangered fish was discussed
in the reference If a species is referred to in the document Y appears in the species code

field Furthermore if a specific age group is referred to a y appears in the species age
field as well For example a document discussing diet of larval humpback chub has a Y

entry in the fields HB HB LAR and DIET A database user can query the retrieval system
and locate this document by its yn entries and access information on the species life stage
keywords and topics discussed A typical query statement might be as follows

LIST ALL KEYWORDS FOR HB Y AND HB LAR Y AND DET Y

TItis statement would list every library reference number and associated keywords
pertaining to the diet of larval humpback chubs
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Table 3 1 Data fields and descriptions for the dBASE III CWCB Hatchery Feasibility
literature data base

Field Name Field Type Description

REFERENCE INFORMATION

Ref Number Character l1brary reference number corresponding to a

unique serial number assigned to the
document

Author Character Primary author

Date Character Date of publication

SPECIES AND LIFE STAGE

HB Character
HB Egg Character
HB Larvae Character
HB Juv Character
HB Adult Character

BT Character
BT Egg Character
BT Larvae Character
BT Juv Character
BT Adult Character

CS Character
CS Egg Character
CS Larvae Character
CS Juv Character
CS Adult Character

RZ Character
RZ Egg Character
RZ Larvae Character
RZ Juv Character
RZ Adult Character

Indicates that information on

the corresponding life stage of humpback chub
is presented in the reference

Indicates that information on

the corresponding life stage of bonytail chub
is presented in the reference

Indicates that information on the

corresponding life stage of Colorado squawfish
is presented in the reference

Indicates that information on the

corresponding life stage of razorback sucker
is presented in the reference
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Table 3 1 Continued

Field Name Field Type Description

UTERATURE TOPICS

Ufe Hist Character Logical expression YESNO indicating
information is presented ort natural life history
that may be pertinent

Disease Character Logical expression indicating information is

presented on disease parasites and

physiological disorders

Production Character Logical expression indicating information is

presented on survivability density and

production limitations

Cultr Tech Character Logical expression indicating information is

presented on culture techniques

Water Qual Character Logical expression indicating information is

presented on heavy metals turbidity
conductivity salinity pH or other water quality
parameters

Transport Character Logical expression indicating information is

presented on transport of fishes to andor from

hatchery

Temp Character Logical expression indicating information is

presented on temperature requirements for any
aspect of propagation culture techniques or

hatchery design

Diet Character Logical expression indicating information is

presented on foods feeding and other topics
related to diet

Research Character Logical expression indicating information is
presented on specialized or unique hatchery
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Table 3 1 Continued

Field Name Field Type Description

research and research techniques for the 4

species

KEYWORDS

Keywords Character List of all key words associated with the
reference
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APPENDIX D

SITE LIST OWNERS

CONTACf NAMES AND ADDRESSES

Revised 5 31 91

1 Glenwood Desalinization Facility

Contact Mr Rob Downey
Energy Ingenuity
9085 Mineral Circle

Suite 350

Englewood CO 80112
303 792 3037 303 792 5603 Fax

2 CC Craig Ranch

Contact

Owner

Mr Jim Ross

Intermountain Real Estate
1620 East Highway 40

Craig CO 81625

303 824 3481

Mr Charles C Craig

3 CO Ute Plant CIRG Site

Contact Doug Tarr

CIRG Craig Industrial Recruitment Group Inc

500 Spruce Drive
P O Box 423

Craig CO 81626
303 824 3263

4 Hayden Power Plant

Contact Raymond Keith

Chief Operating Officer
Colorado Ute Electric Association
P O Box 1149

Montrose CO 81402

303 2494501
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5 Ross Ranch

Contact Jim Ross

Intermountain Real Estate

1620 East Highway 40

Craig CO 81625

303 824 3481

Owner Harold Ross

6 Rifle Falls SFH

Contact Ed Allen
Rifle Falls State Fish Hatchery
11466 Highway 325
Box 2

Rifle CO 81650

303 625 1865

cc Mr Jerry Whitaker

State Hatchery Supervisor
Colorado Division of Wildlife

6060 Broadway
Denver CO 80216

7 Hotchkiss NFH

Contact Don Toney
Hotchkiss National Fish Hatchery
807 3150 Lane

Hotchkiss CO 81419
303 872 3170

8 aines Fish Hatchery

Contact Kenneth Cline

Clines Trout Farms
5555 Valmont Road

Boulder CO 80301
303 442 2817
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9 Putnam Fish Hatchery

Contact Anne Putnam

Rainbow Springs Trout Ranch
1157 Country Road 214

Durango CO 81301

303 247 2939

10 Silver Springs Trout Farm

Contact David Gann

Silver Springs Trout Farm

13221 Marine Road

Montrose CO 81401

303 249 5888

11 McMillan s Trout Farm

Contact

12 Steele Ranch

Contact

Miles and Marge McMillan

McMillan s Trout Farm
P O Box 394

Hotchkiss CO 81419
303 872 3421

Don Steele
P O Box 37

Maybell CO 81640

303 272 3259

13 Cameo Power Plant

Contact Virgil Wetzbarger
Public Service Company of Colorado
P O Box J

Palisade CO 81526

303 464 5681
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14 Water User s Association 1 Property near Kenney Reservoir

Contact Tim Katers

Economic Development Director
Town of Rangley
209 East Main Street

Rangley CO 81648
303 675 8469

15 Crystal Properties Site

Contact Dave Marsh

Mountain Top Farmers

10027 Lane 5 North

Mosca CO 81126
719 378 2000

16 Horsethief Canyon

Contact Clee Sealing
Regional Fisheries Biologist
Colorado Division of Wildlife
711 Independent Avenue

Grand Junction CO 81505

303 248 7175

17 Hereford Haven

Contact Jim Bennett

Aquatic Nongame Program Specialist
Colorado Division of Wildlife
6060 Broadway
Denver CO 80216
303 291 7273

18 Walter Walker State Wildlife Area

Contact Clee Sealing
Regional Fisheries Biologist
Colorado Division of Wildlife
711 Independent Avenue

Grand Junction CO 81505
303 248 7175
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24 John Stroh Trout Farm

Contact John Stroh

Stroh Trout Farm

3256 J Road

Hotchkiss CO 81419
303 872 2133

25 Russell Lake State Wildlife Area

Contact Dave Langlois
Regional Fisheries Biologist
Colorado Division of Wildlife
2300 South Townsend

Montrose CO 81401

303 249 3431

26 Closed Basin Project

Contact Larry Harris

Colorado Division of Wildlife
317 West Prospect
Ft Collins CO 80526

27 Moffet County Fair Grounds Craig CO

Contact Don Birkner

City of Craig
300 West 4th Street

Craig CO 81625

303 824 8151

303 824 6539 fax

28 New Wastewater Treatment Plant Craig CO

Contact Don Birkner

City of Craig
300 West 4th Street

Craig CO 81625

303 824 8151

303 824 6539 fax
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29 Old Wastewater Treatment Plant Craig CO

Contact Don Birkner

City of Craig
300 West 4th Street

Craig CO 81625

303 824 8151

303 824 6539 fax

30 Water Treatment Plant Craig CO

Contact Don Birkner

City of Craig
300 West 4th Street

Craig CO 81625
303 824 8151

303 824 6539 fax

31 Colorado Highway 394 Craig CO

Contact Don Birkner

City of Craig
300 West 4th Street

Craig CO 81625

303 824 8151

303 824 6539 fax

32 Grand Junction Site 1

Contact Mr Greg Trainor

City of Grand Junction
250 N 5th Street
Grand Junction CO 81501 2668
303 244 1509

33 Grand Junction Site 2

Contact Mr Greg Trainor

City of Grand Junction
250 N 5th Street
Grand Junction CO 81501 2668

303 244 1509
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Site Name

APPENDIX E

STATE OF COLORADO

HATCHERY FEASIBILITY STUDY

FOR ENDANGERED FISHES OF THE

UPPER COLORADO RIVER BASIN

SITE DATA COLLECTION SHEET

Data Sheet Prepared By

Name

Address

Telephone

Date

Source 1

Water Source and Water Oualitv Information

Source 2

Groundwater or Surface Water Circle One

Continuous reliable flow rate gpmjcfs Circle One

Average Temperature Winter OCoF Circle One

Average Temperature Summer OCoF Circle One

Total Dissolved Solids mgjl

pH

Lab test results available Y jN Please attach

Water rights please attach status and legal information if available

Groundwater or Surface Water Circle One

Continuous reliable flow rate gpmjcfs Circle One

Average Temperature Winter OCoF Circle One

Average Temperature Summer OCoF Circle One

Total Dissolved Solids mgjl

pH
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Lab test results available Y IN Please attach

Water rights please attach status and legal information if available

Source 3 Groundwater or Surface Water Circle One

Continuous reliable flow rate gpmlcfs Circle One

Average Temperature Winter OCoF Circle One

Average Temperature Summer OCoF Circle One

Total Dissolved Solids mgll

pH

Lab test results available Y IN Please attach

Water rights please attach status and legal information if available

Additional Information please describe

Surface Water Source Name of stream canal lake reservoir type of diversion

Groundwater Source Location of well depth of well

Site Characteristics

Site Map Available Y IN Please Attach

Provide sketch if map is not available Desired information includes

Site layout of existing buildings ponds water features other manmade features

geologic features roads adjacent property

Are plans for existing buildings and facilities available Y IN Please Attach

Property ownership information

Name

Address

Telephone

Property Description Section Township and Range
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Is Property For Sale Y IN For Lease Y IN Comment

Site area acres

General Site Topography Description

Site Access Description

Is Site Within Floodplain YIN

Site Elevation feet

Site Geology

Any Geologic Faults YIN Describe

Any Landslides or Other Geologic Hazards YIN Describe

Climate Exposure Does site receive relatively full sun year round Y IN

Describe

Does property contain any sensitive habitats wetlands protected areas species Y IN

Describe

List and Describe Adjacent Properties

E 3



Utilities

Is potable water service available at site Y IN Service Size

Is sanitary sewer service available at site Y IN Service Size

Is electric power service available at site Y IN Service type and capacity

Is gas service available at site Y IN Service Size

List Utility Suppler s name s and address es

If any or all of the above utilities are not available at the site provide information on

the proximity and possibility of such services

Community Resources

Proximity of site to community resources such as housing schools etc

Nature of available community resources
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SITE DESCRIPTIONS

This section provides brief descriptions of the 16 proposed sites evaluated in the fmal
screening effon The Final Repon includes more detailed description of these sites

1 Glenwood Desalinization Facility near Glenwood Springs CO

This proposed hatchery site is located west of Glenwood Springs in a canyon south of 1 70
The site was proposed in conjunction with a proposed desalinization plant project The
concept is to use the waste heat from the desalinization plant to heat hatchery water The
site is undeveloped The site received a fatal flaw for Water Reliability The hatchery
warm water supply would be contingent on the operation of the desalination plant The site
is also located downstream of a solid waste landfill operation

2 CO Ute PlantlCIRG Site near Craig CO

This proposed hatchery site is located near Craig on private property The site was

proposed as pan of a larger site development project for industries which would use waste
heat from the power plant in this case to heat the hatchery water This site received a fatal
flaw for Water Reliability With current infonnation the hatchery warm water supply
would be contingent on the operation of the power plant There may be the possibility of
geothermal water at the site The area of available land is small

6 Rifle Falls SFH near Rifle CO

This proposed hatchery site is located near Rifle on propeny panially occupied by the
existing Colorado Division of Wildlife Rifle Falls Fish Hatchery The water supply for the
site would be cold surface water Existing cold well water is used by the Rifle Falls
Hatchery

8 Clines Fish Hatchery Monte Vista CO

This proposed hatchery site located within the San Luis Valley is currently the site of an

existing private fish hatchery The existing hatchery has an artisan geothermal well water
supply Acquisition of farm land adjacent to the Clines property would be required for the
site to be feasible The existing hatchery rearing ponds are generally small

9 Putnam Fish Hatchery Durango CO

This proposed hatchery site is currently the site of an existing private fish hatchery The
existing hatchery has a cold water supply from springs The site has a large area of available
land in addition to the area occupied by the hatchery The site has good topographical
relief for reaeration of water The rearing ponds are generally small and grouped on
different terraces across the site
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10 Silver Springs Trout Farm Montrose CO

This proposed hatchery site is currently the site of an existing private fish hatchery The

existing hatchery has a cold water supply from springs The existing hatchery rearing ponds
are medium in size

11 McMillan s Trout Farm Hotchkiss CO

This proposed hatchery site is currently the site of an existing private fish hatchery The

existing hatchery has a cold water supply from springs This spring water is likely mixed
with surface runoff due the configuration of the existing water collection system The site
is situated on a small bench adjacent to the Gunnison River The rearing ponds are small
This site received a fatal flaw for Land AccessibilityjUseability The site is small and is

relatively inaccessible

15 Crystal Properties near Hooper CO

This proposed hatchery site located within the San Luis Valley was formally the site of a

private fish hatchery and a hot pool resort Some remnants of both businesses remain The

property has a warm artisan well water supply Effluent from the hatchery would be to open
ground

16 Horsethief Site near Grand Junction CO

This proposed hatchery site is within a State Wildlife Area This site received a fatal flaw
for Land Area All available land has been used by existing rearing ponds

18 Walter Walker State Wildlife Area Grand Junction CO

This proposed hatchery site is within a State Wildlife Area The site would have a surface
water supply from the Colorado River The site is within the floodplain of the Colorado
River

23 Rangeview Trout Ranch Saguache CO

This proposed hatchery site located within the San Luis Valley is currently the site of an

existing private fish hatchery The existing hatchery has an artisan geothermal well water

supply There may be additional geothermal water available at the site The size of existing
hatchery raceways and rearing ponds range from medium to small
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24 Crystal Springs Hatchery near Hotchkiss CO

This proposed hatchery site is currently the site of an existing private fish hatchery The

existing hatchery has a cold water supply from springs and a surface water supply The
surface water supply is from water canals The hatchery is adjacent to the former USFWS
Chipeta Springs Hatchery which was destroyed by a landslide The existing hatchery rearing
ponds are generally small

25 Russell Lakes SWA Saguache CO

This proposed hatchery site located within the San Luis Valley is within the State Wildlife
Area The property has a warm partially artisan well water supply from a number of small
wells There may be additional geothermal water available at the site The site has
previously been used as a hatchery and currently is being used by the Rangeview Trout
Ranch to raise fish

26 Closed Basin Project near San Luis Lake CO

1bis proposed hatchery site located within the San Luis Valley is on propeny which is part
of the Bureau of Reclamation Closed Basin Project The water supply would be ground
water pumped from the Closed Basin Wells There also may be geothermal water available
at the site Land is available for the proposed hatchery

28 New Wastewater Treatment Plant near Craig CO

This proposed hatchery site is located at the site of the City of Craig new wastewater
treatment plant While the plant site does not have adequate land area there is open land
adjacent to the site The water supply would be surface water from the Yampa River
There also may be geothermal water available at the site

32 Grand Junction Site 1 Summerville Ranch CO

This proposed hatchery site is located southeast of City of Grand Junction The water

supply would be surface water from the City of Grand Junction raw water supply system
There is available land for the proposed hatchery
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GLOSSARY OF TERMS

Augmentation Stock Those fish which are released for the purpose of increasing the

existing fish population

Biomass The pounds of fish which are either maintained or produced at the recovery
facility The capacity of the facility to hold and grow fish is expressed in terms of pounds
of fish or total biomass

BlOodstock Fish of a panicu1ar specie represented by both sexes which are held in

captivity until and during maturity for the distinct purpose of crossbreeding The genetic
history is usually known for these animals and they are usually bred according to strict

protocols designed to maintain a level of genetic diversity in the progeny For the purposes
of this facility refugia and broodstock populations are considered the same

Culture Techniques Different methodologies which are used to hatch and produce fish
For this repon the two categories of culture techniques are intensive culture and extensive
culture

Extensive Culture A culture methodology which emphasizes more natural rearing
conditions for fish that are reared in an artificial environment Under extensive culture
conditions fish are reared at low density in outdoor ponds Rearing is conducted at ambient

temperatures and natural feed items are encouraged to grow in the pond environmf11t This

strategy is employed to alleviate hatchery induced pressures which may work selectively on

the genetic diversity of the fish being cultured This method requires less water and more

land than intensive culture

Intensive Culture A culture methodology designed to achieve maximum productivity for
fish held in anificial culture environments The fish are held at higher densities in tanks or

raceways and fed an artificial diet Rearing temperamres are held at values which are

known to achieve maximum growth rates Water flow rate are high to maintain water

quality by carrying away waste products and excess feed The primary goal of intensive
culture is to achieve maximum fish production levels for a given rearing space while

maintaining healthy stocks of fish

Refugia Individual fish representing genetically distinct stocks of a panicular species held
in captive habitat Usually held in reserve for use as future broodstock and to provide an

environment for protection and survival of declining number of endangered fish in the wild
The purpose is to maintain the genetic diversity of a species by maintaining representative
examples of distinct genetically diverse strains from specific native habitats
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FACILITY DESIGN REQUIREMENT

BIOPROGRAMS

Warm Well Water

A 1

A2

A3

A4

AS

A 6

A7

AB

Page

Intensive Culture Colorado Squawfish
Intensive Culture Razorback Sucker
Intensive Culture Bonytail Chub
Intensive Culture Humpback Chub
Extensive Culture Colorado Squawfish
Extensive Culture Razorback Sucker
Extensive Culture Bonytail Chub
Extensive Culture Humpback Chub

G 1

G 5

G 9

G 13

G 17

G 21

G 25

G 29

Cold Well Water

A9

A 10

A 11

A 12

Surface Water

A 13

A 14

A 15

A 16

Extensive Culture Colorado Squawfish
Extensive Culture Razorback Sucker
Extensive Culture Bonytail Chub
Extensive Culture Humpback Chub

G 33

G 37

G 41

G 45

Extensive Culture Colorado Squawfish
Extensive Culture Razorback Sucker
Extensive Culture Bonytail Chub
Extensive Culture Humpback Chub

G49

G 53

G 57

G 61



Table A 1

Species Colorado Squawflsh
Rearing Method Intensive Culture
Water Supply Warm Well Water

Date Event Average Percent Length Fish Fish per Number Weight Number Weight
Temp o Feed Onches Weight Pound 0 Ash Released 0 Fish On Station

oF Radon Pb Released Ob On Stadon Ob
Q

1 Jun 1 troughs 69 0 100 040 0 000 57870 0 0 224 366 4
1 Jul 31 69 0 100 0 70 0 000 10 615 0 0 217 064 20
1 Aug 62 69 0 100 1 01 0 000 3 555 0 0 209 764 59
1 Sep 93 circulars 69 0 100 1 32 0 001 1 597 0 0 202 710 127
1 0ct 123 69 0 100 1 62 0 001 866 0 0 196 113 227
1 Nov 154 69 0 100 1 93 0 002 513 0 0 189 518 370
1 Dec 184 69 0 100 2 23 0 003 333 0 0 183 350 551
1 Jan 215 69 0 100 2 54 0 004 225 0 0 177 184 787
1 Feb 246 69 0 100 2 85 0 006 160 0 0 171 226 1 073
1 Mar 275 69 0 100 3 13 0 008 121 0 0 166 025 1 378
1 Apr 306 69 0 100 344 0 011 91 0 0 160441 1 767
1 May 336 69 0 100 3 74 0 014 71 0 0 155 220 2 196
1 Jun 367 release 69 0 100 4 05 0 018 56 150 000 2 694 0 0

Total Number of Fish Released and Weight Ib 150 000 2 694

AshPro Inc 7 23 92



Table A l

Species Colorado Squawflsh
f3earing Method Intensive Culture
Water Supply Warm Well Water

Date Oxygen at Oxygen Inflow Oxygen Oxygen Food Required
100 Sat Saturation Oxygen ConsumpUon ConsumpUon Conversion Feed

mgn mgn Ob02nbfeedld Obl1 00 IbId Ib

Q 1 Jun 742 95 7 05 0 337 10 00 2 00 35

N 1 Jul 742 95 7 05 0 337 446 2 00 81
l Aug 742 95 7 05 0 337 2 75 2 00 145
l Sep 7 42 95 7 05 0 337 1 90 2 00 214
1 0et 742 95 7 05 0 337 1 55 2 00 312
l Nov 742 95 7 05 0 337 1 22 2 00 400
1 Dee 742 95 7 05 0 337 1 07 2 00 525
1 Jan 7 42 95 7 05 0 337 0 93 2 00 648
1 Feb 7 42 95 7 05 0 337 0 73 2 00 696
l Mar 742 95 7 05 0 337 0 73 2 00 901
1 Apr 742 95 7 05 0 337 0 64 2 00 1 006
l May 742 95 7 05 0 337 0 61 2 00 1 184
1 Jun 742 95 7 05 0 337 0 60 2 00 2 225

Total Feed Required Ib 6 147

RshPro Inc
7 2392



Table A l

Species Colorado Squawflsh
Rearing Method Intensive Culture
Water Supply Warm Well Water

Based on 02 Consumption
Date Location Rearing Required Container Required ChangCarrYing Required

Density Space Area Units overs Capacity Flow
Ibslcu It cu It cu ft per Hour Ib gpm gpm

Q l Jun trough 043 9 5 2 1247 0 25 16
l Jul trough 0 43 48 5 10 5 87 0 55 37VJ
l Aug trough 043 137 5 28 3 73 0 89 66
l Sep 12 circular 043 295 339 1 2 31 1 30 98
1 0ct 12 circular 1 00 227 339 1 3 37 1 59 142
l Nov 12 circular 1 00 370 339 2 2 16 2 03 182
1 0ec 12 circular 1 00 551 339 2 2 83 2 30 240
l Jan 12 circular 1 00 787 339 3 2 33 2 66 295
l Feb 12 circular 100 1073 339 4 1 88 3 38 317
l Mar 12 circular 1 00 1378 339 5 1 94 3 35 411
l Apr 12 circular 1 00 1767 339 6 1 81 3 85 459
l May 12 circular 1 00 2196 339 7 182 4 07 540
l Jun release 1 00 2694 339 8 1 94 4 11 656

FlshPro Inc
7 2392



Table

Species
Rearing Method
Water Supply

A 1

Colorado Squawflsh
Intensive Cuhure
Warm Well Water

List 0 Assumptions

o

Site Parameters

Elevation ft above MSl

Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size cf
12 circular cu ft

Rsh length at transfer to large circulars in

Swlmup Fry Stocking Density f1shlcf
Species Parameters

Species
Species Code

C factor

6500

8 20

0 0002

5 06

339 12

1 20

300

Re erence

Task 7 Datasheet
Task 7 Datasheet

Assumed

length 4 5 Width 1 5 Depth 0 75
Diameter 12 Depth 3
Aron Kriss CDOW 1992 ree 1 5 1 2 set to save spac
KnoU 1990

l inches 0 30

l Inches 2 00

l Inches 3 00

Monthly Temp Units per inch of growth
Mortality rate oamonth

Minimum oxygen level allowed mgI

Nitrogen loading Ibs NIIbs food

Colorado Squawfish
13

2 70E 04

2 70E 04

2 70E 04

100

3 30

5 00

0 032

FishPro Inc

W l 3 formula using CDOW data Harris 1991

Criss Aron CDOW telephone correspondence use 0 3 mo

Harris et al1991

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management

7 2392



Table A 2

Species Razorback Sucker

Rearing Method Intensive Culture
Water Supply Warm Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp 01 Feed nches Weight Pound of Ash Released 01 Ash On StaUon

oF RaUon b Released b On StaUon bQ

UI 1 Mar 1 troughs 69 0 100 0 33 0 00 30 435 0 0 198 569 7
1 Apr 32 69 0 100 0 85 0 00 1 804 0 0 193 510 107
1 May 62 circulars 69 0 100 1 35 0 00 1 384 0 0 188 739 136
1 Jun 93 69 0 100 1 86 0 00 523 0 0 183 931 352
1 Jul 123 69 0 100 2 36 0 01 170 0 0 179 396 1 057
1 Aug 154 69 0 100 2 88 0 01 94 0 0 174 826 1 864
1 Sep 185 69 0 100 3 39 0 02 57 0 0 170 372 2 979
1 0ct 215 69 0 100 3 89 0 03 38 0 0 166 171 4 387
1 Nov 246 69 0 100 4 41 0 04 26 0 0 161 938 6 211
1 Dec 276 69 0 100 4 91 0 05 19 0 0 157 945 8 359
1 Jan 307 69 0 100 5 43 0 07 14 0 0 153 921 10 995
1 Feb release 69 0 100 5 94 0 09 11 150 000 14 074 0 0

Total Number 01 Fish Released and Weight Ib 150 000 14 074

FishPro Inc
7 23 92



Table A 2

Species Razorback Sucker

Rearing Method Intensive Culture
Water Supply Warm Well Water

Date Oxygen at Oxygen Inflow Oxygen Oxygen Food Required
100 Sat Saturation Oxygen Consumption Consumpllon Conversion Artificial Feed

0
mgn mgll pb02nbfeedld pbl100 Ibid Ib

0 1 Mar 7 42 95 7 05 0 337 35 65 2 00 207
1 Apr 742 95 7 05 0 337 0 68 2 00 65
1 May 7 42 95 7 05 0 337 3 70 2 00 450
1 Jun 742 95 7 05 0 337 4 67 2 00 1 463
1 Jul 7 42 95 7 05 0 337 1 82 2 00 1 711
1 Aug 742 95 7 05 0 337 1 44 2 00 2 387

Sap 742 95 7 05 0 337 1 15 2 00 3 037
1 0ct 7 42 95 7 05 0 337 1 02 2 00 3 973
1 Nov 742 95 7 05 0 337 0 85 2 00 4 718
1 Dac 7 42 95 7 05 0 337 0 79 2 00 5 848
1 Jan 7 42 95 7 05 0 337 0 70 2 00 6 893
1 Feb 7 42 95 7 05 0 337 0 67 2 00 7 108

Total Feed Required Ib 30 752

RshPro Inc
7 2392



Table A 2

Species Razorback Sucker

Rearing Method Intensive Culture

Water Supply Warm Well Water

Based on 02 Consumption
Date Location Rearing Required Container Required Change Canylng Required

Density Space Area Units overs Capacity Flow

Qb cf cf cf per Hour pb gpm gpm
0

1 Mar troughs 043 15 5 3 4 86 0 07 94
1 Apr troughs 043 249 5 50 0 94 3 61 30
1 May 12 circulars 043 317 339 1 4 85 0 67 205
1 Jun 12 circulars 1 00 352 339 2 7 89 0 53 667
1 Jul 12 circulars 1 00 1057 339 4 4 61 1 35 780
1 Aug 12 circulars 1 00 1864 339 6 4 29 1 71 1 088
1 Sep 12 circulars 1 00 2979 339 9 3 64 2 15 1 385
1 0ct 12 circulars 1 00 4387 339 13 3 30 242 1 811
1 Nov 12 circulars 1 00 6211 339 19 2 68 2 89 2 151
1 Dec 12 circulars 1 00 8359 339 25 2 52 3 14 2 666
1 Jan 12 circulars 1 00 10995 339 33 2 25 3 50 3 143
1 Feb release 1 00 14074 339 42 2 16 3 68 3 827

AshPro Inc 7 2392



Table

Species
Rearing Method

Water Supply

A 2

Razorback Sucker

Intensive Culture

Wann Well Water

List of Assumptions

CJ

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size eI
12 circular cu ft

Fish length at transfer to large circulars In

Swlmup Fry Stocking Density flshlel
Species Parameters

Species
Species Code

C factor

00

6500

8 20

0 0002

5 06

339 12

1 22

300

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5 Width 1 5 Depth
Diameter 12 Depth 3

Aron Kriss CDOW 1992 ree 1 5 1 2 set to save space
KnoU 1990

0 75

L inches 0 20

l Inches 1 20

l Inches 2 00

Monthly Temp Units per Inch of growth
Mortality rate ocJmonth

Minimum oxygen level allowed mgll
Nitrogen loading Ibs Nllbs food

Razorback Sucker

14

9 14E 04

2 96E 04

4 47E 04

60

2 50

5 00

0 032

AshPro Inc

W L 3 formula using Dexter NFH data

Calculated from data supplied by Slowest
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Rsh Hatchery Management

7 2392



Table A 3

Species Bonytall Chub

Rearing Method Intensive Culture
Water Supply Wann Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Fish On Stallon

oF Ration Ob Released Ob On Station ObC

1 May 1 troughs 69 0 100 0 33 0 000 30 435 0 0 166 171 50

1Jun 32 to circulars 69 0 100 1 22 0 001 1 317 0 0 161 938 123
1 Jul 62 69 0 100 2 07 0 003 388 0 0 157 945 407
1 Aug 93 69 0 100 2 96 0 007 133 0 0 153 921 1 154
1 Sep 124 release 69 0 100 3 84 0 016 61 150 000 2467 0 0

Total Number of Fish Released and Weight Ib 150 000 2467

RshPro Inc
7 2392



o

o

Table

Species
Rearing Method

Water Supply

Date

A 3

Bonytail Chub

Intensive Culture
Warm Well Water

Oxygen at Oxygen Inflow

100 Sat Saturation Oxygen
mg1 mg1

Oxygen Oxygen Food Required
Consumption Consumption Conversion Artificial Feed
b02JIbfeedld IMOO IbId Ib

1 May 7 42 95 7 05 0 337 49 68 2 00 241
1 Jun 742 95 7 05 0 337 5 38 2 00 589
1 Jul 742 95 7 05 0 337 4 29 2 00 1 554
1 Aug 7 42 95 7 05 0 337 2 68 2 00 2 755
1 Sep 7 42 95 7 05 0 337 1 17 2 00 3 400

Total Feed Required Ib 5 139

FishPro Inc
7 2392



Table A 3

Species Bonytail Chub

Rearing Method Intensive Culture
Water Supply Warm Well Water

Based on 02 Consumption
Date location Rearing Required Container Required Change Carrying Required

Density Space Area Units overs Capacity Flow

Iblet cf cf per Hour Ib gpm gpm

1 May troughs 043 13 5 3 58 15 0 05 110
0 1 Jun 12 circulars 043 286 339 1 6 35 046 269

1 Jul 12 circulars 1 00 407 339 2 8 38 0 57 708
1 Aug 12 circulars 1 00 1154 339 4 743 0 92 1 256
1 Sep release 100 2467 339 8 346 2 11 1 171

RshPro Inc
7 2392



Table

Species
Rearing Method

Water Supply

A 3

Bonytall Chub

Intensive Culture

Warm Well Water

LIst of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgll
Trough size cu ft

12 circular cu ft

Ash length at transfer to large circulars in

Swlmup Fry Stocking Density flshlcl
Species Parameters

Species
Species Code

C factor

N

L inches 0 20

L Inches 1 00

L inches 2 00

Monthly Temp Units per Inch of growth
Mortality rate lmonth
Minimum oxygen level allowed mgll
Nitrogen loading Ibs Nllbs food

AshPro Inc

6500

8 20

0 0002

5 06

339 12

1 20

300

Reference

Task 7 Datasheet
Task 7 Datasheet

Assumed

length 4 5 Width 1 5 Depth
Diameter 12 Depth 3 0
Aron Kriss CDOW 1992 rec 1 5 1 2 set to save space
KnoU 1990

0 75

80nytail Chub

16

9 14E 04

4 23E 04

2 90E 04

35

2 50

5 00

0 032

W L 3 formula using Dexter NFH data

Calculated from data supplied by 810west
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management

7 2392



Table A 4

Species Humpback Chub

Rearing Method Intensive Culture
Water Supply Warm Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Ash On Stadon

oF Radon Ob Released Ib On Staton Ib
C

1 May 1 troughs 69 0 100 0 33 0 000 30435 0 0 166 171 5
1 Jun 32 circulars 69 0 100 1 22 0 001 1 881 0 0 161 938 86w

j Jul 62 69 0 100 2 07 0 004 268 0 0 157 945 588
1 Aug 93 69 0 100 2 96 0 011 92 0 0 153 921 1 667
1 Sep 124 release 69 0 100 3 84 0 024 42 150 000 3 564 0 0

Total Number of Fish Released and Weight Ib 150 000 3 564

FishPro Inc
7 2392



Table A 4

Species Humpback Chub

Rearing Method Intensive Culture
Water Supply Warm Well Water

Date Oxygen at Oxygen Inflow Oxygen Oxygen Food Required
100 Sat Saluradon Oxygen Consumption Consumption Conversion Artificial Feed

mgJI mgJI Ob02llbfeedld Obl100 IbId Ibq

1 May 742 95 7 05 0 337 34 10 2 00 166
1 Jun 742 95 7 05 0 337 13 50 2 00 1 034
1 Jul 742 95 7 05 0 337 4 29 2 00 2 245
1 Aug 742 95 7 05 0 337 2 68 2 00 3 980
1 Sep 742 95 7 05 0 337 1 19 2 00 4 200

Total Feed Required Ib 7 425

AshPro Inc
7 2392



Table A 4

Species Humpback Chub

Rearing Method Intensive Culture
Water Supply Warm Well Water

Based on 02 Consumption
Date Locallon Rearing Required Container Required Change Carrying Required

Density Space Area Units overs Capacity Flow
Ib cl cl cl per Hour Iblgpm gpmq

1 May troughs 043 13 5 3 39 91 0 07 76
1 Jun 12 circulars 1 00 86 339 1 11 16 0 18 472

Ul

1 Jul 12 circulars 1 00 588 339 2 12 10 0 57 1 023
1 Aug 12 circulars 1 00 1667 339 5 8 59 0 92 1 815
1 Sep release 1 00 3564 339 11 3 70 2 07 1 721

FlshPro Inc
7 2392



Table

Species
Rearing Method

Water Supply

A 4

Humpback Chub

Intensive Culture

Warm Well Water

LIst of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un Ionized ammonia NH3 mgIl
Trough size cu ft

12 circular cu ft

Ash length at transfer to large circulars In

Swlmup Fry Stocking Density fishlcl
Species Parameters

Species
Species Code

C factor

t

0

6500

8 20

0 0002

5 06

339 12

1 20

300

Reference

Task 7 Datasheet
Task 7 Datasheet
Assumed

Length 4 5 Width 1 5 Depth
Diameter 12 Depth 3
Aron Kriss CDOW 1992 rec 1 5 1 2 set to save space
KnoU 1990

0 75

L inches 0 20

L Inches 1 20

L Inches 2 00

Monthly Temp Units per inch of growth
Mortality rate month

Minimum oxygen level allowed mgI

Nitrogen loading Ibs Nllbs food

Humpback Chub

15

9 14E 04

2 96E 04

4 19E 04

35

2 50

5 00

0 032

FishPro Inc

W L 3 formula using Dexter NFH data

Calculated from data supplied by 810west
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 MAsh Hatchery ManagementU

7 2392



Table A 5

Species Colorado Squawflsh
Rearing Method Extensive Culture
Water Supply Warm Well Water

Date DaylEvent Average Percenl Length Fish Fish per Number Welghl Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Ash On Stallon

oF Ration Ob Released Ob On Stallon Ob

q 1 Mar 1 troughs 69 0 100 0 33 0 00 30 435 0 0 224 366 7
1 Apr 32 ponds 69 0 100 0 64 0 00 4 176 0 0 216 820 52
1 May 62 69 0 100 0 94 0 00 1 319 0 0 209 764 159
1 Jun 93 69 0 100 1 25 0 00 1 731 0 0 202 710 117
1 Jul 123 69 0 100 1 55 0 00 908 0 0 196 113 216
1 Aug 154 69 0 100 1 86 0 00 525 0 0 189 518 361
1 Sep 185 69 0 100 2 17 0 01 193 0 0 183 144 949
1 0d 215 69 0 100 2 47 0 01 131 0 0 177 184 1 354
1 Nov 246 69 0 100 2 78 0 01 92 0 0 171 226 1 866
1 Dec 276 69 0 100 3 08 0 01 67 0 0 165 653 2 454
1 Jan 307 69 0 100 3 39 0 02 51 0 0 160 082 3 163
1 Feb 338 69 0 100 3 70 0 03 39 0 0 154 699 3 974
1 Mar 366 release 69 0 100 3 98 0 03 31 150 000 4 795 0 0

Total Number of Fish Released and Weight Ib 150 000 4 795

FishPro Inc
7 2392



FlshPro Inc
7 2392



Table A 5

Species Colorado Squawflsh
Rearing Method Extensive Culture
Water Supply Warm Well Water Based on Changeovers

Dale Locallon Surface Area Required Container Required Change Carrying Required
or Density Space Area Units overs Capacity Aow

Oblcf or f1shac cI or BC cl or ac per Hour Oblgpm gpm

1 Mar troughs 043 17 5 06 4 2 000 146 5
1 Apr ponds 110 000 2 0 25 8 0 002 0 60 87

q 1 May ponds 110 000 2 0 25 8 0 002 1 83 87
1 Jun ponds 50 000 4 0 25 17 0 002 0 63 185I

1 Jul ponds 49 000 4 0 25 17 0 002 1 17 185
D

1 Aug ponds 47 500 4 0 25 16 0 002 2 08 174
1 Sep ponds 46 000 4 0 25 16 0 002 5 46 174
1 0cl ponds 44 500 4 0 25 16 0 002 7 79 174
1 Nov ponds 43 000 4 0 25 16 0 002 10 74 174
1 Dec ponds 41 500 4 0 25 16 0 002 14 12 174
1 Jan ponds 40 000 4 0 25 17 0 002 17 13 185
1 Feb ponds 38 500 4 0 25 17 0 002 21 52 185
1 Mar release 35 000 4 0 25 18 0 002 24 53 195

FishPro Inc
7 2392



Table

Species
Rearing Method
Water Supply

A 5

Colorado Squawflsh
Extensive Culture

Warm Well Water

List of Assumptions

q

Site Parameters
Elevation fI above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgI
Trough size eI
Pond size ac

Fish length at transfer to ponds In
Swimup Fry Stocking Denshy flshlac

Species Parameters

Species
Species Code
C factor W L 3 formula using Dexter NFH data

N
o

6500

8 20

0 0002

5 06

0 25

040

110000

Reference

Task 7 Datasheet
Task 7 Datasheet

Assumed

Length 4 5 Width 1 5
TAC pond size requirement
Hamman 1987

Hamman 1987

Colorado Squawtish
13

L inches 0 20 9 14E 04
L Inches 1 20 2 96E04

L inches 2 00 5 08E 04

Monthly Temp Units per Inch of growth 100

Mortality rate oamonth 3 30
Minimum oxygen level allowed mg I 5 00

Nitrogen loading lbs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by 810west
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 MFish Hatchery ManagementU
Hamman 1987

FishPro Inc

Depth 0 75

7 2392



Table A G

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Warm Well Water

Date DayJEvent Average Percent Length Ash Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Ash On Station

oF Ration Ob Released Ob On Station Ob

1 Mar 1 troughs 69 0 1 00 0 33 0 00 30 435 0 0 198 569 71 Apr 32 ponds 69 0 100 0 85 0 00 1 804 0 0 193 510 107

q
1 May 62 69 0 100 1 35 0 00 1 384 0 0 188 739 1361 Jun 93 69 0 100 1 86 0 00 523 0 0 183 931 352

N 1 Jul 123 69 0 100 2 36 0 01 170 0 0 179 396 1 0571 Aug 154 69 0 100 2 88 0 01 94 0 0 174 826 1 8641 Sep 185 69 0 1 00 3 39 0 02 57 0 0 170 372 2 9791 0ct 215 69 0 100 3 89 0 03 38 0 0 166 171 4 3871 Nov 246 69 0 100 441 0 04 26 0 0 161 938 6 2111 Dec 276 69 0 100 4 91 0 05 19 0 0 157 945 8 3591 Jan 307 69 0 100 5 43 0 07 14 0 0 153 921 10 9951 Feb 338 release 69 0 100 5 94 0 09 11 150 000 14 074 0 0

Total Number 0 Fish Released and Weight Ib 150 000 14 074

FishPro Inc
7 2392



Table A 6

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Warm Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Satundon Oxygen Conversion Artlftclal Feed

mgn mgll Ib

1 Mar 742 95 7 05 2 3 0
1 Apr 7 42 95 7 05 2 3 5

q 1 May 7 42 95 7 05 2 3 7
1 Jun 742 95 7 05 2 3 18

N 1 Jul 7 42 95 7 05 2 3 53N

1 Aug 7 42 95 7 05 2 3 93
1 Sep 742 95 7 05 2 3 149
1 0ct 7 42 95 7 05 2 3 219
1 Nov 7 42 95 7 05 2 3 311
1 Dec 742 95 7 05 2 3 418
1 Jan 742 95 7 05 2 3 550
1 Feb 7 42 95 7 05 2 3 0

Total Feed Required Ib 1 823

FishPro Inc
7 2392



Table A 6

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Warm Well Water Based on Changeovers

Date Location Surface Area Required Container Required Change Carrying Required
or Density Space Area Units overs Capacity Flow

ObJet or flshac cf or ac cl or ac per Hour Ib gpm gpm

1 Mar troughs 0 43 15 5 06 3 2 000 172 4
1 Apr ponds 110 000 2 0 25 8 0 002 1 23 87

q
1 May ponds 110 000 2 0 25 7 0 002 1 79 76
1 Jun ponds 53 000 3 0 25 14 0 002 2 32 152

N 1 Jul ponds 52 000 3 0 25 14 0 002 6 95 152w

1 Aug ponds 50 000 3 0 25 14 0 002 12 26 152
1 Sep ponds 49 000 3 0 25 14 0 002 19 59 152
1 0ct ponds 48 500 3 0 25 14 0 002 28 85 152
1 Nov ponds 47 250 3 0 25 14 0 002 40 85 152
1 Dec ponds 46 100 3 0 25 14 0 002 54 97 152
1 Jan ponds 45 000 3 0 25 14 0 002 72 31 152
1 Feb release 44 000 3 0 25 14 0 002 92 56 152

AshPro Inc
7 23 92



Table

Species
Rearing Method

Water Supply

A 6

Razorback Sucker

Extensive Culture

Warm Well Water

LIst of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgll
Trough size cf
Pond size ac

Fish length at transfer to ponds In

Swlmup Fry Stocking Density f1shlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

N

6500

8 20

0 0002

5 06

0 25

0 40

110000

Reference

Task 7 Datasheet
Task 7 Datasheet
Assumed

Length 4 5 Width 1 5
TAC pond size requirement
Hamman 1987

Hamman 1987

Razorback Sucker

14
L inches 0 20 9 14E 04
L Inches 1 20 2 96E 04

L Inches 2 00 4 47E 04

Monthly Temp Units per Inch of growth 60

Mortality rate oomonth 2 50
Minimum oxygen level allowed mgI 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Slowest
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 MAsh Hatchery ManagementM
Hamman 1987

FishPro Inc

Depth 0 75

7 2392



Tabla A 7

Species Bonytall Chub

Rearing Method Extensive Culture
Water Supply Warm Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of fish Released of Ash On Station

C oF Ration Ob Released Ib On Slaton Ob

N 1 May 1 troughs 69 0 100 0 33 0 000 30 435 0 0 166 171 5Ul
1 Jun 32 ponds 69 0 100 1 22 0 001 1 317 0 0 161 938 123
1 Jul 62 69 0 100 2 07 0 003 388 0 0 157 945 407
1 Aug 93 69 0 100 2 96 0 007 133 0 0 153 921 1 154
1 Sep 124 release 69 0 100 3 84 0 016 61 150 000 2 467 0 0

Total Number of Fish Released and Weight Ib 150 000 2467

FishPro Inc
7 2392



Table A 7

Species Bonytall Chub

Rearing Method Extensive Culture
Water Supply Warm Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgll mgll Ib
q

N 1 May 7 42 95 7 05 2 30 0
0 1 Jun 7 42 95 7 05 2 30 6

1 Jul 7 42 95 7 05 2 30 20
1 Aug 7 42 95 7 05 2 30 58
1 Sep release 95 7 05 2 30 0

Total Feed Required Ib 84

RshPro Inc
7 2392



AshPro Inc
7 23 92



Table

Species
Rearing Method

Water Supply

A 7

Bonylall Chub

Extensive Culture

Warm Well Water

List of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size cu ft

Pond size ac

Fish length at transfer to ponds in

Swlmup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor WIL 3 formula using Dexter NFH data

N
00

6500

8 20

0 0002

5 06

0 25

0 40

110000

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5 Depth 1 5

TAC pond size requirement
Hamman 1987

Hamman 1987

Bonytail Chub

16

L inches 0 20 9 14E 04

L Inches 1 00 4 23E 04
L Inches 2 00 2 90E 04

Monthly Temp Units per inch of growth 35

Mortality rate oamonth 2 50

Minimum oxygen level allowed mgll 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by 810west

Hamman 1987

Environmentally determined due to temp limits

Piper at al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Width 0 75

7 2392



Table A a

Species Humpback Chub

Rearing Method Extensive Culture
Water Supply Warm Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Ash On Station

oF Ration Ob Released Ob On Station Ob
q

N
1 May 1 troughs 69 0 100 0 33 0 000 30 435 0 0 166 171 5

10 1 Jun 32 ponds 69 0 100 1 22 0 001 1 881 0 0 161 938 86
1 Jul 62 69 0 100 2 07 0 004 268 0 0 157 945 588
1 Aug 93 69 0 100 2 96 0 011 92 0 0 153 921 1 667
1 Sep 124 release 69 0 100 3 84 0 024 42 150 000 3 564 0 0

Total Number of Fish Released and Weight Ib 150 000 3 564

FishPro Inc 7 2392



Table A S

Species Humpback Chub

Rearing Method Extensive Culture
Water Supply Warm Well Water

Dale Oxygen at Oxygen Inflow Food Required
100 Sat Saturallon Oxygen Conversion Artificial Feed

mgJI mgJI Ib
q

w 1 May 742 95 7 05 2 3 0
0 1 Jun 742 95 7 05 2 3 4

1 Jul 742 95 7 05 2 3 29
1 Aug 7 42 95 7 05 2 3 83
1 Sep 742 95 7 05 2 3 0

Total Feed Required Ib 117

FishPro Inc
7 23 92



Table A S

Species Humpback Chub

Rearing Method Extensive Culture

Water Supply Warm Well Water

Based on Changeovers
Date Location Surface Area Required Container Required Change Carrying Required

or Density Space Area Units overs Capacity Aow

CJ
Ob cf or flshac cf or ac cf or ac per Hour Ib gpm gpm

w 1 May trough 043 13 5 3 2 000 144 4

1 Jun pond 110 000 1 0 6 0 002 1 32 65

1 Jul pond 110 000 1 0 6 0 002 9 03 65

1 Aug pond 50 000 3 0 13 0 002 11 81 141

1 Sep release 49 000 3 0 13 0 002 25 24 141

FishPro Inc 7 2392



Table

Species
Rearing Method

Water Supply

A a

Humpback Chub

Extensive Culture
Warm Well Water

list of Assumptions

q

Site Parameters

Elevallon ft above MSL
Maximum pH
Inflow un ionized ammonia NH3 mgll
Trough size cu ft

Pond size ac

Ash length at transfer to ponds In

Swlmup Fry Stocking Denshy fishlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

W
N

6500

8 20

0 0002

5 06

0 25

040

11 0000

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5 Width 1 5

TAC pond size requirement
Hamman 1987

Hamman 1987

Humpback Chub

15
L Inches 0 20 9 14E 04
L Inches 1 20 2 96E 04

L Inches 2 00 4 19E 04

Monthly Temp Units per inch of growth 35

Mortality rate oeJmonth 2 50
Minimum oxygen level allowed mgI 5 00

Nitrogen loading lbs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by 8iowest
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Ash Hatchery Management
Hamman 1987

AshPro Inc

Depth 0 75

7 2392



Table A 9

Species Colorado Squawfish
Rearing Method Extensive Culture
Water Supply Cold Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Ash Released of Ash On Station

oF Ration Ob Released Ob On Station Ob

1 Mar 1 troughs 64 0 100 0 33 0 000 30435 0 0 293 998 10
1 Apr 32 ponds 57 6 100 0 59 0 000 5 357 0 0 284 111 53
1 May 62 57 6 100 0 78 0 000 2 339 0 0 274 865 118
1 Jun 93 57 6 100 0 97 0 001 1 199 0 0 265 621 222

q
1 Jul 123 57 6 100 1 16 0 001 706 0 0 256 977 364
1 Aug 154 57 6 100 1 35 0 001 1 369 0 0 248 335 181

w 1 Sep 185 57 6 100 1 54 0 001 916 0 0 239 984 262w
1 0cl 215 57 6 100 1 73 0 002 650 0 0 232 174 357
1 Nov 246 57 6 100 1 93 0 002 473 0 0 224 366 475
1 Dec 276 57 6 100 2 11 0 005 209 0 0 217 064 1 040
1 Jan 307 57 6 100 2 31 0 006 160 0 0 209 764 1 307
1 Feb 338 57 6 100 2 50 0 008 126 0 0 202 710 1 609
1 Mar 366 57 6 100 2 67 0 010 103 0 0 196 553 1 911
1 Apr 397 57 6 100 2 87 0 012 83 0 0 189 943 2 278
1 May 427 57 6 100 3 06 0 014 69 0 0 183 761 2 664
1 Jun 458 57 6 100 3 25 0 017 57 0 0 177 582 3 096
1 Jul 488 57 6 100 344 0 021 48 0 0 171 802 3 543
1 Aug 519 57 6 100 3 63 0 024 41 0 0 166 025 4 036
1 Sep 550 57 6 100 3 82 0 028 35 0 0 160441 4 558
1 0ct 580 57 6 100 4 01 0 033 30 0 0 155 220 5 091
1 Nov 611 release 57 6 100 4 21 0 038 26 150 000 5 667 0 0

Total Number of Fish Released and Weight Ib 150 000 5 667

FishPro Inc 10 30 92



Table A 9

Species Colorado Squawfish
Rearing Method Extensive Culture

Water Supply Cold Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgJI mgJI Ib

Mar 1 7 78 95 7 39 2 3 0

Apr 1 8 31 95 7 90 2 3 3

May 1 8 31 95 7 90 2 3 6

Jun 1 8 31 95 7 90 2 3 11
Jul1 8 31 95 7 90 2 3 18

C1 Aug 1 8 31 95 7 90 2 3 9

Sep 1 8 31 95 7 90 2 3 13w

Oct 1 8 31 95 7 90 2 3 18
Nov 1 8 31 95 7 90 2 3 24
Dec 1 a 31 95 7 90 2 3 52
Jan 1 8 31 95 7 90 2 3 65

Feb 1 8 31 95 7 90 2 3 80

Mar 1 8 31 95 7 90 2 3 96

Apr1 8 31 95 7 90 2 3 114

May 1 8 31 95 7 90 2 3 133
Jun 1 8 31 95 7 90 2 3 155
Jul1 8 31 95 7 90 2 3 177

Aug 1 8 31 95 7 90 2 3 202

Sep 1 8 31 95 7 90 2 3 228
Oct 1 8 31 95 7 90 2 3 255
Nov 1 8 31 95 7 90 2 3 0

Total Feed Required Ib 1 659

FishPro Inc 10 30 92



Table A 9

Species Colorado Squawflsh
Rearing Method Extensive Culture
Water Supply Cold Well Water Based on Changeovers

Date Location Surface Area Required Container Required Change Carrying Required
or Density Space Area Units overs Capacity Flow

Ib cf or fishlac cf or BC cf or BC per Hour Ib gpm gpm

Mar 1 troughs 043 22 5 06 5 2 000 1 53 6
Apr 1 pond 110 000 3 0 25 11 0 002 0 44 119
May 1 pond 110 000 2 0 25 10 0 002 1 08 109
Jun 1 pond 50 000 5 0 25 22 0 002 0 93 239
Jul 1 pond 48 000 5 0 25 22 0 002 1 52 239

Q Aug 1 pond 47 000 5 0 25 22 0 002 0 76 239
Sep 1 pond 45 500 5 0 25 22 0 002 1 10 239w
Oct 1 pond 44 000 5 0 25 22 0 002 1 50 239

Ul

Nov 1 pond 42 500 5 0 25 22 0 002 1 99 239
Dee 1 pond 40 000 5 0 25 22 0 002 4 35 239
Jan 1 pond 38 500 5 0 25 22 0 002 547 239
Feb 1 pond 37 000 5 0 25 22 0 002 6 73 239
Mar 1 pond 36 000 5 0 25 22 0 002 8 00 239
Apr 1 pond 35 000 5 0 25 22 0 002 9 53 239
May 1 pond 34 500 5 0 25 22 0 002 11 15 239
Jun 1 pond 33 500 5 0 25 22 0 002 12 96 239
Jul 1 pond 32 500 5 0 25 22 0 002 14 83 239
Aug 1 pond 31 500 5 0 25 22 0 002 16 89 239
Sep 1 pond 30 500 5 0 25 22 0 002 19 0B 239
Oct 1 pond 29 500 5 0 25 22 0 002 21 30 239
Nov 1 release 28 500 5 0 25 22 0 002 23 72 239

FishPro Inc
10 30 92



Table

Species
Rearing Method

Water Supply

A 9

Colorado Squawfish
Extensive Culture

Cold Well Water

List of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mg I

Trough size cl
Pond size ac

Fish length at transfer to ponds In

Swimup Fry Stocking Density flshlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987W
0

6500

8 20

0 0002

5 06

0 25

0 35

110000

Width

Colorado Squawfish
13

L inches 0 20 9 14E 04

L inches 1 20 2 96E 04

L Inches 2 00 5 08E 04

Monthly Temp Units per inch of growth 100

Mortality rate month 3 30

Minimum oxygen level allowed mgll 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

1 5

Calculated from data supplied by 8iowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Deplh 0 75

10 30 92



Table A 10

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Cold Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Fish Released of Fish On Station

oF Ration Ob Released Ib On StaUon Ib

1 Mar 1 troughs 64 0 100 0 33 0 00 30435 0 0 236 885 8
1 Apr 32 ponds 57 6 100 0 76 0 00 2 478 0 0 230 850 93
1 May 62 57 6 100 1 07 0 00 884 0 0 225 158 255
1 Jun 93 57 6 100 140 0 00 1 239 0 0 219422 177q 1 Jul 123 57 6 100 1 71 0 00 677 0 0 214 012 316

w 1 Aug 154 57 6 100 2 03 0 00 267 0 0 208 560 781
1 Sep 185 57 6 100 2 35 0 01 171 0 0 203 246 1 185
1 0cl 215 57 6 100 2 67 0 01 118 0 0 198 235 1 680
1 Nov 246 57 6 100 2 99 0 01 84 0 0 193 185 2 306
1 Dec 276 57 6 100 3 30 0 02 62 0 0 188422 3 031
1 Jan 307 57 6 100 3 62 0 02 47 0 0 183 622 3 907
1 Feb 338 57 6 100 3 95 0 03 36 0 0 178 944 4 918
1 Mar 366 57 6 100 4 24 0 03 29 0 0 174 826 5 950
1 Apr 397 57 6 1 00 4 56 0 04 24 0 0 170 372 7 226
1 May 427 57 6 100 4 87 0 05 19 0 0 166 171 8 597
1 Jun 458 57 6 100 5 20 0 06 16 0 0 161 938 10 155
1 Jul 488 57 6 1 00 5 51 0 07 13 0 0 157 945 11 799
1 Aug 519 57 6 100 5 83 0 09 11 0 0 153 921 13 641
1 Sep 550 release 57 6 100 6 15 0 10 10 150 000 15 624 0 0

Total Number of Fish Released and Weight Ib 150 000 15 624

FlshPro Inc
10 30 92



Table A 10

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Cold Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgll mgJI Ib

1 Mar 7 78 95 7 39 2 3 0
1 Apr 8 31 95 7 90 2 3 5
1 May 8 31 95 7 90 2 3 13
1 Jun 8 31 95 7 90 2 3 9q
1 Jul 8 31 95 7 90 2 3 16

w 1 Aug 8 31 95 7 90 2 3 39
00

1 Sep 8 31 95 7 90 2 3 59
1 0ct 8 31 95 7 90 2 3 84
1 Nov 8 31 95 7 90 2 3 115
1 Dec 8 31 95 7 90 2 3 152
1 Jan 8 31 95 7 90 2 3 195
1 Feb 8 31 95 7 90 2 3 246
1 Mar 8 31 95 7 90 2 3 297
1 Apr 8 31 95 7 90 2 3 361
1 May 8 31 95 7 90 2 3 430
1 Jun 8 31 95 7 90 2 3 508
1 Jul 8 31 95 7 90 2 3 590
1 Aug 8 31 95 7 90 2 3 682
1 Sep 8 31 95 7 90 2 3 0

Total Feed Required Ib 1 230

FishPro Inc
10 30 92



FishPro Inc
10 30 92



Table

Species
Rearing Method

Water Supply

A 10

Razorback Sucker

Extensive Culture

Cold Well Water

LIst of AssumplJons

q

Site Parameters

Elevation ft above MSL
Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size cf
Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987
o

6500

8 20

0 0002

5 06

0 25

040

110000

Width 1 5

Razorback Sucker

14

L inches 0 20 9 14E 04

L Inches 1 20 2 96E 04

L Inches 2 00 447E 04

Monthly Temp Units per inch of growth 60

Mortality rate oalmonth 2 50

Minimum oxygen level allowed mgll 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Slowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Depth 0 75

1030 92



Table A 11

Species Bonytall Chub

Rearing Method Extensive Culture
Water Supply Cold Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Onches Weight Pound of Fish Released of Fish On Station

oF Ration Ob Released Ob On Station Ib

1 May 1 troughs 64 0 100 0 33 0 000 30 435 0 0 179 245 6
1 Jun 32 ponds 57 6 100 1 07 0 001 1 931 0 0 174 679 90

q 1 Jul 62 57 6 100 1 60 0 002 572 0 0 170 372 298
1 Aug 93 57 6 100 2 16 0 003 343 0 0 166 031 484

I 1 Sep 124 57 6 100 2 71 0 006 173 0 0 161 801 935
1 0ct 154 57 6 10000 3 25 0 010 101 0 0 157 812 1 566
1 Nov 185 57 6 100 3 80 0 016 63 0 0 153 792 2 447
1 Dec 215 release 57 6 100 4 34 0 024 42 150 000 3 544 0 0

Total Number of Fish Released and Weight Ib 150 000 3 544

FishPro Inc 10 30 92



Table A 11

Species BonytaU Chub

Rearing Method Extensive Culture

Water Supply Cold Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgJI mgJ1 Ib

1 May 7 78 95 7 39 2 30 0

q 1 Jun 8 31 95 7 90 2 30 5
1 Jul 8 31 95 7 90 2 30 15
1 Aug 8 31 95 7 90 2 30 24N

1 Sep 8 31 95 7 90 2 30 47
1 Qct 8 31 95 7 90 2 30 78
1 Nov 8 31 95 7 90 2 30 122
1 Dec 8 31 95 7 90 2 30 0

Total Feed Required Ib 169

FlshPro Inc 10 30 92



Table A 11

Species Bonytall Chub

Rearing Method Extensive Culture
Water Supply Cold Well Water

Based on Changeovers
Date location Surface Area Required Container Required Change Carrying Required

or Density Space Area Units overs Capacity Flow
Ib cf or fishac cf or ac cf or ac per Hour Ob gpm gpm

1 May troughs 043 14 5 06 3 2 000 1 56 4

q 1 Jun pond 110 000 2 0 25 7 0 002 1 13 80
1 Jul pond 110 000 2 0 25 7 0 002 3 73 80
1 Aug pond 50 000 3 0 25 14 0 002 3 03 160w

1 Sep pond 49 000 3 0 25 14 0 002 5 86 160
1 0ct pond 48 000 3 0 25 14 0 002 9 81 160
1 Nov pond 47 000 3 0 25 14 0 002 15 33 160
1 Dec release 46 000 3 0 25 14 0 002 22 20 160

FishPro Inc
10 30 92



Table

Species
Rearing Method

Water Supply

A 11

Bonytall Chub

Extensive Culture

Cold Well Water

LIst of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgIl
Trough size cu ft

Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocldng Denshy flshlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987

6500

8 20

0 0002

5 06

0 25

040

110000

Depth 1 5

80nytaiJ Chub

16
L inches 0 20 9 14E 04

L Inches 1 00 4 23E 04
L inches 2 00 2 90E 04

Monthly Temp Units per inch of growth 35

Mortality rate oomonth 2 50

Minimum oxygen level allowed mgll 5 00

Nitrogen loading Ibs N lbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 QFlsh Hatchery ManagementQ
Hamman 1987

FishPro Inc

Width 1 0

10 30 92



Table A 12

Species Humpback Chub

Rearing Method Extensive Culture
Water Supply Cold Well Water

Date DaylEvent Average Percent Length Fish Fish per Number Weight Number Weight
Temp 01 Feed Onches Weight Pound of Fish Released of Ash On StaUon

oF RaUon Ob Released Ib On Staton Ib

1 May 1 troughs 64 0 100 0 33 0 000 30 435 0 0 179 245 6

q
1 Jun 32 ponds 57 6 100 1 07 0 001 894 0 0 174 679 195
1 Jul 62 57 6 100 1 60 0 001 816 0 0 170 372 209
1 Aug 93 57 6 100 2 16 0 004 237 0 0 166 031 699Ul
1 Sep 124 57 6 100 2 71 0 008 120 0 0 161 801 1 351
1 0ct 154 57 6 100 3 25 0 014 70 0 0 157 812 2 263
1 Nov 185 57 6 100 3 80 0 023 43 0 0 153792 3 536
1 Dec 215 release 57 6 100 4 34 0 034 29 150 000 5 121 0 0

Total Number of Fish Released and Weight Ib 150 000 5 121

FishPro Inc 1030 92



Table A 12

Species Humpback Chub

Rearing Method Extensive Culture

Water Supply Cold Well Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgJI mgJI Ib

1 May 7 78 95 7 39 2 3 0

1 Jun 8 31 95 7 90 2 3 10
q 1 Jul 8 31 95 7 90 2 3 10

1 Aug 8 31 95 7 90 2 3 35
0

1 Sep 8 31 95 7 90 2 3 68

1 0ct 8 31 95 7 90 2 3 113
1 Nov 8 31 95 7 90 2 3 177
1 Dec 8 31 95 7 90 2 3 0

Total Feed Required Ib 236

FishPro Inc 10 30 92



FishPro Inc
10 30 92



Table

Species
Rearing Method

Water Supply

A 12

Humpback Chub

Extensive Culture

Cold Well Water

List of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un Ionized ammonia NH3 mgll
Trough size cu ft

Pond size ac

Fish length at transfer to ponds In

Swloup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

Reference

Task 7 Datasheet
Task 7 Datasheet

Assumed

Length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987
00

6500

8 20

0 0002

5 06

0 25

040

110000

Width 1 5

Humpback Chub

15
L Inches 0209 14E 04
L Inches 1 20 2 96E 04

L inches 2 00 4 19E 04

Monthly Temp Units per inch of growth 35

Mortality rate month 2 50
Minimum oxygen level allowed mgI 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest
Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 MFish Hatchery Management
Hamman 1987

FishPro Inc

Depth 0 75

10 30 92



Table A 13

Species Colorado Squawfish
Rearing Method Extensive Culture
Water Supply Surface Water

Date Day Event Average Percent Length Fish Fish per Number Weight Number Weight
Temp o Feed inches Weight Pound of Ash Released of Fish On Station

oF Ration Ib Released lb On Station Ib

1 Mar 1 troughs 43 7 100 0 33 0 000 30435 0 0 347 279 11
l Apr 32 ponds 504 100 0 38 0 000 19 626 0 0 335 600 171 May 62 58 6 100 0 50 0 000 8 859 0 0 324 678 37
l Jun 93 63 5 100 0 70 0 000 3 159 0 0 313 759 99
l Jul 123 70 5 100 0 95 0 001 1 285 0 0 303 548 236
1 Aug 154 66 6 100 1 27 0 001 1 636 0 0 293 340 179
1 Sep 185 624 100 1 56 0 001 893 0 0 283 475 318q 1 0ct 215 52 9 100 1 79 0 002 586 0 0 274 250 468
l Nov 246 43 0 100 194 0002 463 0 0 265 027 5720
l Dec 276 34 0 100 1 99 0 002 429 0 0 256 402 597
1 Jan 307 32 2 100 2 04 0 004 232 0 0 247 779 1 066
l Feb 338 34 5 100 2 09 0 005 216 0 0 239447 1 108
1 Mar 366 43 7 100 2 14 0 005 201 0 0 232 174 1 153
1 Apr 397 504 100 2 19 0 005 187 0 0 224 366 1 198
1 May 427 58 6 100 2 31 0 006 160 0 0 217 064 1 353
1 Jun 458 63 5 100 2 51 0 008 124 0 0 209 764 1 686
l Jul 488 70 5 100 2 76 0 011 94 0 0 202 938 2 158
t Aug 519 66 6 100 3 08 0 015 67 0 0 196 113 2 915
1 Sep 550 624 100 3 37 0 019 52 0 0 189 518 3 673
1 0ct 580 52 9 100 3 60 0 024 42 0 0 183 350 4 350
1 Nov 611 43 0 100 3 75 0 027 37 0 0 177 184 4 734
l Dec 641 34 0 100 3 80 0 028 36 0 0 171 418 4 766
1 Jan 672 32 2 100 3 85 0 029 35 0 0 165 653 4 790
1 Feb 703 34 5 100 3 90 0 030 33 0 0 160 082 4 812
1 Mar 731 43 7 100 3 95 0 031 32 0 0 155 220 4 848
1 Apr 762 release 50 4 100 4 00 0 032 31 150 000 4 872 0 0

Total Number of Fish Released and Weight Ib 150 000 4 872

FishPro Inc
7 2392



Table A 13

Species Colorado Squawfish
Rearing Method Extensive Culture

Water Supply Surface Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat SaturaUon Oxygen Conversion Artificial Feed

mgJI mgJI Ib

l Mar 9 88 95 938 2 3 1

1 Apr 9 04 95 8 59 23 1
1 May 8 22 95 7 81 2 3 2
1 Jun 782 95 743 2 3 5
1 Jul 732 95 6 96 2 3 12
1 Aug 7 59 95 7 21 2 3 9

1 Sep 7 90 95 7 51 23 16
q 1 0ct 8 77 95 8 33 23 23

l Nov 9 98 95 948 23 29VI

1 Dec 11 56 95 10 98 2 3 300

1 Jan 11 96 95 11 36 2 3 53
1 Feb 11 45 95 10 87 2 3 55

l Mar 9 88 95 9 38 23 58

l Apr 9 04 95 8 59 2 3 60

1 May 8 22 95 7 81 2 3 68

1 Jun 7 82 95 7 43 2 3 84
1 Jul 7 32 95 6 96 2 3 108

l Aug 7 59 95 7 21 2 3 146
l Sep 7 90 95 7 51 2 3 184
1 0ct 8 77 95 8 33 2 3 218
l Nov 9 98 95 9 48 2 3 237
l Dec 11 56 95 10 98 2 3 238
1 Jan 11 96 95 11 36 2 3 240
1 Feb 1145 95 10 87 2 3 241
1 Mar 9 88 95 9 38 2 3 242
l Apr 9 04 95 8 59 2 3 0

Total Feed Required Ib 1 396

FishPro Inc
7 23 92



Table A 13

Species Colorado Squawfish
Rearing Method Extensive Cuhure
Water Supply Surface Water Based on Changeovers

Date Location Surlace Area Required Container Required Change Carrying Required
or Density Space Area Units overs Capacity Aow

Ib cf or fishac cf or ac cf or ac per Hour Ib gpm gpm

1 Mar troughs 043 27 5 06 6 2 000 151 8
1 Apr pond 110 000 3 0 25 13 0 002 0 12 141
l May pond 110 000 3 0 25 12 0002 0 28 130
l Jun pond 55 000 6 0 25 23 0 002 040 250
l Jul pond 53 000 6 0 25 23 0002 0 95 250
l Aug pond 52 000 6 0 25 23 0 002 0 72 250
l Sep pond 50 000 6 0 25 23 0 002 1 27 250

q 1 0ct pond 49 850 6 0 25 23 0 002 1 87 250

Ul l Nov pond 48 150 6 0 25 23 0 002 2 29 250
1 Dec pond 46 600 6 0 25 23 0 002 2 39 250
l Jan pond 45 000 6 0 25 23 0 002 4 27 250
1 Feb pond 43 500 6 0 25 23 0 002 4 44 250
1 Mar pond 42 150 6 025 23 0002 4 62 250
1 Apr pond 40 750 6 0 25 23 0 002 4 79 250
1 May pond 39450 6 0 25 23 0 002 542 250
l Jun pond 38 100 6 0 25 23 0 002 6 75 250
1 Jul pond 36 850 6 0 25 23 0 002 8 64 250
1 Aug pond 35 650 6 0 25 23 0 002 11 67 250
l Sep pond 34 450 6 0 25 23 0 002 14 70 250
1 0ct pond 33 300 6 0 25 23 0 002 17 41 250
l Nov pond 32 200 6 0 25 23 0 002 18 95 250
1 Dec pond 31 150 6 0 25 23 0 002 19 08 250
1 Jan pond 30 100 6 0 25 23 0 002 19 18 250
l Feb pond 29 100 6 0 25 23 0 002 19 26 250
l Mar pond 28 200 6 0 25 23 0 002 19 41 250
l Apr release 27 250 6 0 25 23 0 002 19 50 250

FishPro Inc 7 23 92



Table

Species
Rearing Method

Water Supply

A 13

Colorado Squawfish
Extensive Cunure

Surface Water

List of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size cf

Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor WIL 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987Ul
N

6500

8 20

0 0002

5 06

0 25

0 35

110000

Width 1 5

Colorado Squawfish
13

L inches 0 20 9 14E 04

L inches 1 20 2 96E 04

L inches 2 00 5 08E 04

Monthly Temp Units per inch of growth 100

Mortality rate month 3 30

Minimum oxygen level allowed mgI 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

i

Depth 0 75

7 23 92



Table A 14

Species Razorback Sucker

Rearing Method Extensive Culture
Water Supply Surface Water

Date Day Event Average Percent length Fish Fish per Number Weight Number Weight
Temp of Feed Inches Weight Pound of Ash Released of Ash On Station

oF Ration Ib Released Ib On Station Ib

1 Mar 1 troughs 43 7 100 0 33 0 00 30435 0 0 255 522 8
1 Apr 32 ponds 504 100 0 42 0 00 15 125 0 0 249 012 16
l May 62 58 6 100 0 61 0 00 4 821 0 0 242 873 50
l Jun 93 63 5 100 0 95 0 00 1 275 0 0 236 685 186
l Jul 123 70 5 100 136 0 00 1 343 0 0 230 850 172
l Aug 154 66 6 100 1 90 0 00 491 0 0 224 968 458q l Sep 185 624 100 2 38 0 01 167 0 0 219 237 1 315

VI 1 0ct 215 52 9 100 2 77 0 01 105 0 0 213 832 2 027w
1 Nov 246 43 0 100 3 01 0 01 82 0 0 208 384 2 542
l Dec 276 34 0 100 3 08 0 01 76 0 0 203 246 2 661
l Jan 307 32 2 100 3 13 0 01 73 0 0 198 068 2 722
l Feb 338 34 5 100 3 18 0 01 69 0 0 193 022 2 781
l Mar 366 43 7 100 3 23 0 02 66 0 0 188 580 2 848
1 Apr 397 50 4 100 3 32 0 02 61 0 0 183 776 3 004
l May 427 58 6 100 3 51 0 02 52 0 0 179 245 3472
l Jun 458 63 5 100 3 85 0 03 39 0 0 174 679 4466
l Jul 488 70 5 100 4 26 0 03 29 0 0 170 372 5 897
l Aug 519 66 6 100 4 80 0 05 20 0 0 166 031 8 230
l Sep 550 62 4 100 5 28 0 07 15 0 0 161 801 10 641
1 0et 580 52 9 100 5 67 0 08 12 0 0 157 812 12 864
l Nov 611 43 0 100 5 91 0 09 11 0 0 153 792 14 214
1 Dec 641 release 34 0 100 5 99 0 10 10 150 000 14 376 0 0

Total Number of Fish Released and Weight Ib 150 000 14 376

FishPro Inc
7 23 92



Table A 14

Species Razorback Sucker

Rearing Method Extensive Culture

Water Supply Surface Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat Saturation Oxygen Conversion Artificial Feed

mgn mgJI Ib

l Mar 988 95 9 38 2 3 0

1 Apr 9 04 95 8 59 2 3 1

l May 8 22 95 7 81 2 3 3

l Jun 7 82 95 7 43 2 3 9

l Jul 7 32 95 6 96 2 3 9

l Aug 7 59 95 7 21 2 3 23
q l Sep 7 90 95 7 51 23 66

Ul 1 0ct 8 77 95 8 33 2 3 101

1 Nov 9 98 95 9 48 23 127

l Dec 11 56 95 10 98 23 133

1 Jan 11 96 95 11 36 23 136

l Feb 11 45 95 10 87 2 3 139

1 Mar 988 95 9 38 2 3 142

1 Apr 904 95 8 59 2 3 150

l May 8 22 95 7 81 2 3 174

1 Jun 7 82 95 7 43 23 223

l Jul 7 32 95 6 96 2 3 295

1 Aug 7 59 95 7 21 2 3 411

l Sep 7 90 95 7 51 2 3 532
1 0ct 8 77 95 8 33 2 3 643

l Nov 9 98 95 9 48 2 3 711

1 Dec 11 56 95 10 98 2 3 0

Total Feed Required Ib 4 029

FishPro Inc 7 23 92



Table A 14

Species Razorback Sucker

Rearing Method Extensive Cuhure
Waler Supply Surface Water Based on Changeovers

Date Location Surface Area Required Container Required Change Carrying Required
or Density Space Area Units Capacity Aowovers

Ib cf or fishac cf or ac cf or ac per Hour Ib gpm gpm

l Mar troughs 0 43 20 5 06 4 2 000 1 66 5
1 Apr pond 110 000 2 0 25 10 0 002 0 15 109
1 May pond 110 000 2 0 25 9 0 002 0 52 98
1 Jun pond 50 000 5 0 25 19 0 002 0 90 206
1 Jul pond 50 000 5 0 25 19 0 002 0 83 206
l Aug pond 49 000 5 0 25 19 0 002 2 22 206

q l Sep pond 48 000 5 0 25 19 0 002 6 37 206
Ul 1 0ct pond 47 000 5 0 25 19 0 002 9 82 206
Ul

l Nov pond 46 000 5 0 25 19 0 002 12 32 206
1 Dec pond 45 000 5 0 25 19 0002 12 90 206
1 Jan pond 44 000 5 0 25 19 0 002 13 19 206
1 Feb pond 42 500 5 0 25 19 0002 13 48 206
l Mar pond 41 000 5 0 25 19 0 002 13 80 206
1 Apr pond 40 000 5 0 25 19 0 002 14 56 206
l May pond 39 000 5 0 25 19 0002 16 83 206
1 Jun pond 38 000 5 0 25 19 0 002 21 64 206
1 Jul pond 37 000 5 0 25 19 0 002 28 57 206
1 Aug pond 36 000 5 0 25 19 0 002 39 88 206
l Sep pond 35 000 5 0 25 19 0 002 51 57 206
1 0ct pond 34 000 5 0 25 19 0 002 62 34 206
1 Nov pond 33 000 5 0 25 19 0 002 68 88 206
l Dec release 32 000 5 0 25 19 0 002 69 67 206

FishPro Inc
7 23 92



Table

Species
Rearing Method

Water Supply

A 14

Razorback Sucker

Extensive Culture

Surface Water

List of Assumptions

q

Site Parameters

Elevation 11 above MSL

Maximum pH
Inflow un ionized ammonia NH3 mg I

Trough size cl
Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987
VI
0

6500

8 20

0 0002

5 06

0 25

0 35

11 0000

Width 1 5

Razorback Sucker

14

L inches 0 20 9 14E 04

L inches 1 20 2 96E 04

L inches 2 00 447E 04

Monthly Temp Units per inch of growth 60

Mortality rate month 2 50

Minimum oxygen level allowed mgI 5 00

Nitrogen loading Ibs N lbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Depth 0 75

7 23 92



Table A 15

Species BonytaU Chub

Rearing Method Extensive Cunure
Water Supply Surface Water

Date Day Event Average Percent Length Fish Fish per Number Weight Number Weight
Temp of Feed Inches Weight Pound of Fish Released of Fish On Station

oF Ration Ib Released Ib On Station Ib

q
l May 1 troughs 58 6 100 0 33 0 000 30 435 0 0 170 372 6
1 Jun 32 ponds 63 5 1 00 0 91 0 001 1 435 0 0 166 031 116

VI l Jul 62 70 5 100 1 62 0 002 561 0 0 161 938 289J

1 Aug 93 66 6 100 2 54 0 005 209 0 0 157 812 754
1 Sep 124 624 1 00 3 36 0 011 91 0 0 153 792 1 690
1 0ct 154 release 52 9 100 4 03 0 019 53 150 000 2 847 0 0

Total Number of Fish Released and Weight Ib 150 000 2 847

FishPro Inc
7 23 92



Table A 15

Species BonytaU Chub

Rearing Method Extensive CuRure

Water Supply Surface Water

Date Oxygen at Oxygen Inflow Food Required
100 Sat SaturaUon Oxygen Conversion Artificial Feed

mgll mgll Ib

C 1 May 8 22 95 7 81 2 30 0

l Jun 7 82 95 7 43 2 30 6
VI 1 Jul 7 32 95 6 96 2 30 1400

1 Aug 7 59 95 7 21 2 30 38

1 Sep 7 90 95 7 51 2 30 84
1 0ct release 95 8 33 2 30 0

Total Feed Required Ib 143

FishPro Inc 7 23 92



Table A 15

Species Bonytall Chub

Rearing Method Extensive Cuhure
Water Supply Surface Water

Based on Changeovers
Date Location Surface Area Required Container Required Change Carrying Required

or Density Space Area Units overs Capacity Aow
Iblcf or fishac cf or ac cf or ac per Hour Ib gpm gpm

q
l May troughs 0 43 13 5 06 3 2 000 148 4
l Jun pond 110 000 2 0 25 7 0 002 1 45 80

Ul 1 Jul pond 110 000 1 0 25 6 0 002 4 22 680

1 Aug pond 50 000 3 0 25 13 0 002 5 09 148
1 Sep pond 50 000 3 0 25 13 0 002 11 40 148
1 0ct release 49 000 3 0 25 13 0 002 19 20 148

FishPro Inc
7 23 92



Table

Species
Rearing Method

Water Supply

A 15

Bonytall Chub

Extensive Cufture

Surface Water

List of Assumptions

q

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgI

Trough size cu n

Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor WIL 3 formula using Dexter NFH data

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5

Pond size set by TAC

Hamman 1987

Hamman 19870
o

6500

8 20

0 0002

5 06

0 25

0 40

110000

Depth 1 5

BonytaiJ Chub

16

L inches 0 20 9 14E 04

L Inches 1 00 4 23E 04

L inches 2 00 2 90E 04

Monthly Temp Units per inch of growth 35

Mortality rate month 2 50

Minimum oxygen level allowed mgll 5 00

Nitrogen loading Ibs Nflbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Width 075

7 2392



Table A 16

Species Humpback Chub

Rearing Method Extensive Culture
Water Supply Surface Water

Date Day Event Average Percent length Ash Ash per Number Weight Number Weight
Temp of Feed Inches Weight Pound of Ash Released of Ash On Station

oF Raton Ib Released I b On Staton Ib

q
1 May 1 troughs 58 6 100 0 33 0 000 30435 0 0 170 372 6
1 Jun 32 ponds 63 5 100 0 91 0 001 1 435 0 0 166 031 116

0 1 Jul 62 70 5 100 1 62 0 001 801 0 0 161 938 202
1 Aug 93 66 6 100 2 54 0 007 145 0 0 157 812 1 089
1 Sep 124 62 4 100 3 36 0 016 63 0 0 153 792 2441
1 0ct 154 release 52 9 100 4 03 0 027 36 150 000 4 113 0 0

Total Number of Fish Released and Weight Ib 150 000 4 113

FishPro Inc
7 23 92



Table A 16

Species Humpback Chub

Rearing Method Extensive Culture

Water Supply Surface Water

Date Oxygen at Oxygen Inflow Food Require
100 Sat Saturation Oxygen Conversion Artificial Feed

mgJI mgJI Ib
q

0 1 May 8 22 95 7 81 2 3 0
N

1 Jun 7 82 95 7 43 2 3 6
1 Jul 7 32 95 6 96 2 3 10
1 Aug 7 59 95 7 21 2 3 54
1 Sep 7 90 95 7 51 2 3 122
1 0ct 8 77 95 8 33 2 3 0

Total Feed Required Ib 193

FishPro Inc
7 23 92



Table A 16

Species Humpback Chub

Rearing Method Extensive Culture
Water Supply Surface Water

Based on Changeovers
Date Location Surface Area Required Container Required Change Carrying Required

or Density Space Area Units overs Capacity Aow
Oblcf or fishac cf or ac cf or ac per Hour Iblgpm gpm

1 May troughs 0 43 13 5 3 2 000 1 48 4
q l Jun pond 110 000 2 0 7 0 002 1 52 76

l Jul pond 110 000 1 0 6 0 002 3 10 650 l Aug pond 50 000 3 0 13 0 002 7 72 141
w

l Sep pond 50 000 3 0 13 0 002 17 29 141
1 0et release 49 000 3 0 13 0 002 29 13 141

FishPro Inc
7 2392



Table

Species
Rearing Method

Water Supply

A 16

Humpback Chub

Extensive Culture

Surface Water

List of Assumptions

o

Site Parameters

Elevation ft above MSL

Maximum pH
Inflow un ionized ammonia NH3 mgJ

Trough size cu ft

Pond size ac

Fish length at transfer to ponds in

Swimup Fry Stocking Density fishlac

Species Parameters

Species
Species Code

C factor W L 3 formula using Dexter NFH data

0

Reference

Task 7 Datasheet

Task 7 Datasheet

Assumed

Length 4 5

Pond size set by TAC

Hamman 1987

Hamman 1987

1 5

6500

8 20

0 0002

5 06

0 25

0 40

110000

Width

Humpback Chub

15

L inches 0 20 9 14E 04

L inches 1 20 2 96E 04
L inches 2 00 4 19E 04

Monthly Temp Units per inch of growth 35

Mortality rate month 2 50

Minimum oxygen level allowed mgI 5 00

Nitrogen loading Ibs Nllbs food 0 032

Required feed based upon 5 supplemental per pound

Calculated from data supplied by Biowest

Hamman 1987

Environmentally determined due to temp limits

Piper et al 1986 Fish Hatchery Management
Hamman 1987

FishPro Inc

Depth 0 75

7 23 92



APPENDIX H

FACILITY LAYOUT DRAWINGS



FACILITY LAYOUT DRAWINGS

1 Site Plan Scenario 2 Warm Well Water
2 Hatchery Building Scenario 2
3 Research Building
4 Maintenance Storage Building
5 Broodstock Building
6 Quarantine Building
7 Visitor Aquarium Facility
8 Rearing Pond 25 Acre
9 Brood Rearing Pond
10 Outside Research Area
11 Monitoring and Alarm Diagram
12 Site Plan Scenario 1 Warm Well Water
13 Hatchery Building Scenario 1
14 Site Plan Scenario 3 Warm Well Water
15 Hatchery Building Scenario 3
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APPENDIX I

ESTIMATES OF PROBABLE COSTS



ESTIMATES OF PROBABLE COSTS

Scenario 1 Page

C 1 Itemized Cost Estimate Warm Well Water 1 1

C 2 Summary Warm Well Water 1 5
C 3 Itemized Cost Estimate Cold Well Water 1 6

CA Summary Cold Well Water 1 10

C 5 Itemized Cost Estimate Surface Water 1 11

C 6 Summary Surface Water 1 15

Scenario 2

C 7 Itemized Cost Estimate Warm Well Water 1 16
C 8 Summary Warm Well Water 1 20
C 9 Itemized Cost Estimate Cold Well Water 1 21

C 10 Summary Cold Well Water 1 25
C 11 Itemized Cost Estimate Surface Water 1 26
C 12 Summary Surface Water 1 30

Scenario 3

C 13 Itemized Cost Estimate Warm Well Water 1 31
C 14 Summary Warm Well Water 1 35
C 15 Itemized Cost Estimate Cold Well Water 1 36
C 16 Summary Cold Well Water 1 40
C 17 Itemized Cost Estimate Surface Water 1 41
C 18 Summary Surface Water 1 45
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Table C 1 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

16 Brood Ponds 025 acre

Pond 20 EA 25 000 00 500 000

Lining 20 EA 32 500 00 650 000

Predation Control 20 EA 7 000 00 140 000

1290 000

17 Outside Research

12 Circulars 4EA 2 500 00 10 000

4 Circulars 8EA 500 00 4 000

Experimental Channels 2EA 50 000 00 100 000

Experimental Ponds 10 Acre 2EA 24 500 00 49 000

163 000

18 Hatchery Effluent Treatment

1 4 Acre PreTreatment 1 EA 18 000 00 18 000

Pond Lined

1 2 Acre Effleunt Ponds Lined 3EA 30 000 00 90 000

Effluent Screening 1 LS 32 000 00 32 000

140 000

19 Hatchery Rearing Water Supply
Well Supply

Well Screens Pump 4EA 150 000 00 600 000 600 000

Isolation Valve Row Meters

and Vaults

20 Yard Piping
Pond Drains Laterals 1 LS 294 000 00 294 000

Process Water Unes 1 LS 310 000 00 310 000

Process Water Hydrant System 1 LS 24 000 00 24 000

628 000

21 Oxygen System

Bulk Storage Tank 1 LS 150 000 00 150 000

Piping System 1 LS 41 000 00 41 000

191 000

22 Monitoring and Alarm System
Intrusion 1 LS 60 000 00 60 000

Instrumentation Package 1 LS 321 000 00 321 000

Levels Oxygen Temperature 381 000

Controller

1 3



Total

Contingency 25

Total with Contingency

12 893 875

3 223 500

16 117 000

Incfudes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

1 4



Table C 2 Estimate of Probable Costs Summary

Scenario 1 150 000 Fish Intensive Extensive with Warm Well Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

550 020

nO OOO

483 040

2280 555

1 389 420

155 940

126 500

158400
172 500

149 000

125 000

30 500

1 815 000

213 000

124 000

1 290 000

163 000

140 000

600 000

628 000

191 000

381 000

398 000

445 000

115 000

Total 12 893 875

Contingency 25 3223469

Total with Contingency 16 117 000

I 5



Table C 3 Estimate of Probable Costs Itemized

Scenario 1 150 000 Fish IntensiveExtensive with Cold Well Water

ITEM QUANTITY UNIT COST EXTENSION TOTALS

1 Site Work

Strip Clear Grub 59 7 AC 1 000 00 59 700

Grading 86 600 SY 0 50 43 300

Walkways 1 775 SY 9 00 15 975

Asphalt Road and Parking 10 890 SY 10 50 114 345

Gravel Roads 35 000 SY 4 00 140 000

SignagelAag Pole 1 LS 20 000 00 20 000

Landscaping 1 LS 55 000 00 55 000

Stormwater Control 1 LS 20 000 00 20 000

Fencing 7 000 LF 19 50 136 500

604 820

2 Utilities

Potable Water System 1 LS 90 000 00 90 000

Domestic Wastewater Tmnt Sys 1 LS 55 000 00 55 000

Sewerage 1 LS 140 000 00 140 000

Site Electricity
Primary Power 1 LS 30 000 00 30 000

Secondary Power 1 LS 340 000 00 340 000

Yard Lighting 1 LS 90 000 00 90 000

Communications Systems 1 LS 25 000 00 25 000

770 000

3 Residences

Building 4EA 117 000 00 468 000

LandscapingFence 4EA 3 760 00 15 040

483 040

4 Hatchery Building

Administrative Area 5 585 SF 85 00 474 725

Production Area 18 945 SF 94 00 1 780 830
Freezer 1 LS 25 000 00 25 000

2280 555

5 Research Building

General Use Area 12 688 SF 90 00 1 141 920

Laboratories 2 250 SF 110 00 247 500

1 389 420

6 Broodstock Building

Administrative 460 SF 75 00 34 500

Production Area 2 208 SF 55 00 121 440

155 940

1 6



Table C 3 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

7 Quarantine Building

Building 2 300 SF 55 00 126 500 126 500

8 MaintenanceStorage Building

Building 2 880 SF 55 00 158400 158 400

9 Visitor Aquarium Facility

Building 1 900 SF 75 00 142 500

Display Equipment 1 LS 30 000 00 30 000

172 500

10 Emergency Power Generator

Building 900 SF 60 00 54 000

Generator 1 LS 55 000 00 55 000

Electrical 1 LS 40 000 00 40 000

149 000

11 Gas Stabilization Tower 1 LS 125 000 00 125 000 125 000

12 Miscellaneous Structures

Truck Fill Station 1 EA 11 000 00 11 000

Disinfection Station 1 EA 12 000 00 12 000

Sumps Misc 5EA 1 500 00 7 500

30 500

13 Production Ponds 1 4 Acre

Pond 48 EA 25 000 00 1200 000

Uning 48EA 16 000 00 768 000

Outlet Structure Kettle 48EA 12 500 00 600 000

Predation Control 48EA 7 000 00 336 000

2904 000

14 Production Ponds 1J2 Acre

Pond 3EA 50 000 00 150 000

Uning 3EA 32 000 00 96 000

Outlet Structure Kettle 3EA 12 500 00 37 500

Predation Control 3EA 12 000 00 36 000

319 500

15 Brood Ponds 0 1 Acre

Pond 4EA 12 000 00 48 000

Uning 4EA 13 000 00 52 000

Predation Control 4EA 6 000 00 24 000

124 000

1 7
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Table C 3 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

23 Fish Rearing Equipment
14 Tanks 4EA 2 500 00 10 000

12 Tanks 42EA 2 000 00 84 000

4 Tanks 12 EA 400 00 4 800

4 112 X 1 1 2 Troughs 44EA 300 00 13 200

Incubation 2EA 1 500 00 3 000

Insect Prod 1 LS 17 000 00 17 000

Fish Prod 1 LS 8 000 00 8 000

Algae Prod 1 LS 17 000 00 17 000

Zooplankton 1 LS 17 000 00 17 000

Pathological Incinerator 1 LS 10 000 00 10 000

Misc Tanks Tables Troughs 2 LS 8 000 00 16 000

Feed Distribution Hatchery 1 LS 38 000 00 38 000

Feed Distribution Ponds 26 EA 5 000 00 130 000

368 000

24 Laboratory Equipment

Pathology 1 LS 70 000 00 70 000

Genetics 1 LS 250 000 00 250 000

Darkroom 1 LS 5 000 00 5 000

Mini Computer with Terminals 1 LS 120 000 00 120 000

446 000

25 Process Water Conditioning Equipment

Heating Equipment 1 LS 277 000 00 277 000

Degassing Equipment 1 LS 120 000 00 120 000

Cooling Equipment 1 LS 40 000 00 40 000

437 000

Total 14324 175

Contingency 25 3 581 044

Total with Contingency 17 905 000

Inciudes 9 5 A1E fees and 5 for permits
Rounded to nearest thousand

I 9



Table C 4 Estimate of Probable Costs Summary

Scenario 1 150 000 Fish IntensiveExtensive with Cold Well Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

Total

Contingency 25

Total with Contingency

I 10

604 820

nO ooO

483 040

2280 555

1 389420

155 940

126 500

158 400

172 500

149 000

125 000

30 500

2 904 000

319 500

124 000

1 290 000

163 000

140 000

400 000

668 000

201 000

419 000

368 000

445 000

437 000

14 324 175

3 581 044

17 905 000



Table C S Estimate of Probable Costs Itemized

Scenario 1 150 000 Fish IntensiveExtensive with Surface Water

ITEM QUANTITY UNIT COST EXTENSION TOTALS

1 Site Work

Strip Clear Grub 62 5 AC 1 000 00 62 500

Grading 90 700 SY 0 50 45 350

Walkways 1 n5 SY 9 00 15 975

Asphalt Road and Parking 10 890 SY 10 50 114 345

Gravel Roads 38 000 SY 4 00 152 000

SignagelFJag Pole 1 LS 20 000 00 20 000

Landscaping 1 LS 55 000 00 55 000

Stormwater Control 1 LS 20 000 00 20 000

Fencing 7 200 LF 19 50 140 400

625 570

2 Utilities

Potable Water System 1 LS 90 000 00 90 000

Domestic Wastewater Tmnt Sys 1 LS 55 000 00 55 000

Sewerage 1 LS 140 000 00 140 000

Site Electricity
Primary Power 1 LS 30 000 00 30 000

Secondary Power 1 LS 340 000 00 340 000

Yard Lighting 1 LS 90 000 00 90 000

Communications Systems 1 LS 25 000 00 25 000

770 000

3 Residences

Building 4EA 117 000 00 468 000

LandscapingFence 4EA 3 760 00 15040

483 040

4 Hatchery Building

Administrative Area 5 585 SF 85 00 474 725
Production Area 18 945 SF 94 00 1 780 830

Freezer 1 LS 25 000 00 25 000

2280 555

5 Research Building
General Use Area 12 688 SF 90 00 1 141 920

Laboratories 2 250 SF 110 00 247 500

1389 420

6 Braodstock Building

Administrative 460 SF 75 00 34 500

Production Area 2 208 SF 55 00 121 440

155 940

1 11
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Table C 6 Estimate of Probable Costs Summary

Scenario 1 150 000 Fish Intensiveextensive with Surface Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

Total

Contingency 25

Tota with Contingency

I 15

625 570

770 000

483 040

2280 555

1 389420
155 940

126 500

158 400

172 500

149 000

125 000

30 500

3 267 000

426 000

124 000

1 290 000

163 000

140 000

1 161 000

686 000

204 000

433 000

528 000

445 000

535 500

15 868 925

3 967 231

19 836 000



Table C 7 Estimate of Probable Costs Itemized

Scenario 2 300 000 Fish IntensiveExtensive with Warm Well Water

ITEM QUANTITY UNIT COST EXTENSION TOTALS

1 Site Work

Strip Clear Grub 67 1 AC 1 000 00 67 100

Grading 92 900 SV 0 50 46 450

Walkways 1 n5 SV 9 00 15 975

Asphalt Road and Parking 10 890 SY 10 50 114 345

Gravel Roads 34 100 SY 4 00 136 400

SignageRag Pole 1 LS 20 000 00 20 000

Landscaping 1 LS 60 000 00 60 000

Stormwater Control 1 LS 25 000 00 25 000

Fencing 7 700 LF 19 50 150 150

635 420

2 Utilities

Potable Water System 1 LS 90 000 00 90 000

Domestic Wastewater Tmnt Sys 1 LS 55 000 00 55 000

Sewerage 1 LS 140 000 00 140 000

Site Electricity
Primary Power 1 LS 30 000 00 30 000

Secondary Power 1 LS 340 000 00 340 000

Yard Lighting 1 LS 100 000 00 100 000

Communications Systems 1 LS 30 000 00 30 000

785 000

3 Residences

Building 4EA 117 000 00 468 000

LandscapingFence 4EA 3 760 00 15 040

483 040

4 Hatchery Building

Administrative Area 5 585 SF 85 00 474 725

Production Area 30 795 SF 94 00 2 894 730

Freezer 1 LS 35 000 00 35 000

3404 455

5 Research Building

General Use Area 12 688 SF 90 00 1 141 920

Laboratories 2 250 SF 110 00 247 500

1389 420

6 Broodstock Building

Administrative 460 SF 75 00 34 500

Production Area 2 208 SF 55 00 121 440

155 940

1 16



Table C 7 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

7 Quarantine Building

Building 2 300 SF 55 00 126 500 126 500

8 MaintenanceStorage Building

Building 2 880 SF 55 00 158400 158 400

9 Vlsltor Aquarium Facility

Building 1 900 SF 75 00 142 500

Display Equipment 1 LS 30 000 00 30 000

172500

10 Emergency Power Generator

Building 900 SF 60 00 54 000

Generator 1 LS 55 000 00 55 000

ElectricaJ 1 LS 40 000 00 40 000

149 000

11 Gas Stabilization Tower 1 LS 125 000 00 125 000 125 000

12 MlscetlanBOus Structures

Truck Fill Station 1 EA 11 000 00 11 000

Disinfection Station 1 EA 12 000 00 12 000

Sumps Misc 5EA 1 500 00 7 500

30 500

13 Production Ponds 1 4 Acre

Pond 60 EA 25 000 00 1 500 000

Lining 60 EA 16 000 00 960 000

Outlet Structure Kettle 60 EA 12 500 00 750 000

Predation Control 60 EA 7 000 00 420 000

3 630 000

14 Production Ponds 12 Acre

Pond 4EA 50 000 00 200 000

Lining 4EA 32 000 00 128 000

Outlet Structure Kettle 4EA 12 500 00 50 000

Predation Control 4EA 12 000 00 48 000

426 000

15 Brood Ponds 0 1 Acre

Pond 4EA 12 000 00 48 000

Lining 4EA 13 000 00 52 000

Predation Control 4EA 6 000 00 24 000

124 000

1 17
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Total

Contingency 25

Total with Contingency

16 944875

4 236 219

21 181 000

Includes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

I 19



Table C B Estimate of Probable Costs Summary

Scenario 2 300 000 Fish Intensive Extensive with Warm Well Water

1 Site W rk

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Suppiy
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 laboratory Equipment
25 Process Water Conditioning Equipment

635 420

786 000

483 040

3 404 455

1 389 420

155 940

126 500

158 400

172 500

149 000

125 000

30 500

3 630 000

426 000

124 000

1290 000

163 000

140 000

900 000

692 000

207 000

445 000

667 700

445 000

200 000

Total 16 944 875

Contingency 25 4 236 219

Total with Contingency 21 181 000

1 20
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Table C 9 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

23 Fish Rearing Equipment
14 Tanks 4EA 2 500 00 10 000

12 Tanks 80 EA 2 000 00 160 000

4 Tanks 26 EA 400 00 10 400

41 2 X 1 1 2 Troughs 56 EA 300 00 16 800

Incubation 3EA 1 500 00 4 500

Insect Prod 1 LS 20 000 00 20 000

Rsh Prod 1 LS 10 000 00 10 000

Algae Prod 1 LS 20 000 00 20 000

Zooplankton 1 LS 20 000 00 20 000

Pathological Incinerator 1 LS 10 000 00 10 000

Misc Tanks Tables Troughs 2 LS 8 000 00 16 000

Feed Distribution Hatchery 1 LS 50 000 00 50 000

Feed Distribution Ponds 102 EA 5 000 00 510000

857 700

24 Laboratory Equipment

Pathology 1 LS 70 000 00 70 000

Genetics 1 LS 250 000 00 250 000

Darkroom 1 LS 5 000 00 5 000

Mini Computer with Terminals 1 LS 120 000 00 120 000

446 000

25 Process Water Conditioning Equipment
Heating Equipment 1 LS 395 000 00 395 000

Degassing Equipment 1 LS 220 000 00 220 000

Cooling Equipment 1 LS 70 000 00 70 000

685 000

Total 20 180 100

Contingency 25 5 045 025

Total with Contingency 25225 000

Includes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

1 24



Table C 1 O Estimate of Probable Costs Summary

Scenario 2 300 000 Fish IntensiveExtensive with ColdWell Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

743 645

785 000

483 040

3 404 455

1 389420
155 940

126 500

158400
172 500

149 000

125 000

30 500

5 808 000

639 000

124 000

1290 000

163 000

140 000

700 000

858 000

226 000

521 000

857 700

445 000

685 000

Total 20 180 100

Contingency 25 5 045 025

Total with Contingency 25 225 000

1 25
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Table C 11 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

7 Quarantine Building

Building 2 300 SF 55 00 126 500 126 500

8 MaintenanceStorage Building

Building 2 880 SF 55 00 158400 158 400

9 Visitor Aquarium Facility

Building 1 900 SF 75 00 142 500

Display Equipment 1 LS 30 000 00 30 000

172 500

10 Emergency Power Generator

Building 900 SF 60 00 54 000

Generator 1 LS 55 000 00 55 000

Electrical 1 LS 40 000 00 40 000

149 000

11 Gas Stabilization Tower 1 LS 125 000 00 125 000 125 000

12 Miscellaneous Structures

Truck RII Station 1 EA 11 000 00 11 000

Disinfection Station 1 EA 12 000 00 12 000

Sumps Misc SEA 1 500 00 7 500

30 500

13 Production Ponds 14 Acre

Pond 108 EA 25 000 00 2 700 000

Lining 108 EA 16 000 00 1 728 000

Outlet Structure Kettle 108 EA 12 500 00 1 350 000

Predation Control 108 EA 7 000 00 756 000

6534 000

14 Production Ponds 12 Acre

Pond 8EA 50 000 00 400 000

Lining 8EA 32 000 00 256 000

Outlet Structure Kettle 8EA 12 500 00 100 000

Predation Control 8EA 12 000 00 96 000

852 000

15 Brood Ponds 0 1 Acre

Pond 4EA 12 000 00 48 000

Lining 4EA 13 000 00 52 000

Predation Control 4EA 6 000 00 24 000

124 000

1 27
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Table C 11 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

23 Fish Rearing Equipment
14 Tanks 4EA 2 500 00 10 000

12 Tanks 80 EA 2 000 00 160 000

4 Tanks 26 EA 400 00 10 400

41 2 X 1 1 2 Troughs 56 EA 300 00 16 800

Incubation 3EA 1 500 00 4 500

Insect Prod 1 LS 20 000 00 20 000

Rsh Prod 1 LS 10 000 00 10 000

Algae Prod 1 LS 20 000 00 20 000

Zooplankton 1 LS 20 000 00 20 000

Pathological Incinerator 1 LS 10 000 00 10 000

Misc Tanks Tables Troughs 2 LS 8 000 00 16 000

Feed Distribution Hatchery 1 LS 50 000 00 50 000

Feed Distribution Ponds 116 EA 5 000 00 580 000

927 700

24 Laboratory Equipment

Pathology 1 LS 70 000 00 70 000

Genetics 1 LS 250 000 00 250 000
Darkroom 1 LS 5 000 00 5 000
Mini Computer with Terminals 1 LS 120 000 00 120 000

446 000

25 Process Water Conditioning Equipment
Heating Equipment 1 LS 588 500 00 588 500

Degassing Equipment 1 LS 220 000 00 220 000

Cooling Equipment 1 LS 220 000 00 220 000

1 028 500

Total 22 276825

Contingency 25 5 569 206

Total with Contingency 27 84 000

Includes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

1 29



Table C 12 Estimate of Probable Costs Summary

Scenario 2 300 000 Rsh IntensiveExtensive with Surface Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 0 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Rsh Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

Total

Contingency 25

Total with Contingency

1 30

784 870

785 000

483 040

3 404 455

1 389420

155 940

126 500

158 400

172 500

149 000

125 000

30 500

6 534 000

852 000

124 000

1290 000

163 000

140 000

1 340 000

886 000

233 000

549 000

927 700

445 000

1 028 500

22 276 825

5 569 206

27 84 000
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Table C 13 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

7 Quarantine Building

Building 2 300 SF 55 00 126 500 126 500

8 MaintenanceStorage Building

Building 2 8S0 SF 55 00 158400 158400

9 Visitor Aquarium Facility

Building 1 900 SF 75 00 142 500

Display Equipment 1 LS 30 000 00 30 000

172 500

10 Emergency Power Generator

Building 900 SF 60 00 54 000

Generator 1 LS 55 000 00 55 000

Electrical 1 LS 40 000 00 40 000

149 000

11 Gas Stabilization Tower 1 LS 125 000 00 125 000 125 000

12 Miscellaneous Structures

Truck RII Station 1 EA 11 000 00 11 000

Disinfection Station 1 EA 12 000 00 12 000

Sumps Misc SEA 1 500 00 7 500

30 500

13 Production Ponds 1 4 Acre

Pond 120 EA 25 000 00 3 000 000

Lining 120 EA 16 000 00 1 920 000

Outlet Structure Kettle 120 EA 12 500 00 1 500 000

Predation Control 120 EA 7 000 00 840 000

7260 000

14 Production Ponds 12 Acre

Pond SEA 50 000 00 400 000

Lining SEA 32 000 00 256 000
Outlet Structure Kettle SEA 12 500 00 100 000
Predation Control SEA 12 000 00 96 000

862 000

15 Brood Ponds 0 1 Acre

Pond 4EA 12 000 00 4S OOO

Lining 4EA 13 000 00 52 000
Predation Control 4EA 6 000 00 24 000

124 000

1 32
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Table C 13 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

23 Fish Rearing Equipment
14 Tanks 4EA 2 500 00 10 000

12 Tanks 146 EA 2 000 00 292 000

4 Tanks 30 EA 400 00 12 000

4 1 2 X 1 1 2 Troughs 82EA 300 00 24 600

Incubation 5EA 1 500 00 7 500

Insect Prod 1 LS 20 000 00 20 000

Rsh Prod 1 LS 10 000 00 10 000

Algae Prod 1 LS 20 000 00 20 000

Zooplankton 1 LS 20 000 00 20 000

Pathological Incinerator 1 LS 10 000 00 10 000

Misc Tanks Tables Troughs 2 LS 8 000 00 16 000

Feed Distribution Hatchery 1 LS 50 000 00 50 000

Feed Distribution Ponds 128 EA 5 000 00 640 000

1 132100

24 Laboratory Equipment

Pathology 1 LS 70 000 00 70 000

Genetics 1 LS 250 000 00 250 000

Darkroom 1 LS 5 000 00 5 000
Mini Computer with Terminals 1 LS 120 000 00 120 000

446 000

25 Process Water Conditioning Equipment

Cooling Equipment 1 LS 400 000 00 400 000 400 000

Total

Contingency 25

Total with Contingency

24 863 629

6 215 907

31 080 000

Includes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

1 34



Table C 14 Estimate of Probable Costs Summary

Scenario 3 600 000 Fish IntensiveExtensive with Warm Well Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 25 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Rsh Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

745 120

785 000

483 040

5 965 109

1 389420

155 940

126 500

158400

172 500

149 000

125 000

30 500

7260 000

852 000

124 000

1290 000

163 000

140 000

1 050 000

910 000

239 000

573 000

1 132 100

445 000

400 000

Total 24 863 629

Contingency 25 6215 907

Total with Contingency 31 080 000

1 35



1 36



1 37



1 38



1 39



Table C 16 Estimate of Probable Costs Summary

Scenario 3 600 000 Rsh IntensiveExtensive with Cold Well Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 025 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Fish Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

Total

Contingency 25

Total with Contingency

1 40

955 120

785 000

483 040

5 965 109

1 389 420

155 940

126 500

158400

172 500

149 000

125 000

30 500

11 616 000

1278 000

124 000

1290 000

163 000

140 000

800 000

1 152 000

277 000

725 000

1 512 100

445 000

1 316 000

31 333 629

7 833 407

39 167 000
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Table C 17 Continued

ITEM QUANTITY UNIT COST EXTENSION TOTALS

23 Fish Rearing Equipment
14 Tanks 4EA 2 500 00 10 000

12 Tanks 146 EA 2 000 00 292 000

4 Tanks 30 EA 400 00 12 000

4112 X 1 1 2 Troughs 82 EA 300 00 24 600

Incubation SEA 1 500 00 7 500

Insect Prod 1 LS 20 000 00 20 000

FISh Prod 1 LS 10 000 00 10 000

Algae Prod 1 LS 20 000 00 20 000

Zooplankton 1 LS 20 000 00 20 000

Pathological Incinerator 1 LS 10 000 00 10 000

Misc Tanks Tables Troughs 2 LS 8 000 00 16 000

Feed Distribution Hatchery 1 LS 50 000 00 50 000

Feed Distribution Ponds 232 EA 5 000 00 1 160 000

1 652100

24 Laboratory Equipment

Pathology 1 LS 70 000 00 70 000

Genetics 1 LS 250 000 00 250 000

Darkroom 1 LS 5 000 00 5 000

Mini Computer with Terminals 1 LS 120 000 00 120 000

445 000

25 Process Water Conditioning Equipment

Heating Equipment 1 LS 1 152 000 00 1 152 000

Degassing Equipment 1 LS 400 000 00 400 000

Cooling Equipment 1 LS 440 000 00 440 000

1 OOO

Total 34 947879

Contingency 25 8 736 970

Total with Contingency 43686 000

Includes 9 5 AlE fees and 5 for permits
Rounded to nearest thousand

1 44



Table C 18 Estimate of Probable Costs Summary

Scenario 3 600 000 Fish IntensiveExtensive with Surface Water

1 Site Work

2 Utilities

3 Residences

4 Hatchery Building
5 Research Building
6 Broodstock Building
7 Quarantine Building
8 MaintenanceStorage Building
9 Visitor Aquarium Facility
10 Emergency Power Generator

11 Gas Stabilization Tower

12 Miscellaneous Structures

13 Production Ponds 1 4 Acre

14 Production Ponds 1 2 Acre

15 Brood Ponds 0 1 Acre

16 Brood Ponds 025 acre

17 Outside Research

18 Hatchery Effluent Treatment

19 Hatchery Rearing Water Supply
20 Yard Piping
21 Oxygen System
22 Monitoring and Alarm System
23 Rsh Rearing Equipment
24 Laboratory Equipment
25 Process Water Conditioning Equipment

Total

Contingency 25

Total with Contingency

1 45

1 036 370

785 000

483 040

5 965 109

1 389 420

155 940

126 500

158 400

172 500

149 000

125 000

30 500

13 068 000

1 704 000

124 000

1290 000

163 000

140 000

1 519 000

1202 000

291 000

781 000

1 652100

445 000

1 992 000

34 947 879

8 736 970

43 685000
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