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State: Colorado Project No. F-394R10

Project Title:  Salmonid Disease Studies/ Whirling Dise&sesistant Rainbow Trout
Studies

Period Covered: July 1, 2006 June 302011
Project Objective: Development of rainbow trout brood stocks resistaiv to

cerebralisfor both hatchery and wild fish management
applications.

Job No. I Breeding and Maintenance of Whiling Disease Resistant Rainbow
Trout Stocks

Job Objective Rear and maintain stocks of whirling disease resistant rainbow trout
stocks.

Hatchery Production

The whirling disease resistant rainbow trout brood stocks reared at the Fish
Research Hatchery, Bellvue, CO (FRH) are unique and each requires physical isolation to
avoid unintentional mixing of stocks. Extreme caution is used through®utdhing
process and during esite spawning operations to ensure complete separation of these
different brood stocks. All lots of fish are uniquely-Glpped and some unique stocks
are individually marked with Passive Integrated Transponder (PITp&igee leaving
the main hatchery. This allows for definitive identification before the fish are
subsequently used for spawning.

Starting in the middle of October 2006, FRH personnel checked all of the'Hofer
(GR) and Harrison Lake brood fish (2,43and 5 yeaolds) weekly for ripeness.
Maturation is indicated by eggs or milt flowing freely with slight pressure applied to the
abdomen of the fish. The first females usually maturate two to four weeks after the first
group of males. As males aredifed, they are moved into a separate section of the
raceway to reduce handling and fighting injuries. On November 16, 2006 the fish from
the first group of GR females were ripe and ready to spawn. Before each fish was
spawned, it was examined for theper identification (firclip or PIT tag). This
procedure was repeated each time ripe females were spawned throughout the winter.

The wet spawning method was used, where eggs from the female are stripped into
a bowl along with the ovarian fluidAfter collecting the eggs, milt from several males is
added to the bowl. Water is poured into the bowl to activate the milt. The bowl of eggs
and milt is then covered and not disturbed for several minutes while the fertilization

! Hofer is used interchangeably with GR throughout this document to describe the
resistant strain of rainbow trout obtained in 2003 from facilities in Germany.



process takes place. @lkggs are then rinsed with fresh water to expel old sperm, feces,
egg shells and dead eggs. The eggs are then poured into an insulated cooler to water
harden for approximately one hour.

The watethardened fertilized (green eggs) from all the défe crosses of the
GR and Harrison Lake strains were moved to the FRH main hatchery building. Extreme
caution was used to keep each individual cross totally separate from all others. Upon
reaching the hatchery the green eggs are tempered and theectisir{(PVP lodine,
Western Chemical Inc., Ferndale, Washington, at 100 ppm for 10 minutes at a pH of 7).
Eggs were then put into vertical incubators (Heath Tray, Mari Source, Tacoma,
Washington) with 5 gpm of 12.2° C (54° F) of fkelarough water. The tal number of
eggs was calculated using number of eggs per ounce (Von Bayer trough count minus
10%) times total ounces of eggs. Separate dailyt@ges and specific individual crosses
were put into separate trays and recorded. To control fungus, egosecea
prophylactic flowthrough treatment of formalin (1,667 ppm for 15 minutes) every other
day until eyeup.

On the 14 day in the incubator at 12.2° C (54° F), the eggs reach the eyed stage
of development. The eyed eggs are removed fronrdlge &and physically shocked to
detect dead eggs, which turn white when disturbed. Dead eggs were removed (both by
hand and with a Van Gaalen fish egg sorter, VMG Industries, Grand Junction, Colorado)
on the 18 day. The total number of good eyed eggs ealculated using the number of
eggs per ounce times total ounces. On tiedky the eyed eggs were shipped via
insulated coolers to other state agency hatcheries. The whole process was repeated
throughout the spawning season with separate cros&R ahd Harrison Lake rainbow
trout.

The GR and Harrison Lake rainbow trout productiorsit@ spawn started on
November 16, 2006 with ripe GR females. The last group of Harrison Lake females was
spawned on February 1, 2007. With a goal in thedgproduce @ 200,000 eyed eggs,
the egg take far exceeded the production needs with over 442,500 eyed eggs produced
(Table 1.1). With the availability of both ripe males and females of several year classes
and combinations of previous years crossesaffllB2) of GR and Harrison Lake strains,
FRH personnel produced over 20 different lots during the spawn take. Surprisingly the
overall egg quality remained quite good withehg pickoff of only 26%. FRH
personnel were able to fill all GR egg requdstgColorado, California, and Utah for
both production and research directed projects in 2005 .



Table 11. Fish Research Hatcheoyrsite pawring informationfor GR and Harrison
Lake rainbow itout strains during the winter 20e8)07 spawningeason.

STRAIN DATE # OF # OF # OF SHIPPED
(CROSSES) SPAWNED SPAWNED | GREEN | EYED TO
FEMALES EGGS EGGS
100% GR 11/29/061/11/07 101 299,250 212,400 CO and CA State
Hatcheries/Research
75% GR 11/16/061/30/07 92 266,600| 202,300 CO andUT State
25% Harrison Lake Hatcheries/Research
50% GR 1/04/0#1/19/07 15 21,350 | 16,350 CO Hatcheries
50% Harrison Lake
100% Harrison Lakg 1/04/0%2/01/07 12 15,300 | 11,800 CO Hatcheries
Total 11/16/062/01/07 220 602,500 442,850

Table 1.2. Fish Research Hatcheoyrsite awring informationfor GR and Harrison
Lake rainbow tout strains during the winter 202008 spawning season.

STRAIN DATE # OF # OF # OF SHIPPED
(CROSSES) SPAWNED SPAWNED | GREEN EYED TO
FEMALES EGGS EGGS
100% 11/16/0712/14/07 32 98,600 78,400 CO Hatcheries/
GR Research
GR x 10/24/071/24/08 316 972,800 | 870,100| CO, CA and UT Statg
Harrison Lake Hatcheries/Researcl
100% 1/04/081/24/08 11 20,800 13,900 CO Hatcheries/
Harrison Lake Research
Total 10/24/0%1/24/08 359 1,092,200| 962,400




Table 1.3. Fish Research Hatchery-gsite spawning information for GRIL, GRxHL,
and GRXCRR rainbow trout strains during the winter 2889 spawning season.

STRAIN DATE # OF # OF # OF SHIPPED
(CROSSES) SPAWNED SPAWNED | GREEN EYED TO
FEMALES EGGS EGGS
100% 11/28/0712/24/08 48 122,700 | 121,200 CO Hatcheries/
GR Research
100% 12/24/08 5 12,100 10,600 CO Hatcheries/
Harrison Lake Research
GRxHL 11/20/081/10/09 263 466,200 | 359,700 CO, CA State
Hatcheries/Researcl
GRxHL* 12/6/08 47 141,000 CO, NV State
Hatcheries
GRxCRR* 12/5/08 54 194,500 CO State Hatcheries
GRXxCRR 11/13/081/9/09 141 389,200 | 362,200| CO State/lUSFWS
Hatcheries/Researcl
Total 11/13/081/10/09 558 1,325,700| 853,700| 86% Good Eggs to
Eye-up

*Green eggs shipped to Poudre Hietiyy, Poudre Canyon, CO.

Table 1.4. Fish Research Hatchery-gite spawning information for GR, HL, GRL,
and GRCRR rainbow trout strains during the winter 2810 spawning season

STRAIN DATE # OF # OF # OF SHIPPED
(CROSSES) SPAWNED SPAWNED | GREEN EYED TO
FEMALES EGGS EGGS
100% 12/24/0929/09 35 111,000 | 96,800 CO Hatcheries/
GR Research
100% 1/6/101/18/10 53 37,300 29,700 CO Research
Harrison Lake Hatchery
GRxHL 11/18/0912/29/09 141 183,400 | 170,900 CO Hatcheries/
Research
GRxCRR* 11/18/0912/29/09 134 393,000 CO State Hatcheries
GRXCRR 11/18/091/6/10 140 425,400 | 331,700| CO State/lUSFWS
Hatcheries/Researct
Total 11/18/091/18/10 503 1,150,100| 629,100| 83% Good Eggs to

Eye-up

*Green eggs shipped to Poudre Hatchery, Poudre Canyon, CO.



Table 1.5. Fish Research Hatchery-gite spawning information for GR, HL, GRL,
andGRXCRR rainbow trout strains during the winterl®@011 spawning season

STRAIN DATE # OF # OF # OF SHIPPED
(CROSSES) SPAWNED SPAWNED | GREEN EYED TO
FEMALES EGGS EGGS
100% 11/17/1623/10 102 186,846 | 145,231 CO Hatcheries/
GR Research
100% 1/20/1x2/14/11 31 28,882 24,796 CO Research
Harrison Lake Hatchery/lUSFWS
Hatcheries
GRxHL 12/04/1012/16/10 26 68,155 49,719 CO Hatcheries/
Research
GRXCRR 11/29/1012/13/10 56 254,412 | 182,850 CcoO
Hatcheries/lUSFWS
Hatcheries
Total 11/17/1062/14/11 215 538,295 | 402,776| 75% Good Eggs to
Eye-up

Research Projects

Eggs produced specifically for research projects comprise a large proportion of

the total production from the FRFSpecific details of those individual crosses and

families created for the laboratory and field experiments are described in their respective
sections of this report. The bulk of these family group descriptions appear in Job 2:
Whirling Disease Rsistancé.aboratory Experiments aribb3: Whirling Disease

Resistant Domestic Brood Stock Development and Evaluation







Job No. 2: Whirling Disease Resistance Laboratory Experiments

Job Objective: Evaluate the inheritability and stability of whirling diseassistance in
selected strains of rainbow trout.

HOFER-CCR CROSSES

Experiment 1: Inheritance of Myxobolus cerebralisesistance among second
generation crosses of the Hofer (GR) and Colorado River (CRR)
rainbow trout strains

Introduction

The Hofer (GR rainbow trout strain has been identified as more resistant to
whirling disease than other rainbow trout strains when expoddgxobolus cerebralis
in laboratory conditions (Hedrick et al. 2003). However, the survival and viability of the
strain in thewild is questionable and the consequences of stocking the strain directly into
wild trout waters is unknown (Schisler et al. 2006). In 2004, a study was conducted in
which GR strain rainbow trout and Colorado River rainbow (CRR) strain rainbow trout
werecrossed. The principle aim of that project was to incorporate whirling disease
resistance from the GR into the CRR strain, a strain that is typically used to establish wild
rainbow trout populations in Colorado (Schisler et al. 2006). Results of egposur
experiments with the GRRR (50:50) cross (F1 generation) showed that spore counts
per fish were reduced significantly from those found in the pure CRR strain. While
average infection severity in the first generation cross was much lower than thépure C
strain, it was not reduced to the spore count levels of the pure GR strain. However, some
families, created from individual mafemale pairs, were more resistant than others. In
addition, many individual fish from those crosses appeared to inlsmilar level of
resistance as observed in the pure GR strain. A second exposure experiment was initiated
to evaluate the performance of the pure GR, pure CRR, F1 generation, and a second
generation GRCRR (25:75) backcross (defined as the B2 generatiahe presence of
the whirling disease parasite. This experiment would provide insight to the continued
inheritability of resistance thl. cerebralis particularly in F1 generation fish back
crossed with the wild CRR strain.

Methods

Spawning of alfamilies occurred at the Colorado Division of Wildlife Fish
Research Hatchery (FRH) and Colorado Cooperative Fish and Wildlife Unit (COOP) wet
lab from midNovember 2005 through the end of December 2006 (Tables 2.1 and 2.2).
Both male and female pure GRdF1 fish are held on site. F1 individuals had been
tagged with Passive Integrated Transponder (PIT) tags to identify them by family group.



Only the lowest spore count families of the F1 variety were retained for this second
generation of crosses. Tleelssh were identified by their 10 digit alpha numeric code

prior to spawning. All tagged or untagged individuals were also numbered in the order
that they were spawned. Pure CRR individuals were held at the Colorado Division of
Wildlife Glenwood Spring$iatchery (GWSH). Males were spawned at the GWSH and
their sperm was transported in individual, numbered containers back to the FRH for
fertilization of the GR and F1 eggs. In addition, live male and female CRR rainbow trout
were transported back to tR&H and spawned with each other as well as GR and F1
males. An anal fin clip was taken from each spawned individual and stored in 70%
ETOH for later genetic analysis. Eggs were placed in incubators at the FRH or COOP
wet lab and held until they were eye@nce eyed, eggs were placed in 76 liter (20

gallon) tanks containing short (7 cm) standpipes for a greater amount of water turnover at
the COOP wet lab, where they were hatched.

Individual families (single male/female matings) were used as replicateis i
experiment. Three pure GR families, three pure CRR families, 10 F1 families, and 16 B2
families were used in this evaluation. In some cases, up to 2,000 fertilized eggs are
produced with each paired cross. For the purposes of this exposurenexpetish were
culled down to approximately 50 per family until immediately before exposure. At that
time the families were then reduced to 30 fish each.

Fish from each group were exposed to an average of 2,000 triactinomyxons per
fish as 2month old fy. The fish were reared for five months pegposure. Fish were
fed a maintenance diet (Rangen trout feed, Rangen Inc., Buhl, Idaho) of roughly 2% body
weight per day. Mortalities were removed and recorded daily. At the conclusion of the
experiment,10 fish were randomly selected from each family. The fish were measured
and weighed, physical deformities were recorded, and heads were processed to enumerate
myxospores per fish with the PTD (pepsippsin digest) method.
Length, weight, and myxosporesults were compared between strains using Proc GLM
in SAS system software. If significant differences were observed, Tukey's Studentized
Range (HSD) test was used to determine which strains differed from each other. Alpha
was set at 0.05 for all tests.

Results

The GR rainbow trout developed the lowest spore counts of the groups tested,
averaging 1,482 spores per fish (Figure 2.1). The CRR families developed the highest
spore counts, averaging 232,973 spores per fish. The F1 families averaged 43128 sp
per fish. These results were similar to those found in the prior experiment. The B2
families developed higher spore counts, averaging 125,168 spores per fish. The
statistical tests indicated that the CRR strain had significantly higher spore tt@mts
the GR, F1 and B2 strains. The B2 strain had significantly higher spore counts than the
GR strain, but not significantly higher than the F1 strain. The spore counts in the GR and
F1 strains were not significantly different from each other. TheBz2Rynd F1 strains
averaged 15.3, 12.7, and 10.9 grams, respectively, at the end of the experiment. The pure



CRR strain weighed significantly less than the GR strain at 7.7 grams. The pure CRR
strain grew to an average of 87.3 mm, which was significahtbyter than the pure GR,
B2, and F1 strains at 113.5, 108.4, and 105.5 mm, respectively.

Discussion

In both the 2004 exposure experiment (Schisler et al. 2006) and this experiment,
the F1 generation exhibited noticeable variation in spore countshgsit@ deformities
between families. Within family variation in infection severity was relatively low. In
this experiment, the B2 generation exhibited much more within family variation in
infection severity (Figure 2.2). This is due to thessortmenof genes and loss of
resistance in some individual offspring of the B2 generation, but not of others. Only
individuals inheriting resistance to whirling disease will be successful with regard to
survival and reproductive potential in areas where thasgarhas eliminated pure CRR
populations. The rapid loss of resistanc®ltacerebralisin subsequent generations of
backcrosses in a hatchery setting could result in selection pressures that do not attain the
goal of wild-strain fish with resistance the parasite. Space constraints also limit the
scope of this type of intensive selection in an artificial setting. An alternative to selecting
families in a fish culture facility is to allow the selection among first generation crosses to
occur in the wd. The selection pressure for individuals with both wild characteristics
and resistance td. cerebralisis immediate in locations where the parasite is endemic.
Relatively good survival has been observed in first generation crosses in the wild (See
Jab 4, Whirling Disease Resistant Wild Strain Brood Stock Development and
Evaluation). Therefore, it may be unnecessary to continue backcrossing F1 or B2 strains
with pure CRR to ensure survival in the wild.



Figure 2.1 Average spore counts for thleee Hofer (GR), three Colorado River
rainbow (CRR), ten F1 [GKRR (50:50)] and 16 B2 [GRRR (25:75)] strains. Each
point represents average spore counts for each individual family.
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Figure 2.2 Example of inteffamily variability in infection severity. Spore counts for

two F1 [GRCRR (50:50)] families and two B2 [GRRR (25:75)] families are shown.

Ten fish per family were sampled. In this graph each point represents spore counts for
each individual fish. Note th#te B2 families show a large range of variation, from O to
almost 400,000 spores, whereas the F1 families show a smaller range of variation, from 0
to only about 100,000 spores.
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Experiment 2: Physiological characteristics and inheritawe ofMyxobolus cerebralis
resistance among multiple generational crosses of the Hofer (GR)
and Colorado River (CRR) rainbow trout strains

Introduction

A laboratory experiment was conducted through 2007 and into 2008, at the
Colorado Cooperative Fish @Wildlife Unit wet lab (or Quonset hut) in Fort Collins,
Colorado to test the resistance of the Ger ma
rainbow (CRR) trout strains, and crosses of these strains, to whirling disease. CRRs have
historically been ugkfor stocking in Colorado and they retain many of the desired wild
rainbow trout characteristics needed to suryv
CRRs are highly susceptible to whirling disease and their populations have experienced
dramatic declinesver the past decade. The GR strain has demonstrated very strong
resistance to whirling disease in past exposure experiments. However, because the GRs
are a highly domesticated food fish, their survival and viability in the wild is uncertain.
Also, theconsequences of stocking this strain directly into the wild are unknown. In
2003, a breeding program was established to examine various crosses between the GR
and CRR trout strains, with the ultimate goal of identifying those crosses that have the
correctcombination of resistant rainbow trout characteristics and wild rainbow trout
characteristics to survive and reproduce in the wild in areas where Mgaopolus
cerebralisinfection exists.

The resistance of two of these crosses, F1s and B2s, hasxaeeimed in
previous exposure experiments. F1s are the first filial generation cross between a pure
GR individual and a pure CRR individual. Genetically, an F1 individual is heterozygous
across all of their genotypes. Effectively, they are 50% GR and@RRoat any given
locus, expressing characteristics of both, assuming a lack of dominance for either allele.
B2s are the second generation backcross between an F1 individual and a pure CRR
individual. Genetically, a B2 individual is effectively egearterGR and threguarters
CRR, with any individual genotype at a given locus having a 50% chance of being
homozygous CRR, expressing only CRR characteristics, or a 50% chance of being
heterozygous GR and CRR, expressing characteristics of both. These ltavsskesen
included in this exposure experiment to gain more knowledge about their inherited
resistance to whirling disease. In addition, a third cross has been included to gain a better
understanding of how resistant trout characteristics and wilddhauacteristics are
inherited in subsequent generations. This third cross is termed the F2s, which are the
second filial generation cross between two F1 individuals. Genetically, an F2 individual
is effectively 50% GR and 50% CRR, with any individual@gpe at a given locus
having a 25% chance of being homozygous CRR, expressing only CRR characteristics, a
50% chance of being heterozygous GR and CRR, expressing characteristics of both, or a
25% chance of being homozygous GR, expressing only GR chéstcser The large
amount of genetic variability within these crosses leads to a lot of individual variation in
resistance and physiological characteristics.
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In addition, reciprocal families of the F1 and B2 crosses were also evaluated for
their resistace to whirling disease. A F1 reciprocal family is created by spawning a GR
male with a CRR female, or a CRR male with a GR female. A B2 reciprocal family is
created by spawning an F1 male with a CRR female, or a CRR male with an F1 male.
Reciprocal crosss were not possible to create for the F2 strain because these are created
by spawning two F1 individuals. These reciprocal crosses were included in the
experiment to determine if the direction of spawning leads to differences in inheritance of
resistanceéo whirling disease, or differences in performance in their physiological
characteristics.

The ultimate goal of this laboratory experiment was to further evaluate the
resistance of the GR and CRR trout strains, and their crosses, to whirling disddee, an
evaluate other characteristics that may play an important role in their survival in the wild
including growth, swimming performance, and predator avoidance. Growth and
swimming performance were evaluated both to test the difference in the growth and
swimming potential of each of the crosses and their pure ancestors, and to determine if
there is a cost of resistance that affects other physiological functions. Predator avoidance
was evaluated to determine which of the crosses can recognize and awivid and
other forms of predation, as well as to determine whether there is a difference in an
infectedandnom nf ect ed i ndividual 6s ability to avoi

Methods
Infection Experiment

Spawning of all families occurred at the Colorado DivissdhVildlife Bellevue
Fish Research Hatchery (BFRH) from aNdvember 2006 through the end of January
2007. Both male and female pure GR and F1 fish are held on site. F1 individuals had
been tagged with Passive Integrated Transponder (PIT) tags psmavming, and were
identified by th& 10 digit alpha numeric codeéAll spawned individuals, tagged or
untagged, were also numbered in the order that they were spawned for fin clip and
parental identification. Pure CRR individuals were held at the Giddravision of
Wildlife Glenwood Springs Hatchery (GWSH). Males were spawned at the GWSH and
their milt was transported in individual, numbered container back to the BFRH for
mixing with GR and F1 eggs. In addition, live males and females were tramkspacte
to the BFRH and spawned with each other as well as GR and F1 males. An anal fin clip
was taken from each spawned individual for later genetic analysis. Eggs were placed in
incubators at the BFRH or Quonset hat held until they were eye@nceeyed, eggs
were placed in 20 gallon (76 liter) tanks, containing short standpipes for a greater amount
of water turnover, at the Quonset hut, where they were hatched.

One hundred tanks total were used in the exposure and growth experiments, 80
tanks comdiining infected families, and 20 tanks containing uninfected control families.
The GR and CRR strains were represented by 10 tanks, each containing an individual
family, and the F1, F2 and B2 crosses were each represented by 20 tanks, each containing
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an individual family. The 20 F1 families and 20 B2 families were made up of two sets of
reciprocal families, ten of each, to test whether there was a difference in performance of
the fish when exposed to whirling disease. All five strains were representear bgrfks

of uninfected controls, each containing an individual family, and were split out from one
of the preexisting families preexposure to whirling disease.

Tanks were reduced to 25 fish per tank, and the fish were infected at an average
of 678 degee days (°C) postatch TriactinomyxonsTAMS) for infections beginning
on February 15, 2007 and continuing through April 20, 2007 came from Dr. Ron
Hedrickdés | ab at U. C. Davi s. TAMs for infec
Barry Nehring with tle Colorado Division of Wildlife in Montrose, Colorado. Cultures
of TAMs in both cases were produced from Mt. Whitieypifex tubifexworms. TAMs
were counted by mixing , 000 ¢ | of filtrate containing th
violet used to dye the TAMs to make them eas
placed on a slide and TAMs per slide were counted. Ten counts were conducted in this
fashion to get a@pd mix of TAM concentrations in the filtrate. An average of the counts
was taken, and this number was used to calculate the number of TAMs per ml. Fish were
infected with 2,000 TAMs per individual, a total of 50,000 TAMs per tank. Before
exposure, thevater flow to each aquarium was stopped and each aquarium received
aeration with an air stone to ensure full mixing of the TAMs and equal exposure of all
fish. The approximate ml of filtrate to deliver 2,000 TAMs per fish was measured out,
placed in a 1,00 ml beaker, and evenly distributed throughout each aquarium. This was
done in two passes to ensure equal distribution of TAMSs in the tank and to account for a
possible unequal distribution of TAMs within the filtrate. Water remained stopped for
one hou to ensure complete infection of all fish. Twenty tanks, four tanks of each of the
five crosses, were used as controls and with the exception of not being infected with
whirling disease, were treated in the same manner as the infection tanks used in the
experiment

The exposure experiment concluded once the fish reached approximately 2,000
degreedays (°C) posexposure, or approximately five months pesposure. During this
time, developing signs of disease and mortalities were recorded daily. The firs
individuals sacrificed for exposure evaluation were sacrificed on Augu2087, and
the evaluations concluded with the last sacrifice on Octo&rZp07. At the time of
evaluation, 15 individuals from each tank were removed and sacrificed. dieiduals
were used for spore count enumeration using the pépgisin digest (PTD) method and
five individuals were kept for histological analysis if necessary. The heads were removed
by severing the head from the body just behind the operculum armtagdits.
Each head was placed into an individually labeled bag that allowed for later identification
of each individual. The bodies were also placed into similarly labeled bags to be used for
later protein and lipid analyses. Heads to be used for sparg enumeration were sent
to the Colorado Division of Wildlife Brush Fish Health Laboratory in Brush, Colorado.

The lengths, weights, and disease signs were recorded for each individual at the

time of evaluation. Lengths were measured to the nearkisheter, and weights were
measured to the nearest gram. Disease signs recorded included cranial, spinal, lower jaw
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and opercular deformities, exopthalmia, cleft peduncles, and black tail. Cranial
deformities were defined as sunken in facial featuresrat@htations in the cranium.

Spinal deformities were defined as unusual bends or curves of the spine. Lower jaw
deformities were defined by shortened lower jaws, or lower jaws that were extended to
one side or the other. Opercular deformities were debgatle operculum being

indented or pulled back exposing the gills. Exopthalmia is defined by the eyes being
inflated in their sockets, extending past the orbitals. This condition is commonly known
as popeye. Cleft peduncles were defined by a largen #adegree bend in the ventral
direction of the spine around or just beyond the location of the adipose fin. Blacktail is a
condition commonly displayed when many other deformities are present. It is caused by
pressure being placed on the caudal nettvaiscontrol pigmentation and is defined by

the posterior quarter of the fish turning black. This condition was identifiechpreem

in the sampled individuals because it disappears upon death and a loss of circulation in
the fish. Disease signs wereaededas 0 if absent and 1 if present.

The fish that remained in each tank after the conclusion of the exposure
experiment were kept alive for later use in the predator avoidance experiment conducted
in spring 2008.

Spore count data was analyzed usiljancanés Mul ti pl e Range T
Proc GLM. Percent mortalities was calculated using the equatienli (S/N)for each
of the crosses, whereis the percent mortality experienced by a cr&ss,the number of
fish surviving at the conclusion of tlegposure experiment in a given cross, Bnd the
number of fish at the beginning of the exposure experiment, starting on the day of
exposure, in a given cross. Total percent deformities was calculated for each cross by
adding up the number of individuadhowing any sign of disease, and dividing this by the
total number of individuals in a cross. The percentage of fish showing a given deformity
within a cross was calculated by adding up the number of individuals showing that
deformity, and dividing it byhe number of individuals showing any kind of deformity,
giving the percentage of individuals with a given deformity of those deformed individuals
within a cross. Length and weight analysis w
Range Test in SAS PedGLM.

Growth Experiment

Once hatched, small standpipes were left in the tanks until the first individuals
began to swirrup. Upon swiraup, tall standpipes were placed in the tanks and the fish
were started on size O trout diet. After approximately@3free day§C), fish were
started on siz4 trout diet At this time, families were reduced to 50 fish per family.

This was considered the beginning of the growth experiment. Each family was batch
weighed and fed four percent of the total batch weidtamilies were held at 50 fish

until the day before infection in order to account for any mortality that may occur as a
result of being fed a larger feed size. In addition, an additional 50 fish from four of the
families from each strain were split and placed in uninfected control tanks. The day
before infection, families were reduced to 25 fish. Again, fish were batch weighed and
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fed four percent of the total batch weight. Control families were also reduced to 25 fish
at ths time

Fish were eweighed every two weeks and feed amount was changed accordingly.
Fish started on size 2 trout diet at a batch weight of 75 grams, size 3 trout diet at a batch
weight of 162.5 grams, and size 4 trout diet at a batch weight of 500 grams, according to
hatclery trout feed guidelinesChanging a given tank to a different feed size at these
batch weights helped to avoid any feeding related mortalities due to fish being too small
for the next feed size. If any mortality occurred in a tank, the fish were tescesp that
the four percent batch weight feed amount remained constant for every tank over the
course of the experiment. On Julf; 2007, one of the tanks included in the experiment
experienced an almost complete-dfé This was exactly four monttisom the start of
the growth experiment. The dugf occurred because of low flow conditions creating
lowered water quality in the tank. The fish had reached fairly large sizes for the tanks,
and were more susceptible to subtle changes in water quatiéybe of the large
proportion of the tank the fish occupied. To avoid more losses from increasing fish sizes,
the growth experiment was concluded at four monthsgqsbsure. When a tank
reached the four month pestposure point, the tank was batchghed, and this was the
final weight used for analysis. After the conclusion of the growth experiment, fish
continued to be batch weighed every two weeks and were fed a maintenance diet of two
percent of their batch weight for the remainder of the expasxperiment. If a batch
weight exceeded 1,875 grams, the tank was put on size 5 trout diet. This batch weight
was only exceeded during the maintenance feeding stage and not during the actual
growth experiment.

The growth analysis was conducted usiiyj@ancandés Mul ti pl e Range
SAS Proc GLM. In addition, a feed conversion ratio and feed efficiency was calculated
for each of the crosses. The feed conversion ratio was calculated by summing up the total
grams of feed fed over the course of the groevperiment for a given individual, and
dividing this by the total weight that an individual gained over the course of the growth
experiment. The individuals within a given cross were then averaged for a feed
conversion ratio for a given cross. Feed édficy is the reciprocal of the feed
conversion ratio and is calculated by the equdtigr= 1/FCR The feed conversion ratio
shows how many grams of feed is required by an individual to gain one gram of weight,
and feed efficiency shows how efficient adiindual is at converting feed into body
mass.

Swimming Experiment

The swimming experiment was begun on April 9, 2007 and was conducted using
the same fish included in the exposure and growth experiments described above. Five
fish from four tanks of &h strain (20 fish/strain), both infected and control, were swam
during each of four time periods: 14 days pagposure, 30 days peskposure, 74 days
postexposure and 134 days pe@stposure. All four control tanks for each strain were
swum, and foumfected tanks for each strain were chosen at random to be used in the

16



swimming exgriment A total of 735 fish were swum over the course of the six month
swimming experiment.

Three days prior to swimming, five fish were chosen randomly from eack of th
tanks to be swum in the swimming experiment. Each fish was marked with a Visual
Implant Elastomer (VIE) tag for individual identification at each of the swimming times.
The five unique identification colors used were green, red, pink, orange, and
greerforange. Fish were marked in both the adipose fin and in the adipose tissue behind
the right eye. Green/orange fish were marked with orange in the adipose fin, green along
the base of the dorsal fin, green in the adipose tissue behind the right egygaragedin
the adipose tissue behind the left eye. ldentification of the colors was visually possible
without aid for the first two swimming periods. As fish grew, the marks became harder
to see, and identification of the colors was made using a UVdightJV reflection
filtering glasses. Orange reflected orange/yellow, green reflected yellow, red reflected
burnt orange, and pink reflected bright red, and identification of the reflecting colors was
made easier by identifying the reflections in the dagproximately 10% of the tags
were no longer visible at 134 days pegposure. If atag was lost, a fish was randomly
chosen from the same tank to be swum in place of the missing color in order to keep
sample sizes consistent out of each tank at efttie dour time periods.

Two Loligo® swimming flumes were used to conduct the swimming experiments,
one for infected fish and one for control fish. The following protocol was used for each
individual fish, in either of the two flumes, on any given swimgrday: First, a fish was
identified and removed from a tank and placed in the swimming flume chamber. The
time at which the fish was placed in the chamber and the temperature of the flume was
recorded. The flume was then started on the lowest spttied) £ 2 cm/sec and run for
one hour in order to allow the fish to acclimate to the flowing conditions of the flume and
recover from handling. At the conclusion of the one hour acclimation period, flume
speed was increased to 5 cm/sec, the startingl $pethe swimming trials; this was also
the starting time for the swimming trial. After ten minutes, the flume speed was
increased by 5 cm/sec. This procedure continued until the end of the swimming trial. The
swimming trial was considered completed wihiem fish was no longer able to swim
against the current and became impinged on the screen at the back of the swimming
chamber. At this time the flume was stopped and the fish was removed. The flume speed
and length of time ahat speed were also recoddaVeights and lengths were taken on
the fish before it was placed into a well aerated bucket of water where it was allowed to
recover before being returned to the tank.

A rating scale was also created to rank an individual in terms of the number of
deformities that it had. Rating was determined after the swimming trial while the fish was
being handled for measuring weights and
individual had no visual deformities, nor displayed any whirling behavior in theotank
the swimming chamber. A ranking of fA20
deformity, most commonly, cranial, opercular, or lower jaw deformities, blacktail, or
displayed whirling behavior either in the tank or in the swimming chamber. A rating of
A30 meant that the individual had two vi
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bet ween 0O and 15 degrees. A rating of fA40 me
deformities, or had a spinal deformity bet we
that an individual had four or more visual deformities, had a spinal deformity that was

greater than 45 degrees, or had multiple spinal deformities of varying degrees of severity.

The rating scale was used to determine if individuals with fewer defosrsitram better

than individuals with more deformities.

The critical swimming velocity (L), or fatigue speed, was calculated for each
individual using the equation,

Ucrit = Vp + (ti/t)*Vi

whereV, is the penultimate velocity reached at fatigue (3nt/s the time elapsed from

the velocity increase to fatigugthe time between velocity increments (in this case, 10

minutes), and/; is the velocity step (in this case, 5 cm/sec). The Whas then used to

calculate body lengths per second for eadividual, which was calculated by dividing

the U by the total length of the individual. Body lengths per second was used as the

standard measure because it removes the variation in body length between individuals.
Analysis of the swimmingresultsasvs done using an ANOVA test al
Multiple Range Test in SAS Proc GLM.

Pond Predation Experiment

The pond predation experiment was begun on March 12, 2008 and conducted in
ponds located at the Foothills Fisheries Laboratory on the Coloraidol8taversity
Foothills Campus in Fort Collins, Colorado. The ultimate goal of this experiment was to
determine which of the strains used in the experiments described above could recognize
and avoid predation.

The rainbow trout, both infected and cahticame from the previous exposure
experiments conducted in 2007. After the conclusion of the exposure experiment, fish
within a strain were divided into multiple tanks so that each tank contained fish that were
roughly the same size. Each tank was fieeina different amount of feed, depending on
their size difference from the average. The goal was to get all of the crosses to roughly
the same size. Because the GR strain individuals had grown much faster during the
exposure experiment, these fishwkre pt 1 n cool er water (aver age
less per week than were the other strains. The F1, F2 and B2 crosses were smaller than
the GR strain individuals, but larger than the CRR strain individuals. These three crosses
were heldincoolwat§raver age of 7eC) and fed different
whether the tanks contained small, medium or large individuals within that cross. The
CRR strain individuals were much smaller than the GR strain individuals. This strain
was keptinlargerroud t anks i n war mer water (average 1
of feed to promote growth. The CRR tanks did not respond to the larger amount of dry
feed, and therefore, their diets were supplemented by live feed, including eggs, fry and
fingerlings suplied by several hatcheries around Colorado.
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The growth phase prior to the start of the pond experiments lasted roughly three
months. Two weeks prior to the start of the pond experiment, individuals from all five
strains were weighed and measured temeine which fish were to be used in the pond
experiment. Because only 40 fish per strain were left in the control tanks at the end of
the exposure experiment, the control fish were limiting in terms of the number of fish that
could be used per strain.h& minimum number of fish was 36 individuals, seen in the
CRR and B2 strains. All 36 individuals were used from these two control strains, and the
same number was chosen from the GR, F1 and F2 strains so that the averages and ranges
of sizes were as clesis possible The same process was used to sort through the
infected fish, choosing 36 individuals from each strain that were within the average and
ranges set for the control indivals

Four ponds were used for the predation experiment, two contldirg infected.
The locations of the control and infected ponds, within the four, were chosen using a
random number generator. The ponds are numbered in order from east to west, with
Pond 1 containinghe large control rainbow®ond 2 containing the sthahirling
disease infected irlbows Pond 3 containing the large whirling disease infected
rainbows and Pond 4 containirthe small control rainbowsEach pond contained 18
fish of each strain. Pond 1 included CRR individuals with an average lergfhlofm,
GR individuals with an average length of 27.8 cm, F1 individuals with an average length
of 26.5 cm, F2 individuals with an average length of 27.3 cm, and B2 individuals with an
average 25.8 cm. Pond 2 included CRR individuals with an averagé @nl5.3 cm,
GR individuals with an average length of 25 cm, F1 individuals with an average length of
22.8 cm, F2 individuals with an average length of 21.7 cm, and B2 individuals with an
average 21.1 cm. Pond 3 included CRR individuals with an avkmagg of 20 cm, GR
individuals with an average length of 27.4 cm, F1 individuals with an average length of
26.3 cm, F2 individuals with an average length of 26.9 cm, and B2 individuals with an
average 25.7 cmPond 4 included CRR individuals with an eage length of 15.1 cm,
GR individuals with an average length of 25.1 cm, F1 individuals with an average length
of 22.9 cm, F2 individuals with an average length of 21.9 cm, and B2 individuals with an
average 21.1 cm. All CRR individuals were marked w&itiink VIE tag in the right eye,
GR individuals with a red VIE tag in the left eye, F1 individuals with a green VIE tag in
the right eye, F2 individuals with an orange VIE tag in the left eye, and B2 individuals
with a green VIE tag in the left eye and@mange VIE tag in the right eye. The rainbows
were placed in their respective ponds on March 7, 2008.

The pike for the experiment were caught out of Lake Ladora on the Rocky
Mountain Arsenal National Wildlife Refuge in Denver, Colorado on March 10, 2008.
group of 16 people, consisting of Colorado Division of Wildlife personnel, U.S. Fish and
Wildlife personnel, and volunteer fisherman, were used to catch the pike. A total of 22
pike over the 26 inch minimum (in order to have a 3:1 predator to prey i
caught, and 12 pike ranging between 28 and 32 inches was brought back to Fort Collins
for use in the experiment. Three pike were placed in net pens in each of the four ponds
before introduction to the ponds to give them time to acclimate to tlteggosronment,
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and to allow them to digest whatever food may have been in their stomachs before they
were caught (Table 2.1).

Pond1 | Pond2 | Pond 3 | Pond 4
31.75 28.75 29 27.75
30.5 28.5 29 28.5
31.25 28.25 29.25 28.5

Table 2.1. Length (in inches)dr each of three pike placed in the net pens in four
separate ponds used in the predation experiment on March 10, 2008.

The two larger pike of the three were introduced into the ponds two days later, on
March 12, 2008, which marked the beginning ofgibad experiment. A 31.75 inch and
31.25 inch pike were introduced into Pond 1, a 28.75 inch and 28.5 inch pike were
introduced into Pond 2, a 29.25 inch and 29 inch pike were introduced into Pond 3, and
two 28.5 inch pike were introduced into Pond 4. eRslze for each of the ponds was
chosen based on whether the pond contained large or small rainbows which had been
previously introduced to the pond.

Over the course of the experiment, the ponds were seined several times to
determine how many of the raiols had been lost to predation. The goal was to have
50% predation of the rainbows in each of the ponds. If there was no differential
predation, all of the strains would have approximately equal numbers at the end of the
experiment, whereas if there waifferential predation, at least one, if not two, strains
would be completely missing, while the other strains would be relatively untouched. In
addition, secchi disk depth, temperature, and dissolved oxygen where measured in each
pond every day. This &n ongoing experiment, which has been changed to track the
trout population as it declines to zero to determine if the patterns seen in the first 50% of
rainbows predated continues in the second 50%.

Protein and Lipid Analysis

Protein and lipid anages were run on 100 fish, ten of each cross, infected and
control, to determine if there were differences in the way the fish process their food. To
start, a range of fish sizes were selected out of each cross. The fins were removed in order
to ease thergnding process. The standard lengths of the fish (minus the heads) were
taken on each fish after fin removal. The fish were ground, frozen, in a food processor,
and alcohol (95% ETOH) was added during the grinding process to help break up the
chunks analean the processor. The samples were then placed into a large oven set at
60eF and dried for approximately five days.
during the drying process, the samples were removed from the oven. The ground
material driedmto a hard, round disk that was broken up and ground down to a fine
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powder using a food chopper and mortar and pestle. The powder was then placed into
individually labeled bags, and ready forafysis

Lipid analyses were conducted in the Animal Scidratgoratory run by Terry
Engle at Colorado State University. Two lipid bags per individual were labeled and filled
with approximately one gram of sample. First, the bags were weighed and the scale
tared. The sample was then added to the bag. Onceahegght of the bag was
reached, the bag was removed from the scale and sealed
using a heat sealer. The second bag, which was used as a replicate, was treated in the
same manner and the weight was measured to the same tenth of a gram. The bag weight
and the sample weight were added together to obtain a total weight. Twelve bags were
run through the lipid analysis machine at a time. The lipid analysis machine used 350 ml
of petroleum ether to remove the lipids from the sample in the bag and was 30n for
minutes. The run time was ten minutes longer than a usual run for beef and other
mammals because the fish were suspected to have more lipids, requiring a longer run
time. Upon conclusion of a run, the bags were removed from the machine, placed under
a flume hood to cool and dry for two hours,
completely. After the four hour drying period, the samples were placed in a decanter that
kept the samples from absorbing moisture from the air, and cooled tdeograrature.
The bags were then weighed and total weight recorded. Total lipid content for a bag was
calculated using the equation,

TL= ((WsampleT (Wrinal T Wbag))/Wsamplé*loo

where Wampewas the weight of the sample put into a bags¥Was thefinal weight of

the bag containing the sample after a run, apghWas the initial weight of the bag not
containing the sample. This equation gave percent lipid contentdlobeg If the two
bag replicates for an individual were off by more than &% gnt, than the samples were
rerun. The two replicates for each individual were then averaged together to get one
estimate of total lipid content for each individual.

Protein analyses were conducted in the Animal Science Laboratory run by Terry
Engleat Colorado State University. As with the lipid analysis, two replicates were run
per individual. The same 100 samples were run with the exception of a few samples
where there was not enough sample after the lipid run. For these few samples, fish were
reground from those crosses missing individuals. Aluminum tins were filled with
approximately 0.1 grams of sample and placed in wells in the protein analysis machine.
The samples were then incinerated, and the various components of the protein, nitrogen
andcarbohydrates were caught in gas filled tubes and analyzed for their content. The
results given were percent protein, percent nitrogen, and percent carbohydrate of the
sample The two replicates for each individual were then averaged together to get one
estimate of the aforementioned percentages for each individual.
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Results

Exposure Experiment

Fish in the exposure experiment were held for an average of 2,240-degsee
postexposure before sacrificing for disease evaluation. The CRR stragigmaftcantly
higher mean myxospores per fish than did any of the other strains. The B2 strain had
significantly higher mean myxospores per fish than did the F2, F1 or GR strains, but were
significantly lower than the CRR strain in mean myxospore colimé F2, F1 and GR
strains did not differ significantly from each other in mean myxospore count, but all had
significantly lower mean myxospore counts than the CRR or B2 strains (Table 2.2). In all
of the strains, the control families did not show any spore

Cross Spore Count Confidence Interval
CRR (N=10) 187,209 (171,222, 203,196)
B2 (N=20) 97,588 (83,402, 111,774)
F2 (N=20) 46,227 (40,621, 51,883)
F1 (N=20) 9,566 (7,603, 11,529)
GR (N=10) 275 (211, 339)

Table 2.2. Mean myxospore counts @ronfidence intervals by strain, for the 2007
Myxoboluscerebralisexposure experiment.-ialue represents number of replicate tanks
per strain.

Variation in mean myxospores per family also differed among the strains. The
GR strain showed the loweshige of variability in their mean myxospore counts,
ranging from 0 to 1,177 mean myxospores per family. The F1 strain showed slightly
higher variation, ranging from 0 to 51,418 mean myxospores per family. Variation
doubled between the F1 and F2 strainh) the F2 strain ranging from 0 to 135,064
mean myxospores per family. The largest variation in mean myxospore count was seen
in the B2 and CRR strains, with the B2 strain ranging from 0 to 338,128 mean
myxospores per family, and the CRR strain rangimgf15,090 to 350,423 mean
myxospores peiamily.

The strains also showed variation in percent mortality and number and kinds of
deformities seen in the infected and control fish (Table 2.3). The control families showed
significantly higher mortalityitan did the infected families in the GR strain. In the CRR,
F2 and B2 strains, mortality was significantly higher in the infected families than in the
control families. There was no significant difference in mortality between the infected
and control fanties within the F1 strain.

There were no significant differences in percent deformities between the infected
and control families of the GR strain. In the CRR, F1, F2 and B2 strains, there was a
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significantly higher number of deformities seen in theatéd families than in the

control families (Table 2.3). The most common deformity experienced by all the strains
was a cranial deformity. In the CRR and F2 strains, infected families exhibited
significantly higher cranial deformities than did the contaohilies. The GR, F1 and B2
strains did not differ significantly in the number of cranial deformities between infected
and control families. The two most common deformities, other than cranial deformities,
in order of number of fish exhibiting the defotypiwere spinal deformities and opercular
deformities. The F2, B2 and CRR strains exhibited a significantly higher number of
spinal deformities in infected families than in the control families; there was no
significant difference in the number of spinafarmities in the infected and control
families in the F1 and GR strains. Infected and control families in the GR strain did not
differ significantly in the number of opercular deformities, whereas in the other four
strains, infected families exhibitedsggnificantly higher number of opercular deformities
than the control families. Other deformities seen in a much smaller proportion of fish
included exopthalmia, lower jaw deformities, cleft peduncles and missing eyes.
Blacktail, experienced in only theRR, F2 and B2 strains, was exhibited by a
significantly higher number of fish in the infected families than in the control families,
and the CRR strain experienced a significantly higher occurrence of blacktail than did the
F2 or B2 strains (Table 2.4).

Strain N % Mortality N % Deformity
Infected GR 250 3.6 241 96.5
Control GR 100 10.0 90 98.1

Infected CRR 250 12.8 218 100.0
Control CRR 100 2.0 98 20.7
Infected F1 500 1.8 491 85.6
Control F1 100 2.0 98 55.2
Infected F2 500 8.8 433 88.4
Control F2 100 2.0 98 25.9
Infected B2 500 6.2 472 85.8
Control B2 100 3.0 97 29.3

Table 2.3. Percent mortality and percent of individuals with deformities by strain, in
both the infected and control fish, in the 20@yxoboluscerebralisexposure
experment.

Final weights and lengths were also recorded for the infected and control families
within each of the strains. These results are presented separately from the growth
experiment results because the growth experiment was not carried out todlnsioan
of the exposure experiment.
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N Cranial Spinal  Exo. Jaw Opercular Peduncle No Eye Black Tail
Infected GR 241 97.8 9.6 8.1 5.9 17.6 0.7 0.0 0.0
Control GR 90 98.0 3.9 2.0 0.0 9.8 0.0 3.9 0.0
Infected CRR 218 91.4 85.2 8.6 8.6 82.0 0.0 0.0 35.2
Control CRR 98 33.3 50.0 0.0 8.3 8.3 0.0 0.0 0.0
Infected F1 491 94.4 19.7 4.4 3.6 17.3 0.8 0.0 0.0
Control F1 93 93.8 6.3 0.0 0.0 3.1 0.0 3.1 0.0
Infected F2 433 95.0 37.1 5.9 7.2 39.8 0.0 0.0 4.5
Control F2 98 46.7 0.0 0.0 53.3 0.0 0.0 0.0 0.0
Infected B2 472 85.5 55.7 55 55 43.0 0.9 0.9 7.7
Control B2 97 100.0 5.9 0.0 0.0 0.0 0.0 5.9 0.0

Table 2.4. Percentage of fish exhibiting each of the deformities, both control and

infected, within each of the strains in the 200yxoboluscerebrdis exposure

experiment. Percentages represent the percentage of fish exhibiting a given deformity out
of the total number of fish that exhibited a deformity, not the percentage of all the fish
examined upon conclusion of the exposure experiment.

Within the F1, F2, B2 and CRR strains, there were no significant differences in
weight between the infected and control families in terms of grams per fish. In the GR
strain, the control families weighed significantly more than did the infectetida. In
addition, the GR strain, both infected and control individuals, weighed significantly more
than all of the other straing’he F1 strain, infected and control individuals, did not differ
significantly in weight from the control individuals in the F2 strdii strain infected
individuals did not differ significantly in weight from either the infected or control
individuals in the F2 strain. F2 strain individuals, infected and control, did not differ
significantly in weight from the B2 strain control indivials. Finally, the B2 strain
infected individuals did not differ significantly in weight from either the infected or
control individuals in the CRR strain.

Within the F1, F2 and CRR strains, there were no significant differences in total
length per indivilual between the infected and control fish. In the GR and B2 strains, the
control families were significantly longer in terms of total length per individual than were
the control fanilies. In addition, the GR strain, both infected and control individuals
were significantly longer than any of the other strains. The F1 strain, infected and control
individuals, did not differ significantly in total length from the control individuals in the
F2 strain. F1 strain infected individuals did not differ sigaifity in total length from
either the infected or control individuals in the F2 strain. F2 strain infected individuals
did not differ significantly in weight from the B2 strain control individuals. Finally, the
B2 strain infected individuals were sign#iatly shorter than the GR, F1 and F2 strains,
and significantly longer than the CRR strain infected and control individuals.
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Growth Experiment

Growth in the growth experiment was measured and analyzed in two ways,
average batch weight per strain andrage grams per individual per strain. In terms of
average batch weight per strain, the F1, F2, B2 and CRR strains did not differ
significantly between infected and control families. The control families in the GR strain
weighed significantly more, in ters of their batch weight per tank, than did the infected
individuals. In addition, both infected and control individuals weighed significantly more
than all of the other strains. The F1 individuals, both infected and control, also weighed
significantly mae than the F2, B2 and CRR strains. The B2 control and infected
individuals did not differ significantly in batch weight per tank from the F2 strain
infected or control individuals, or the CRR strain control individuals. Finally, the F2
strain control indriduals did not differ significantly in batch weight per tank from the B2
strain infected individuals or the CRR strain infected and control individuals. The same
general pattern was seen in the grams per individual per strain with the exception that the
F2 strain infected and control individuals, along with the B2 strain infected and control
individuals, weighed significantly more than the CRRain control individualsThe
reciprocal families in the F1 cross, as well as those in the B2 cross, ditbmoasy
significant differences igrowth

A large amount of variation is seen within a family of all of the strains. However,
more variation is seen in some of the strains than others. In terms of length, the GR and
CRR show only a small amount of \ation, whereas the F1, F2 and B2 groups show an
increasing amount of variation in length, respety. In terms of weight, more variation
is seen in the GR strain. The CRR strain shows similar variation in weight as is seen with
length. The F1, F2 arB strains also generally show the same pattern in weight as is
seen with length, with variation increasing from Eieto F2, and F2 to B2 strains.

The feed conversion ratio was the lowest in the GR strain individuals, both
infected and control. Conkaely, feed efficiency was highest in infected and control
individuals within the GR strain. The feed conversion ratio in the control individuals of
the CRR, F1 and B2 strains were similar, as were the feed efficiencies for these same
individuals. The fed conversion ratio for the control individuals within the F2 strain was
slightly higher than the CRR, F1 and B2 strains. The feed efficiency for these same
individuals was slightly lower than the CRR, F1 and B2 strains. The feed conversion
ratio for theinfected CRR strain individuals was much higher than the infected
individuals in the F1, F2 and B2 strains, with increasing feed conversion ratios in the F1,
F2 and B2 strains respectively. Conversely, the feed efficiency for the infected CRR
strain indviduals was much lower than the infected individuals in the F1, F2 and B2
strains, with decreasing feed efficiencies in the F1, F2 and B2 strains respectively (Table
2.5).
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N F.C.R F.E

cross Control  Infected Control Infected Control  Infected
GR 90 241 1.06 1.08 0.94 0.93
CRR 98 218 1.39 1.96 0.72 0.51
F1 98 491 1.31 1.19 0.76 0.84
F2 98 433 1.53 1.26 0.65 0.79
B2 97 472 1.42 1.44 0.70 0.69

Table 2.5. Feed conversion ratios (F.C.R.) and feed efficiency (F.E.) for infected and
controlfish within each of the strains in the growth experiment.

Swimming Experiment

Critical swimming speed reached, in terms of body lengths per second, decreased
within all five strains as fish length increased. Previous studies on swimming with
rainbowtrout have shown that this result is not uncommon. There was no significant
difference in critical swimming speed between infected and control fish for any of the
strains, at any of the four time periods. Therefore, analyses of swimming data combined
infected and control fish from a strain into an overall representation of the stain, which
was used for a comparison across the strains.

At all time periods, the CRR strain reached a significantly faster speed, in terms
of body lengths per second, than thié GR strain. In the first time period, fourteen days
postexposure to whirling disease, the F1, F2 and B2 crosses did not differ significantly
from each other, or the CRR strain. The F2 cross reached significantly higher speeds
than the GR strain. Iriné second time period, thirty days pegposure to whirling
disease, the CRR strain reached significantly higher speeds than did the F1, F2, B2 or GR
strains. The F1, F2, B2 and GR strains did not differ significantly from each other in this
time period. Between the second and third time period, signs of disease began to become
more prominent in all of the crosses. In the third and fourth time periods, after signs of
disease became more prominent, the CRR strain reached the highest speeds, and the GR
strain reached significantly lower speeds, and the F1, F2 and B2 crosses fell in between
these two speeds, not differing significantly from the CRIR GR, or each other.

The deformity rating at the final swimming time, when infection severity was
highestof the four time periods, only had a small effect in three of the strains. In two of
these, the effect was seen only in infected fish, and in one, in both infected and control

fish. The F2 strain infected fwitlsdevem anged i n
individuals having a rating ofolo, ten indiyv
having a rating of 0306, and one individual h a
a rating of three did not differ significantly in critical swimng speed from those

individuals having a rating of #Alo, A20, or
Af40 reached a significantly |l ower critical s
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rating of fAl1lé or A20. edThe B2fe9rmaity irateéapge
A50 with nine individuals having a rating of
five individuals having a rating of fA30, two
individual havingnaiwvatdiumdg sofh@¥do ng Bhosaeing
did not differ significantly in critical swimming speed from each other, or individuals

having a rating of Al1lo or A50. However, the
significantly lower criticak wi mmi ng speed than those individ
The CRR infected fish ranged in deformity r a
having a rating of Al1l06, three individuals ha
ratingoorf iMABd,vidual s having a rating of fA40
of A50. Those individuals having a rating o
swimming speed from each other or those indi
indc vi dual with a rating of fAl1l0 reached a sigr
the individuals having a rating of #HAn20. The
from Al1l0 to A30, with individuahgardiryvi ng a r
of A26, and one individual having a rating o
reached a significantly lower critical swimming speed than did the individuals with a

rating of fAlo. The GR str anbathinfectdedlandi nf ect e d

control, the F2 strain control, and the B2 strain control fish did not show any significant
differences in swimming speed due to the number or severity of deformities.

Pond Experiment

The condition of all four ponds has been kaptonstant as possible throughout
the course of the experiment. Pond 1 had an average secchi depth of 103 cm, ranging
from 42.5 cm to 178 cm, an average dissolved oxygen level of 7.90 ppm (parts per
million), ranging from 4.2 ppm to 10.74 ppm,and anavgre t emper at ur e of 8.
rangi ng f4 .0Mm@dhd2@adtamaverage secchi depth of 136.75 cm, ranging
from 60 cm to 178.5 cm, an average dissolved oxygen level of 7.24 ppm, ranging from
3.75 ppm to 10.34 ppm, and mangvegafQeomempPe
4 . 3 @dnd 3 had an average secchi depth of 118.82 cm, ranging from 47.5 cm to 178
cm, an average dissolved oxygen level of 7.51 ppm, ranging from 4.13 ppm to 9.84 ppm,
and an average temperdt 2el&d .oMme@4hada@ C, r angi n
average secchi depth of 128.31 cm, ranging from 45.25 cm to 178 cm, an average
dissolved oxygen level of 7.63 ppm, ranging from 4.67 ppm to 10.54 ppm, and an
average temperature 847, ranging from 3.6 to 15.9n addition, calibation
temperatures, which generally reflect the environmental temperature, comments on
weather conditions, processes, such as seining and running water, and comments on the
biotic environment aroundhé ponds was recorded every day

The first seining evdnn the ponds took place on March 19, 2008, approximately
one week after the experiment started. This was used as the baseline data to determine
how quickly the rainbows may be consumed by the pike. After seining Pond 3 the first
time, the fish were caued and returned to the pond. The second pass through pond 3
took place after seining pond 4 which allowed the fish in pond 3 to redistribute
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throughout the pond. Pond 3 was seined twice to determine if seining would give an
accurate, repeatable measoféhe number of fish left in the pond. The results of the

two seining events in pond 3 were very similar (Table 2.6), indicating that seining was a
good method of capture for accurately measuring the populations in the ponds.

Species Pond1 | Pond2 | Pond 3 | Pond 3(2) | Pond 4
Rainbow Live 69 67 75 73 61
Pike 2 0 1 2 2
Rainbow Dead 0 0 1 0 0

Table 2.6 Results showing the number of each species caught in each of the ponds in
the first seining event that took place on March 19, 2008.

The second seing event took place on March 26, 2008, approximately two
weeks after the experiment started. In this seining event, the number of which cross was
recorded for each of the ponds. In addition, two passes were made through each pond in
order to get a moraccurate removal estimate of the trout population left in the ponds
(Table 2.7). The proportion of each cross left in the ponds was also estimated. In the
control ponds, Ponds 1 and 4, of the 36 individuals that were stocked per strain, 94% of
the GR indviduals, 94% of the F1 individuals, 100% of the F2 individuals, and 89% of
the B2 individuals were still left in the ponds, compared to the CRR individuals, which
only had 50% of the stocked population left in the ponds. In the infected ponds, Ponds 2
and3, 94% of the GR individuals, 94% of the F1 individuals, 94% of the F2 individuals,
and 89% of the B2 individuals stocked were still left in the ponds, compared to the CRR
individuals, which only had 56% of the stocked population left in the ponds. 94%%l,
of the GR individuals, 94% of the F1 individuals, 97% of the F2 individuals, 89% of the
B2 individuals and 53% of the CRR individuals, of the 72 individuals stocked per strain,
were left at this time. Numbers of trout in each pond were similardghitly higher
than the first seining event, likely due to the addition of the second pass through each
pond which helped to estimate the population more accurately.

The third seining event took place on April 9, 2008, approximately four weeks
after theexperiment started. Again, the number of which cross was recorded for each of
the ponds after a two pass removal (Table 2.8). The proportion of each cross remaining
in the ponds was also estimated. In the control ponds, 83% of the GR individuals, 83%
of the F1 individuals, 80% of the F2 individuals, and 72% of the B2 individuals stocked
were still left in the ponds, compared to the CRR individuals, which only had 39% of the
stocked population left in the ponds. In the infected ponds, 92% of the GiRluads/

83% of the F1 individuals, 86% of the F2 individuals, and 80% of the B2 individuals
stocked were still left in the ponds, compared to the CRR individuals, which only had
44% of the stocked population left in the ponttstotal, 88% of the GR ingiduals,

83% of the F1 individuals, 83% of the F2 individuals, 76% of the B2 individuals and
42% of the CRR individuals were left at this time. An average of 10 fish per pond, five
fish per pike, was consumed between the second and third seining events.
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Species Pond 1 Pond 2 Pond 3 Pond 4
Pass 1 Pass 2 Pass 1 Pass 2 Pass 1 Pass 2 Pass 1 Pass 2
GR 17 1 17 0 17 0 16 0
CRR 8 2 8 2 10 0 8 0
F1 16 0 17 0 17 0 18 0
F2 18 0 17 0 17 0 18 0
B2 16 0 14 0 18 0 16 0
Pike 1 1 0 2 2 0 2 0
75 3 73 2 79 0 76 0
Rainbow
S 78 75 79 76
Pike 2 2 2 2

Table 2.7. Results showing the number of each strain/species caught in the two passes
through each pond in the second seining event that took place on March 26, 2008. The
results of the two passes througach pond are combined and summarized at the bottom.

Species Pond 1 Pond 2 Pond 3 Pond 4
Pass1l | Pass2 | Pass1 | Pass2 | Pass1l | Pass2 | Pass1 | Pass 2
Hofer 16 0 16 0 17 0 14 0
CRR 7 0 9 2 4 1 7 0
F1 15 0 14 0 16 0 15 0
F2 14 1 13 1 17 0 13 1
B2 14 0 11 0 18 0 12 0
Pike 1 1 2 0 2 0 2 0
66 1 63 3 72 1 61 1
Rainbows 67 66 73 62
Pike 2 2 2 2
Eggs in pike Milt in pike Milt in pike

Table 2.8. Results showing the number of each strain/species caught in the two passes
through each pond in the third seining event that took place on April 9, 2008. The results
of the two passes through each pond are combined and summarized at the bottom along
with comments on the spawning condition of the pike in each pond.

The faurth seiningevent took place on April 23, 2008, approximately six weeks
after the experiment began. Again, the number of fish for each cross was recorded for
each of the ponds after a two pass removal. In addition, weights and standard, fork and
total lengths wes recorded for each individuallhe proportion of each cross left in the
ponds was also estimated. In the control ponds, 61% of the GR individuals, 64% of the
F1 individuals, 64% of the F2 individuals, and 42% of the B2 individuals stocked were
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still left in the ponds, compared to the CRR individuals, which only had 6% of the
stocked population left in the ponds. In the infected ponds, 72% of the GR individuals,
81% of the F1 individuals, 56% of the F2 individuals, and 69% of the B2 individuals
stocked werstill left in the ponds, compared to the CRR individuals, of which only 11%
of the stocked population was left in the pontistotal, 67% of the GR individuals, 72%
of the F1 individuals, 60% of the F2 individuals, 56% of the B2 individuals and 8% of
the CRR individuals were left at this time. An average of 20 fish per pond, ten fish per
pike, was consumed between the third and forth seining events.

These predation trials are an ongoing experiment. The goal is to track which of
the strains are disapgeng over time, and how the proportions relate to one another over
time. This experiment will be concluded once the rainbow trout are no longer present in
the pond, or are present in low enough numbers that consumption by the pike has ceased.

Protein and Lipid Analysis

The protein and lipid analyses used calculated the percent total lipids, and the
percent protein and nitrogen content, in a given amount of a dry sample. For lipids, there
was no significant difference in percent lipid content in tRiRGnfected, B2 control,

CRR control, and F1 control individuals. The GR control and infected individuals had a
significantly lower percent lipid content than did the F2 infected and control individuals.
In addition, the GR infected individuals had angigantly lower percent lipid content

than did the F1 infected and B2 infed individuals For protein, the GR control and
infected, and F2 control individuals had a significantly higher percent protein content
than did the F1 infected and control, Beicted and control, CRR infected and control,
and F2 infected individualsFor nitrogen, the GR control and infected, and F2 control
individuals had a significantly higher percent nitrogen content than did the F1 infected
and control, B2 infected and dool, CRR infected and control, and F2 infected
individuals

Discussion

The ultimate goal of this research project was to determine which of the strains
perform better, in terms of certain physiological characteristics that are important for
survival,when exposed to and not exposed to whirling disease. The myxospore count
results revealed that the CRR rainbow trout are very susceptible to whirling disease,
having higher spore counts, higher mortality, and a greater number of deformities as a
result ofthe disease. In addition, the more CRR genetics a cross has, the less resistance it
shows when exposed to whirling disease, as is the case with the B2s. Conversely, the
more GR genetics a strain has, as in the case of the F1s, the more resistamtiego whi
disease the cross exhibits. The pattern that is likely to develop from this trend is that
heritability of resistance also decreases when a cross has more of the CRR and less of the
GR genetics.
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Growth characteristics tend to follow the same treflde GR individuals were
the largest of the strains in both length and weight at the end of the growth experiment.
In conjunction with this, the GR individuals had the highest percent protein and lowest
percent lipid content of the strains, as well a&sltwest feed conversion ratio and highest
feed efficiency of all the strains. This is likely a result of a century of selection in the
German Hofer fish hatchery where the GR was grown as a food fish. Hatchery practices
have likely resulted in selectiaf the largest and fastest growing fish for spawning. The
F1 individuals were the second largest of the strains in both length and weight. They also
had the second lowest feed conversion ratio and second highest feed efficiency of all the
strains. Thigs likely a result of their genetic makeup, which consists of approximately
50% of the GR genetic alleles. The fewer GR alleles the cross has, the slower the
growth, the higher the food conversion ratio and the lower the feed efficiency. The CRR
individuals were the slowest growing individuals, having a fairly high feed conversion
ratio and lower feed efficiency, especially in the infected individuals. This is probably
caused by a combination of the historical growth characteristics of the straintradd a
of f between growth and the bodyds ability to
needed to convert food into body mass to combating the disease.

A different pattern was revealed in the swimming experiments. In this case, the
CRR strain wa able to reach higher critical swimming speeds than was the GR strain.
This is likely a result of the selection pressure that requiressirigdn fish to adapt to
changing water conditions in natural river systems where high flows and seasonal
fluctuations are common. These conditions are a strong contrast to the constant, slower
running, water conditions of hatchery raceways to which the GR strain has been confined
for over a century. The fact that there are no differences in critical swimming speeds
between infected and control individuals within a strain indicates that whirling disease is
not likely to affect the ability of a fish to reach typical critical swimming speeds.
However, whirling disease probably still has an effect on swimming, espestaly
individuals that are heavily infected display whirling behavior. Whirling behavior in a
river situation may cause the fish to be swept downstream if they are unable to correct
themselves fast enough. Given that the F1, F2 and B2 crosses reachedngnspeeds
that did not differ from either the GR or CRR, these crosses are likely able to survive the
same flow conditions as the wild CRR.

The pond experiment has also yielded some unexpected results. The original
theory was that since the CRR stram@ wild strain, they were more likely to be able to
identify and avoid predators. Conversely, the GR strain, having not been exposed to
piscine predators for over a century, may not recognize a predator nor avoid it if it
approached. However, basedtba results, the CRR is the most susceptible to predation
of all of the strains. One explanation for this is the large difference in size between the
CRR individuals, and the individuals of the other strains stocked into the ponds. Because
the CRR is avery slow growing fish, it was not possible to grow them to the same size as
the other strains, especially the GR, before the start of the pond experiment. Because of
their smaller size, the pike may have been more likely to consume these fish based on
their gape size. The CRR strain fish in both the infected and control ponds were less
numerous than the other strains at this stage of the experiment. If this were simply a
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function of disease effects, the proportion of CRR individuals should be much imghe
the control ponds than in the infected ponds. The individuals in the infected ponds are
heavily infected, more likely to whirl, thereby attracting attention and making it hard for
them to escape from an approaching predator. Also, the other beaigsn equal
proportions, and fairly close in size, indicates that one strain is not more susceptible to
predation than another. The final results of this experiment will provide more insight as
to which of these strains, if any, are more susceptiljeetdation, especially now that

most of the smaller fish in the ponds have been selectively eaten.

The results of the pond experiment do suggest that there is a minimum stocking
size for susceptibility to predation. The majority of the individualstihae been
consumed thus far have been on the smaller range of those stocked, whereas the larger
individuals have been disappearing at a much slower rate. Larger size at stocking is an
important concept to recognize, not only in the case of waters thaircpike as the top
predator, but also in waters that have predators, such as brown trout, that can be just as
voracious. As further introduction to wild situations occurs, this will be a major
component in the survival of these fish, in addition tortability to survive exposure to
whirling disease.

Based on the results of this experiment, we conclude that the F1 cross is the best
candidate for repopulating Coloradods rivers
the tested strains. The Flastr has better growth than the pure CRR strain, and its
swimming ability does not differ from the CRRs. In addition, it is still well represented
in the pond experiment suggesting that these individuals may be able to identify and
avoid predation. Thenate of growth allows them to grow fast enough to possibly
exceed many of the wild predatordés gape | i mi
allow them to survive better when infected with whirling disease. The production of
fewer mature myxospores lalso result in fewer spores contributed back to natural
systems where they are stocked. Finally, the F2 cross performed similarly in the
infection and swimming trials, and still had a faster growth rate than the B2 or CRR
strains. This indicates thabme of the GR resistance and growth characteristics can be
passed through the F1 generation onto subsequent generations, possibly leading to a self
sustaining wild trout population in areas where one has not existed for over a decade.

Further research i these fish in the field will lead to a better understanding of their
survival under natural conditions, both physiologically and in the face of whirling
disease.
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Experiment 3: Heritability of Myxospore Count, Genetic Correlations, and
Effective Numbe of Genes Involved in Resistance in Whirling
Disease Resistant and Susceptible Strains of Rainbow Trout

Quantitative genetics is a form of genetics that operates under the basic idea that
phenotypic variation and expression of a trait is dependent ofabtiars, the underlying
genetics of the trait, and the environment in which an individual strain or population
exists. Quantitative geneticgs a wholeoperates under the idea that trait expression and
transmission can be measured without the necesfsSiRNA, in other words, by
examining the phenotypic expression of the trhitllows the researcher to both
understand how the trait workand how it is passed from generation to generation
without knowing the exact gene or set of genes that cdoirtiie trait. The quantitative
genetics method is invaluable in situations such as this, where the genes involved in such
processes as resistance to whirling disease in the Hofer (GR) strain are still unknown. By
examining the phenotypic variability myxospore count, heritability of myxospore
count, genetic correlations between myxospore count and other physical and
physiological processes, the effective number of genes involved in resistance can be
estimated.

In this experiment, variation in myxosgocount was examined in five strains of
rainbow trout, the Hofer (GR) trout strain, the Colorado River rainbow (CRR) trout
strain, and three intermediate strains, the F1, F2 and B2 strains. The GR strain is a
domesticated hatchery strain from Germany ighgtown as a food fish for human
consumption. For over a century, the GR strain has been exposed to the whirling disease
parasiteMyxobolus cerebralian the Hofer Rainbow Trout farm in Bavaria. Through
hatchery selection processes, this strain kasldped a resistance to whirling disease, as
those individuals that survived exposure to the disease were selected to spawn subsequent
generations. However, as a result, domestication selection has also occurred, as
individuals that survived well undeatcthery conditions were also selected to spawn
subsequent generations. Due to this type of selection, the GR strain is considered
domesticated, and it is suspected that it no longer possess the characteristics necessary for
survival in natural systemsn khddition, the GR strain is known to be inbred, and may not
possess the genetic variability needed to adapt to changing conditions in the wild. The
CRR strain is a wild rainbow trout strain that has historically been used to stock many of
Co | or a @mséusd rigets beeause of its ability to survive and reproduce in the wild.
However, the CRR strain is one of the most susceptible strains of rainbow trout to
whirling disease, and has experienced large population declines as a result of exposure to
whirling disease. In addition, little to no natural recruitment has occurred in the wild in
areas where a hig¥l. cerebralisinfection exists.

A selective breeding program was initiated to create several generational strains
by crossing the GR and CRR stsimvith the ultimate goal of creating a strain of
rainbow trout that would have the correct combination of resistant and wild rainbow trout
characteristics that would allow it to survive and reproduce in areas whereM.high
cerebralisinfection exists.Three intermediate strains have been created. The F1 strain is
the first filial generational cross between the GR and CRR strains, and is created by
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spawning a GR individual (male or female) with a CRR individual (male or female).
Based purely on Mendaln segregation, this strain is 50 percent GR and 50 percent CRR,
expressing characteristics of both strains. The F2 strain is the second filial generational
cross between the GR and CRR strains, and is created by spawning an F1 male from one
family with an F1 female from a different family. This strain is also effectively 50

percent GR and 50 percent CRR. However, any given genotype in this strain has a 25
percent chance of being homozygous GR, expressing onljk&Rharacteristics, a 50
percent chancef heterozygous GERR, expressing characteristics of both, or a 25
percent chance of being homozygous CRR, expressing onlyl€&Bharacteristics.

The B2 strain is the first generational backcross between the F1 and CRR strains, and is
created by spaming an F1 individual (male or female) with a CRR individual (male or
female). This strain is effectively 25 percent GR and 75 percent CRR, with any given
genotype having a 50 percent chance of being heterozygo3RER expressing
characteristics of botlor a 50 percent chance of being homozygous CRR, expressing
only CRRlike characteristics. The genetic variation possible due to recombination and
linkage characteristics of the genes in these strains leads to a lot of phenotypic variation
in myxospore oaunt, which in turn can be used to calculate heritability of myxospore
count, and to understand how resistance characteristics are passed on to subsequent
generations of these intermediate strains.

Heritability of a character determines the degree ofmbtance between
relatives, and is calculated using either a foilhalfsibling analysis, or a parent
offspring regression. Heritability estimates are used as a guide to predict which
individuals to spawn and how the selected trait will change in subsegenerations.
This change can occur either through natural selection in the wild, or through a selective
breeding program under hatchery conditions. It is important to understand that
heritability calculations are based on the variability seen wélgiven trait across
related individuals within a strain, and therefore, it is the variability seen within the
strains that lends an estimate of heritability of myxospore count. Heritability of
myxospore count as a result of exposurklt@erebraliswasevaluated using a single
pair mating design. The development of all the strains from pairs of individuals resulted
in unique families containing full sibling offspring for each strain. The full sibling
analysis includes both an additive and dominancenee component, and is therefore
an estimation of heritability in the broad sense, which measures the extent to which
phenotypic variation is determined by genotypic variation. Variance components used in
the calculations were estimated using ANOVA. Xdgpore count was log transformed
prior to analysis.

In addition to heritability, genetic variation within individuals allows estimation
of the correlation between characteristics. Deformity development as a result of exposure
to whirling disease, groth, and swimming ability of both exposed and unexposed
individuals, were previously examined for each of the five strains described above, and
correlations were estimated between these characteristics and myxospore count. Three
correlations can be estineat from the data: genetic, environmental and phenotypic.
Genetic correlations estimate the degree to which two traits are affected by the same
genes or pairs of genes, or in other words, the amount to which the two traits covary
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genetically. Environmenka&orrelations estimate the degree to which two traits respond
to variation in the same environmental factors. Phenotypic correlations estimate the
degree to which the expressions of two traits covary. Each of these correlations gives
information on howdifferent characteristics of interest will respond together in
subsequent generations. Variance components from the heritability calculations
described above, as well as covariance components between traits estimated from
ANCOVA, were used to calculatel #hree correlations.

A line-cross analysis was used to calculate the effective number of fag)doy (
which the resistance characteristics in the GR and CRR strains differed, estimated by the
CastleWright estimator. The quantity is equivalent tahe number of freely
segregating loci with equal effects that would yield the observed pattern in the two
genetic lines, and assumes independent assortitexplains whether phenotypic
variation is caused by a large number of genes with relatively sffedts or a few
major genes with large effects. It is also an important determinant in artificial selection
programs of whether a search for informative markers is likely to be successful. Low
values ofn, would suggest that genes responsible fostaste are contained on
relatively few chromosomes and higher values suggest that resistance is spread over
several or all chromosomes. In addition, the-tness analysis was used to determine if
an additive or additivelominance model best fit the dat@he additive model assumes
that all genetic effects are additive within and between loci, where the F1 and F2 lines
exhibit median phenotypic expressions between the two parental lines, and the
backcrosses exhibit median phenotypic expressions betiveéiltand parental line. The
additivedominance model assumes that some genetic effects are the result of dominance
in one parent. Dominance results in phenotypes that are more similar to the dominant
parent. It was also used to determine if dominamoen(the additivedominance model)
accounted for a significant proportion of variance in the strain means.

Variation in myxospore count, both within and between families of the strains,
indicated that heritability was estimable for all of the straingpeEtations, based on the
variance in myxospore count and response to disease in terms of average myxospore
count, for each of the strains were developed based on the predictions of the additive
genetic model. The GR strain was expected to have a loatigarin myxospore count,
and a low response to the disease, because the genes involved in resistance to whirling
disease should be approaching fixation in this strain. The CRR strain was expected to
have a low variation in myxospore count, and a highaese to the disease, because the
development of resistance genes should not have occurred yet for this strain; each
individual in this strain was expected to be equally susceptible to the disease. The F1
strain was expected to have a low variation in agpore count, and an intermediate
response to the disease between the GR and CRR strains, because the individuals in this
strain should have obtained half of their genes from the GR strain, and the other half from
the CRR strain. The F2 strain was expédtehave a similar response to the disease as
the F1 strain, but the highest variation in myxospore count of all of the strains due to the
differences in segregation and recombination of the parental genes in the individuals of
this strain. Finally, th®&2 strain was expected to have an intermediate variation in
myxospore count to the F2 and CRR strains, and an intermediate response to the disease
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between the F1 and CRR strains, due to the differences in segregation and recombination
of genes in the indiduals of this strain as a result of the backcrossing between the F1

and CRR strains. The F1 and F2 strains deviated from these expectations, with the F1
strain having a slightly higher variation in myxsopore count and lower response to the
disease thanxpected, and the F2 strain exhibiting a lower variation in myxospore count
than expected and differing from the F1 strain in their response to the disease (Figure
2.3).

The F2 strain had a broad sense heritability estimate for myxospore count as a
resultof exposure to whirling disease of 0.34 + 0.21; the F1 and GR strains were
similarly low in their heritability estimates for myxospore count with estimates of 0.42 +
0.23 and 0.34 + 0.21, respectively. The B2 strain had a higher broad sense heritability
estimate than the F2 strain, with an estimate of 0.93 + 0.28. Interestingly, the CRR strain
had a higher broad sense heritability estimate than expected at 0.89 + 0.28 @alde 2.
heritability estimate of 0.3 or larger is considered a high heritab#itynate.

The heritability estimates for all of the strains are considered high (greater than
0.3), indicating that there is a high selection differential in all of the strains. This means
that through selection, whether it occurs through the seldateexling program or by
natural selection in the wild, the allele frequencies of the population can be changed in
subsequent generations, increasing resistance in future generations. The lower
heritability estimate and lack of variability in myxospore dpimthe GR strain indicates
that selection for resistance has already occurred under hatchery conditions, and that the
genes controlling for lowered myxospore count in the GR strain are approaching fixation.
The fact that heritability estimates remaomwlin the F1 and F2 strains indicates that
heritability remains similar in the first few generations, meaning that resistance to
whirling disease will not be lost as quickly in the first few generational crosses of the GR
and CRR strains. Finally, the higr than expected heritability estimate in the CRR
strains indicates that either the CRR strain has some innate resistance to the disease, or
that over the last two decades of exposure in Colorado, this strain has started to develop a
resistance to the diase.

Genetic correlations between myxospore count and deformities were rarely
significantly different from zero. Genetic correlations between myxospore count and
physiological characteristics were also rarely significantly different from zero. The only
significant genetic correlation with a physiological trait was between myxospore count
and swimming performance in CRR, and the correlation was negative. Environmental
correlations between myxospore count and deformity were higher than the genetic
correltions, and often significantly different from zero, in the F2 and B2 strains. The
environmental correlation between myxospore count and weight was also higher than the
genetic correlation, and significantly different from zero in the F2 and B2 strains;
however, the environmental correlations between myxospore count and length, and
myxospore count and swimming ability were low and not significantly different from
zero. Phenotypic correlations between myxospore count and deformity were similarly
higher tha the genetic correlations, and often significantly different from zero, in the F2
and B2 strains. The phenotypic correlation between myxospore count and weight was
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also higher than the genetic correlation, and significantly different from zero in the F2
and B2 strains; however, the phenotypic correlations between myxospore count and
length, and myxospore count and swimming ability were low and not significantly
different from zero (Table 20).

The low genetic correlations between myxospore count anslgibgical
characteristics indicate that it is possible to select for lowered myxospore count without
selecting for/against or changing the other physiological traits. The higher environmental
correlations between myxospore count and deformity formatidicate that there is not
likely a genetic basis for deformity formation, but that the environmental conditions that
the fish is experiencing are more likely responsible for whether or not a certain deformity
will be expressed in that individual. The hegtphenotypic correlations between
myxospore count and deformity formation indicate that a deformity is more likely to
occur with increasing myxospore count.

The effective number of factorse] by which the GR and CRR strains differ in
relation to myxospre development is 9 + 5. The test statistic for the likelihatid test
between the additive and additideminance model was not significaRt£ 0.0836),
indicating that the model of best fit for the data was the additive model. However, there
is sill some evidence that dominance may play a role in how the resistance
characteristics of the GR strain are passed on to the F1 and F2 strains. Dominance
appears to break down in the B2 strain, leading to the large amount of variation in
myxospore counteen in the families of this strain.

This is the first estimate of the number of genes involved in resistance in the GR
strain. Though researchers have been able to make a connection between the interferon
system and resistance in the GR strain, the Bpggnes involved in resistance are till
unknown. Since the estimated number of loci involved was low, it is reasonable to
believe that a search for informative molecular markers should provide information on
the exact location of the loci involved irsistance to whirling disease.

Further work with genetics is planned for the future. Because we have built up a
large amount of genetic material from both this and previous experiments conducted
throughout the course of the selective breeding programgyitbe possible to use AFLPs
(Amplified Fragment Length Polymorphisms), SNPs (Single Nucleotide
Polymorphisms), or other sequencing techniques to identify differences in the GR and
CRR strains nuclear or mitochondrial genomes, and identify the exasbizcaf the
genes involved in resistance. In addition, it may be possible to track the changes in allele
frequencies over time for the CRR strain, both through previous experiments and in the
future, to determine if genetic resistance characteristicsaapgeexposure of this strain
to whirling disease in the state of Colorado continues. Finally, the heritability estimates
can be used to aid in selecting individuals from the current broodstock of the GR and F1
strains for use as parents to spawn fut@megations, utilizing the selection potential in
these strains to increase resistance in future generations.
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Figure 2.3. Comparison of myxosporeant per family for each of five strains (with
reciprocal families split out for the F1 and B2 strains) exposédl terebralis Ten

families are represented in the GR and CRR strains, as well as in the reciprocals of the F1
and B2 strains, and 20 fan@$ are represented in the F2 strain. Notice that despite
expectations, variance is low in the F1 and F2 families compared to the B2 families. In
addition, variance is higher than expected in the CRR strain.

Table 29. Broad sense heritability estimatef myxospore count as a result of exposure
to M. cerebralis standard errors (as calculated using the formula from Becker (1992),
representing 2 SE), and 95% confidence intervals (for + 2 SE), for the five strains of
rainbow used in thil. cerebralisexposure experiment

Strain H? Myxospore Standard Error 95% Confidence
Count Interval
GR 0.34 0.21 (0.13, 0.55)
F1 0.42 0.23 (0.19, 0.64)
F2 0.34 0.21 (0.13, 0.55)
B2 0.93 0.28 (0.66, 1.21)
CRR 0.89 0.28 (0.61,1.17)
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Table 210. Genetic, environmeat and phenotypic correlations between myxospore
count and deformity or physiological characteristic, and standard errors (in parentheses),
for the five strains of rainbow trout used in #ecerebralisexposure experinme. A --ii

e

i ndi c adoreektion far ghat defohmity or physiological characteristic was

inestimable for that strain. A A=====0
within a given strain, and therefore, genetic correlations could not be estimated.
Significac e i's i ndicated by an A*o0.
Deformity/ GR F1 F2 B2 CRR
Characteristic
Overall
Genetic ~ ===== 0.01(0.02) -0.001 (0.01) -0.0001 (0.007) =====
Environ.  ===== 0.23(0.10)* 0.19 (0.11)*  0.68 (0.38)* =====
Phenotypic ===== 0.14 (0.07)*  0.14 (0.08)* 0.15(0.06)* =====
Cranial
Genetic =~ ===== 0.02 (0.02) 0.002 (0.01) 0.003 (0.006) =====
Environ.  ===== 0.26 (0.11)* 0.20 (0.11)*  0.78 (0.42)* =====
Phenotypic =~ ===== 0.15 (0.06)*  0.15 (0.08)*  0.15 (0.06)* =====
Spinal
Genetic -0.04 (0.06)  0.02 (003) 0.01 (0.01)  0.005 (0.006) -0.007 (0.02)
Environ. 0.34(0.12)* 0.23(0.10)* 0.20 (0.11)*  0.72 (0.41)* -
Phenotypic 0.26 (0.10)* 0.16 (0.07)* 0.14 (0.08)*  0.13 (0.06)*  0.45 (0.13)*
Exopthalmia
Genetic 0.19 (0.13)* 0.01 (0.02)  0.01(0.02)  0.002 (0.006) =====
Environ. 0.32(0.15)* 0.12 (0.10)*  0.08 (0.11) 0.30 (0.37) =====
Phenotypic 0.27 (0.10)* 0.08 (0.07)*  0.07 (0.09) 0.05 (0.06) =====
Lower Jaw
Genetic  0.14 (0.18) =====  0.006 (0.005)* 0.001 (0.007) -0.001 (0.01)
Environ. 0.19 (014)* ===== 0.12(0.13)  0.37 (0.33)* -
Phenotypic 0.18 (0.10)* ===== 0.07 (0.07) 0.08 (0.07)  0.34 (0.13)*
Opercular
Genetic 0.18 (0.13)* 0.03 (0.02) 0.01 (0.009)  0.01 (0.009)  0.01 (0.01)
Environ. 0.47 (0.13)* 0.20 (0.11)* 0.19 (0.12)*  0.53 (033)*  0.98 (0.50)*
Phenotypic 0.38 (0.09)* 0.13 (0.06)* 0.13 (0.08)*  0.13(0.07)* 0.29 (0.13)*
Blacktail
Genetic ~ ===== ===== 0.01 (0.01)  0.007 (0.007) 0.02 (0.01)
Environ.  ===== ===== 0.04 (0.11) 0.20 (0.31)  ------
Phenotypic =~ ===== ===== 0.03 (0.®) 0.05(0.07)  0.27 (0.11)*
Weight
Genetic  0.07 (0.13) 0.006 (0.02) 0.005 (0.009) 0.004 (0.01) 0.006 (0.01)
Environ. 0.16 (0.17) 0.15(0.10)* 0.15(0.13)*  0.37 (0.31)*  0.58 (0.58)
Phenotypic 0.13 (0.10)* 0.10 (0.07)* 0.09 (0.07)*  0.09 (0.07)*  0.16(0.15)*
Length
Genetic  0.05 (0.16) 0.002 (0.02) 0.002 (0.008) 0.001 (0.009) 0.002 (0.01)
Environ. 0.05(0.15) 0.05(0.10)  0.05 (0.14) 0.12(0.29)  0.16 (0.56)
Phenotypic 0.05(0.11) 0.03 (0.07)  0.03 (0.07) 0.03(0.07)  0.05(0.16)
Swimming
Genetic ~ ===== 0.03 (0.51) ===== 0.01 (0.07) -0.35 (0.17)*
Environ. ===== 0.06 (0.63) ===== e e
Phenotypic =~ ===== 0.03 (0.24) ===== 0.01 (0.21) = -----
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HOFER-HARRISON LAKE CROSSES
Past evaluations of pure Hofer (GR) and Harrison strains of rainbow trout

Much of the laboratory workkom 2006 through 2008 wdscused on the GR
Colorado River rainbow trout cross varieti@hat strain has been primarily designated
to be used for restablishing wild rainbow trout populations in rivers. The GR@Rd
Harrison Lake varieties were tested in 2005 and 2006 as varieties for use as catchable
products in puandtake fisheries. With the increased use of the variety in the CDOW
hatchery systenGGR-Harrison strain fish are being used to fill requests fan{slin put
grow-andtake waters as fingerlings.

Evaluations of the pure Harrison and GRarrison varieties for resistanceb
cerebralishad been previously limited to experiments conducted in 2003 and 2004. In
2003, the Harrison Lake strain was qumared withBig Thompson rainbow trout,

Colorado River cutthroat trout, and Colorado River rainbow trout in a laboratory setting.
Fingerlings from each strain were exposed to 2,358 TAMs per fish, divided into three
replicate groups of 30 fish each, andgelad into 76 L glass tanks fed with 1 L/min well
water at 13 eC an Onaseak of@ddColdrano Riverirainleowsiadn t h s .
the highest infection severity with an average of 4.00, followed by Big Thompson
rainbows with a score of 3.93, ColomRiver cutthroats with a score of 3.87, and

Harrison Lake rainbows with a score of 3.60. PTD testing resulted in significantly
different F [3,69= 17.04,P = 0.0008) myxospore counts among the four strains (Table
211) . Duncanos muantaliphaleeel set ati0.Q5aderttifed Big wi t
Thompson rainbows as developing significantly more myxospores than the other strains.
Colorado River cutthroats and Colorado River rainbows were not significantly different
from each other. Harrison Lake raimbtrout developed significantly fewer spores than

Big Thompson and Colorado River rainbows, but not significantly less than the Colorado
River cutthroats.
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Table 211. PTD and PCR results of Colorado River cutthroat, Colorado River rainbow,
Harrison Lakeaainbow, and Big Thompson River rainbow exposellt@erebralisat a
dose of 2,358 AMS per fish as two montbld fry after five months.

PTD Results PCR Results
Strain Myxospore Percent Infection Percent
counts positive Score Positive
Colorado River @tthroat 278,725 100.0 3.6 100.0
249,319 100.0 4.0 100.0
85,672 100.0 4.0 100.0
Average 204,572 100.0 3.9 100.0
Colorado River Rainbow 273,671 93.3 4.0 100.0
496,380 100.0 4.0 100.0
235,931 93.3 4.0 100.0
Average 335,327 95.5 4.0 100.0
Harrison Lake Rainbow 188,487 100.0 3.0 80.0
132,519 73.3 4.0 100.0
91,56 60.0 3.8 100.0
Average 137,523 77.7 3.6 93.3
Big Thompson Rainbow 758,254 100.0 3.8 100.0
586,701 100.0 4.0 100.0
681,945 100.0 4.0 100.0
Average 675,633 100.0 3.9 100.0

The reported resistance of the Harrison Lake rainbow trout and the encouraging
preliminary results of the lab experiment in 2003 led to a second experiment in which the
Harrison Lake rainbow trout would be exposed to chronic low levels of infection at an
infected trout rearing facility. A total @0 Harrison Lake and 750 Tasmanrainbow trout
of the same size and age were transported to the Poudre Rearing Unit. These fish were placed
together in the lower raceways at the facility where exposuve terebraliswas expected to
occur. Fish were reared for four months befordfitsecollection of 60 fish was made for
PTD analysis. Samples were collected again at six, eight, 10 and 12 months toMest for
cerebralisinfection severity. This sampling protocol allowed comparison between the
Tasmanian and Harrison Lake straiasd identification of changes in myxospore counts over
time in both strains in a chronic lelevel exposure environment. Because of the cold water at
the facility, M. cerebraliscould not be identified in any of the fish until the 10 month sample.
In boththe 10 and 12 month samples, the Harrison Lake variety had significantly lower
infection than the Tasmanian strain as tested with PTD (Figdye 2.
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Figure 2.4 Myxospore counts for Harrison Lake and Tasmanian rainbow trout reared at the
Poudre Rearing kit for 10 and 12 months.
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In 2004, a laboratory experiment was conducted to test not only the pure Harrison
Lake strain, but also the GR and Harrison Lake (50:50) cross, and pure Hofer strain
rainbow trout. In this experiment, indlilual families (single male/female matings) were
used as replicates, with 30 fish per family. Fish from each group were exposed to an
average of 2,000 triactinomyxons per fish as-manth old fry The fish were then
reared for five months. Ten fistofn each family were randomly selected for myxospore
counts. The GR rainbow trout and Harrison Lake x Hofer rainbow trout developed the
lowest spore counts of the groups tested (Tald2)2.The Harrison Lake rainbow trout
also performed well in this expment, but the mean spore count of 20,398 myxospores
per fish was higher than the Hofenoss variety. The Hofer x Harrison Lake crosses
were very resistant to the parasite, with an average myxospore count of only 3,168 per
fish in the five families testd. The families created from this cross were relatively
uniform in their resistance td. cerebralis(Figure 25).
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Table 212. Overall myxospore counts, prevalence of infection, and mortality in GR,

Colorado River Rainbow, Harrison Lake rainbow, anosses of those strains exposed to
2,000 TAMs per fish.

Strain Families| N [Spore Count PTD Mortality
Mean [Infected (%) (%)
GR Rainbow 5 50 3,593 30.0 0.8
GR (f) x Harrison Lake Rainbow (m) 5 50 3,168 30.0 5.0
Harrison Lake Rainbow 1] 10 20,398 40.0 16.7

Figure 25. Myxospore counts for individual familied Hofer, Harrison Lake, and
50:50 crosses of the strains.
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In 2009, experiments were designed to furtheggahe susceptibility of the GR,
Harrison, and crosses of the straindftacerebralis Three separate experiments were set
up to run at the same time, with eight varieties of fish. These included pure GR, pure
Harrison Lake (HL), pure Tasmaninan rainb@wAS), GRHL (50:50) cross, GRHL
(75:25) cross, GRMHL (87.5:12.5) crossa GRSnake River cross (HH), and Bellaire
rainbowSnake River cutthroat (50:50) cross (RXN). All of the lots were coded wire
tagged prior to the experiments, so positive idemtiion of each fish to strain would be
possible without physical separation. These eight varieties were reared to the same size
and as close to the same age as possible prior to the experiments. These experiments
were started in the summer of 2009, smathe experiments are not entirely complete.

Resistance Experiment 1Aquarium Experiment

This laboratory experiment was set up to evaluate the parasite load of each of the
eight varieties of fish exposed to known doses of the parasite in a cahietting. In
this experiment, the fish were separated by strain to preclude strain interactions on
growth and parasite loads that may occur due to elevated stress in the less aggressive
strains.

Methods

Twenty fish of each of the eight strains wptaced in two replicates of eight 76 L
aguariums. One set of eight agquariums was used as the treatment group, and one set of
eight aquariums was used as the control group. Weights and lengths of each fish were
recorded at the beginning of the experimdntboth this experiment and in Resistance
Experiment 2, the exposure levels were between 1,500 and 3,000 TAMs per fish
depending on the actual number available in the filtrate. This varied depending on the
TAM production from the infected. tubifexcultures used. These levels are known from
previous experiments to cause relatively high infection in susceptible fish. In this
experiment, the treatment group was exposed to 2,956 TAMs per fish on July 15, 2009.

The fish were reared in the aquariumshw liters per minute flovthrough of
ambienttemperature lake water. The fish in this experiment were sacrificed on January
15, 2010 for infection evaluation at six months pogtosure. Weights and lengths of all
fish surviving to the end of the exppment were recorded, and parasite load for each fish
was measured by pepsirypsin digest (PTD).

Results
Mortality was low for most of the test lots. In the aquarium holding the GR
Harrison (75:25) fish, the standpipe was dislodged, which resultbd oheath of 13 of

the 20 fish. However, the remaining seven survived until the end of the experiment and
were evaluated. The single lot that experienced other mortality was the pure Harrison
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Lake lot, in which three individualdh died over the coursd the sixmonth rearing

period. Growth of the eight varieties (both control and treatment) was variable (Table
2.13). As with many of the previous experiments in which GR strain rainbow trout have
been reared, this particular strain, and crosses vgth@R background outgrew the

other varieties.

Table 213. Weights and lengths of eight varieties of rainbow and rairbatthroat
crosses at the beginning and end of Experiment 1.

Pure Pure Pure | GR:HL | GR:HL | GR:HL | HHN RXN
HAR TAS GR 50:50 | 75:25 | 87.5125

Control Length (mm) 92 114 120 116 117 111 105 98
July 2009 | Weight () | 8.2 176 210 |178 |185 |165 |120 |10.1

Treatment | Length (mm) 91 113 114 115 112 114 104 96
July 2009 | Weight (@) | 7.6 176 |17/5 (176 |154 |1/6 122 |99

Length mm) | 91.5 | 113.5 | 117.0 | 115.5 | 114.5 | 112.5 | 104.5 | 97.0
Weight (9) | 7.9 1v6 |193 |17.7 170 |170 |12.1 |10.0

Average

Control Length (mm) | 163 191 222 201 205 199 198 187
April2010 | Weight(9) | 46.4 |85.1 |134.9 |89.3 |98.3 |934 |854 |725

Treatment | Length (mm) | 162 197 237 213 206 207 200 178
April2010 | Weight(9) | 47.6 | 92.4 |150.5 [113.8 [94.7 |99.4 |94.3 |65.9

Length (mm) | 162.5 | 194.0 | 229.5 | 207.0 | 205.5 | 203.0 | 199.0 | 182.5
Weight(@) | 47.0 |88.8 |142.7 |101.6 |96.5 |96.4 |89.9 |69.2

Average

Nl | enen@m (7101805 | 1125|915 910 [905 [945 |855
91391 |712 | 1234 |839 |795 |79.4 |77.8 |59.2

Myxospore counts among the treatment groups once again demonstrated the
resistance of the GR strain and crosses of the GR strain to be highly resistant to the
parasite (Figure B). The Tasmanian sirawas once again shown to be very vulnerable
to the parasite, and the HL strain also had relatively high infection levelsacedito the
GR strains. The HN strain performed quite well, with only one fish of 20 identified as
infected, with an average mgspore count of 193 for the strain. An unexpected result
among the control fish in the Tasmanian and the RXN strain was observed in this
experiment. Two fish of the 20 in the Tasmanian control group were identified as
infected, with an average of 647 rogpores for the group. One of the 20 fish in the
RXN group was also identified as infected, with an average myxospore count of 457 for
the group. It is possible that the fish became infected during the rearing period from
exposure to TAMs that were dravin through the laboratory intake from the lake and not
killed by the UV system. Another, less likely possibility is that these strains were
exposed in the facilities where they originated. If exposure did occur due to
contamination in the laboratorytake, it is surprising that none of the fish in the Harrison
Lake variety control group were identified as infected. In either case, the control group
should be considered to be lightly exposed rather than not exposed in this experiment.
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Figure 2.6. Myxospore counts at six months pegposure for eight varieties of rainbow
and rainbowcutthroat crosses. Treatment group exposed to 2,956 TAMs per fish.
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Resistance Experiment 2:Mixed Lot Experiment

This laboratory expé@nent had the same goals as the first experiment, but was
conducted with all eight strains reared together to avoid any tank effect that might occur
as a result of rearing single strains in each tank.

Methods

Twentyfive fish of each variety were plad into each of four 200 gallon circular
tanks for a total of 200 fish per tank. Starting weights and lengths were recorded for each
group. Two tanks were designated as treatment tanks, and two were designated as
control tanks. The first treatment tantas exposed to an average of 1,603 TAMs per fish
on July 22, 2009. The second treatment tank was exposed to 1,775 TAMs per fish on
Aug 8, 2009. The fish were reared in the circular tanks for the duration of the
experiment. The first replicate was reafedeight months, and sacrificed on March 22,
2010. The second replicate was reared for ten months, and sacrificed on June 5, 2010.
Both the treatment and control tanks for the second replicate were evenly divided into
four tanks after the first replitmwas sacrificed to avoid crowding in the second replicate
during the additional two months of rearing.
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Results

Lengths and weights of each of the different strains of fish are shown in Figure
2.7and 28. Large differences in growth between the iegdle groups grown out to ten
months were not much different than groups reared eight moR#®sults were very
similar to Experiment 1, in which varieties with more Hofer background grew much
better than those with without Hofer backgroumlre Harrisa and RXN varieties
exhibited the poorest growth as measured by both length and weight.

Myxospore resultfor boththe eight and ten month samples resulted in Harrison
Lake and Tasmanian strain fish harboring much higher levels of infection than the Hofer
crosses, or the RXN varigfigure 2.9) In the case of myxospore counts, the additional
two months of rearing dramatically increased parasite load in both of these Stitzns.
Hofer, Hofer crosses, and RXN varieties also exhibited increase in péwasitéut not
to the extent as was observed in the Harrison Lake and Tasmanian strains.
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Figure 2.7. Lengths for eight varieties of rainbow and rainbavtthroat crossesuring
Experiment 2.
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Figure 2.8. Weights for eight varieties of rainbow aralnbow-cutthroat crossesguring
Experiment 2.
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Figure 2.9. Myxospore counts for eight varieties of rainbow and rairdoatthroat
crossesluring Experiment 2 at eight and ten months {@agtosure.
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Resistance Experiment 3:Poudre Pond Experiment

This experiment was conducted to determine what level of infection and growth
would occur with each of the eight varieties reared together in a more natural setting that
is known to have high ambient levelshf cerebralis

Methods

This experimentvas an extension of the two laboratory experiments in which all
eight varieties were reared in two earthen ponds at the Poudre Rearing Unit. One
thousand fish of each variety were stocked into each pond, for a total of 8,000 fish per
pond. Samples wer@kected at eight months and 12 months peltase. In addition,
mortalities were collected throughout the study period. At the-eigimth collection
time, the ponds were still covered with ice, making random sampling a challenge. Ice
was broken at #nupstream end of each pond and a gill net was set. Thirty and 32 fish
were collected in this manner from Pond 1 and Pond 2, respectively.-ghodke
sampling was used to capture an additional 32 and 31 fish from Pond 1 and Pond 2,
respectively.During the 12month ollection each pond was seined, with 62 and 55 fish
collected from Pond 1 and Pond 2, respectivélly.samples collected from the ponds
were weighed and measured, and then coded wire tags were extracted from the fish to
identify the stran. The individual fish were tleenumbered, individually bagged. A sub
set was submitted for PTD testing.

Results

Catch results for the eigimionth sample by gear type are summarized in Table
2.14. No Harrison Lake rainbow trout were found during éightmonth postelease
sample among the 125 fish collected. Only five pure Tasmanian strain fish were found,
and six GRHarrison (50:50) crosses. The other strains were relatively uniform in catch,
ranging from 18 (14.4%) to 26 (20.8%).

The eightmonth length results suggest that the GR strain and high proportion GR
crosses such as the GRarrison (75:25) and GRiarrison (87.5:12.5) had slightly better
growth as measured in length compaiethe other strains (Figurel®). Each of these
strainsaveraged over 210 mm in length at eight months. Weight measurements
demonstrated even greater advantage to the GR strain and high proportion crosses, with
all three averaging over 100 grams (FigurELp.

The 12month length resulteere very similarwith the GR and high proportion
GR crosses having the best growth as measured by both weight and length. The high
proportion GR varieties were also present in the sample at higher rates than the other
strains(Table 2.15)The exception was the HHN vanein which growth as measured
by both weight and length was more comparable to the RXN variety.
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Table 214. Total catch for the eighthonth postrelease sample at Poudre Ponds.

Pure Pure Pure | GR:HL | GR:HL | GR:HL | HHN RXN
HAR TAS GR 50:50 | 75:25 | 87.5:125
Pond 1
Hook
and Line 0 0 7 2 13 6 2 2
Gill Net 0 1 6 0 3 4 9 7
Pond 2
Hook
and Line 0 3 5 3 4 10 5 8
Gill Net 0 1 6 1 6 6 4 1
TOTAL 0 5 24 6 26 26 20 18
(0.0%) | (4.0%) | (19.2%)| (4.8%) | (20.8%)| (20.8%) | (16.0%) | (14.4%)

Table 215. Total catch for the Xthonth postrelease sample at Poudre Ponds.

Pure Pure Pure | GR:HL | GR:HL | GR:HL | HXN RXN
HAR TAS GR 50:50 75:25 | 87.5:1125
Pond 1
Seine 1 4 14 2 8 23 6 7
Pond 2
Seine 2 3 10 2 12 16 2 3
TOTAL 3 7 24 4 20 39 8 10
(2.6%) | (6.1%) | (20.9%) | (3.5%) | (17.4%) | (33.9%) | (7.0%) | (8.7%)
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Figure 2.10. Lengths of eight rainbow and rainbawtthroat trout avss varieties upon
releaseeightand 12months postelease at the Poudre Rearing Ponds.
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Figure 2.11. Weighss of eight rainbow and rainbeeutthroat trout arss varieties upon
releaseeightand 12months postelease at the Poudre Rearing Ponds.
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Figure 2.12. Myxospore count by strain at the Poudre Rearing Unit at eight mamths
12 monthgostrelease.
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Myxospore countesults were very similar to the other experiments in which these strains
were evaluate@Figure 2.12) At both eight months and twelve months, the Tasmanian
strain exhibited much higher parasiv@dis tharthe other variges Average myrspore

count for the Tasmanian strain at twelve months was over 400,000 parasites. per fish
This high spore level, as observed in a highly infected natural environment, would
ungquestionably lead to amplification i cerdoralis in waters stocked with this

suceptible strain.

54



Job No. 3 Whirling Disease Resistant Domestic Brood Stock Development and
Evaluation

Job Objective: These experiments are focused on the performance of the Hofer (GR)
strain and GRHarrison strain sdomestic production fish compared with other
commonly used production fish.

Hatchery Performance Evaluations: Performance of a whirling disease resistant
rainbow trout strain at two Myxobolus cerebralipositive trout rearing facilities

Abstract

A recently identified strain of rainbow trout with resistance to whirling disease (GR) was
compared with Tasmanian and Bellaire rainbow trout strains in two separate trout rearing
facilities to evaluate its performance and susceptibilityit@erebralisinfection under
standard rearing conditions. Fish were brought to the facilities as either advanced
fingerlings or as eyed eggs. Growth in the GR strain was significantly faster than in these
other two domestic strains. Infection severity and prevalenitee GR strain was

significantly lower than in the other two strains. These results demonstrate that the GR
strain may be a useful replacement for more susceptible strains in facilities with a history
of M. cerebralisinfection.

Introduction

Whirling disease, caused Byxobolus cerebraliss known to cause severe
declines in wild rainbow trout populations, particularly in the Intermountain West
(Nehring and Walker 1996, Vincent 1996). The parasite has become established in many
fish culture facit i es as wel | . For examp-bperatedf i sh i n 1
trout rearing facilities were identified as infected with the parasite as recently as 1997
(Rich Kolecki, Colorado Division of Wildlife Chief of Hatcheries, personal
communication). Wihe infections from the parasite in hatchery situations do not
typically result in heavy mortality, other detrimental effects such as compromised
growth, performance, and conformation of the infected fish can occur. This can result in
reduced marketabijitof the fish in commercial operations. Possible spread of the
parasite from infected facilities can also be a damaging consequence. Spvead of
cerebralisthrough human transfer of infected fish is well documented, and considered to
be one of the printg routes of dispersal (Hoffmann 1990, Modin 1998, Bartholomew
and Reno 2002). Stocking of infected fish has been shown to increase the likelihood of
M. cerebralisestablishment (Schisler 2002), and greatly increase the ambient parasite
load and infectiorseverity in fish in the near vicinity and downstream of the stocked
locations (Nehring 2006). In some states, regulations require that facilities harboring the
parasite be depopulated and the parasite eliminated from the water supply or the facilities
beclosed.
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Fish culture problems related to whirling disease infection can be alleviated in
many cases through improved management practices to reduce or eliminate the parasite
(Hoffman 1990). Solutions include using well water or water treatment toeensu
parasitefree water supplies. Hatchery renovation, such as installation of concrete
raceways or lining earthen ponds can also help eliminate habitat for the intermediate host,
Tubifex tubifex These practices can greatly reduce the incidence anderey®f
infection in some locations. In Colorado, hatchery improvements have eliminated the
parasite from seven of the facilities previously identified as positive for the parasite. The
parasite cannot be eliminated in some facilities because of elaminfected water
sources. In these situations, hatchery managers may be somewhat limited in their ability
to reduce infection prevalence and severity.

Many previous studies have demonstrated that rainbow trout are quite vulnerable
to whirling diseaséThompson et. al 1999, Hedrick et al. 1999, Vincent 2002), and until
recently, all rainbow trout strains were considered to be very susceptible to the parasite.
The discovery of whirling diseasesistant rainbow trout strains (Hedrick et al. 2003,
Schiskr et al. 2006, Wagner et al. 2006) has provided hope that effects of the parasite
could be further alleviated through the use of these resistant strains in trout rearing
facilities whereM. cerebraliscannot be completely eradicated. The potential uigest
strains as a method to reduce impacts di. tcerebralishas generated considerable
interest. Performance of the GR strain in typical fish culture situations in the United
States has not yet been evaluated, and verification of the resistaneseo$trains to
whirling disease under normal culture conditions is needed to deterntiedr ifise is a
viable option. This study was designed to evaluate the growth and survival of the GR
strain when compared with other standard domestic strainsresegiative hatchery
situations.
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Methods

GR strain rainbow trout were evaluated at two separateaeratedM.
cerebralispositive trout rearing facilities. Both of these facilities rely on surface water,
and have a history of infection in fish redrat these locations. Bellaire strain and
Tasmanian strain rainbow trout are commonly used in Colorado as a catchable rainbow
trout product for puaindtake and pugrowandtake fisheries. In both of the trials
described herein, the Bellaire and Tasiaarstrain lots were reared through their normal
production cycle, and matched with equal numbers of the GR strain to compare the
growth and infectivity between the strains.

Chalk Cliffs Rearing Uniti The Chalk Cliffs Rearing Unit is located in the uppe
Arkansas River drainage near Nathrop, Colorado, at an elevation of 2,438 meters. The
facility was first identified as positive fdd. cerebralisin March, 1988. The facility
relies on surface water from Chalk Creek, and fish are reared in a seaeswéys and
earthen ponds. Warm springs in Chalk Creek result in an increased ambient temperature
through the winter months (Figure 3.1). Myxospore counts in fish collected from the
ponds on the facility during annual disease inspections have at tieraged over one
million per fish. Improved management practices such as regular removal of moralities
and rotation of active ponds, with periodic drying and excavating, have helped reduce
myxospore counts in recent years. However, because of its rebarsceface water, the
Chalk Cliffs facility cannot be completely rid of the parasite.

Eyed eggs of the GR and Tasmanian strain rainbow trout were transported to the
facility in December, 2005. The eggs hatched within a day of each other, and fry were
reared together in 0.2 x 3.5 m troughs in a hatchery building, fed w3 88rs per
minute surface water. At six months pbstch, the fish were moved to 1 x 50 m
raceways with a flow of 4,920 liters per minute for further growth, then to a 0.4aré&ect
pond for final growout at 11 months pos$tatch. Growth was measured periodically
throughout the rearing period, starting at four months-path, by using wet weights.
Direct length measurements for statistical comparisons were made at ninkadind a
months and one year pdsatch.

Samples were collected to test Mr cerebralisinfection and prevalence at three
months poshatch (1,002 degregays °C). Ten fish from each lot were collected and
euthanized with tricaine methanesulfonate fetdiogical analysis. Because of the size
of the fish, they were fixed whole in Davids
transferred to 70% ethanol. The bodies were embedded in paraffin, sectioned and stained
with hematoxylin and eosin by standard praged (Humason 1979). Two sections, one
30 microns deeper than the other, for each fish were evaluated for the presence of
microscopic lesions due ¥. cerebralis. The severity of microscopic lesions present in
stained tissue sections were evaluatecheyMacConnelBaldwin scale using a scale
from 07 5 with 5 representing the most severe lesions and 0O indicating no abnormalities
seen (Hedrick et al. 1999b, Baldwin et al. 2000).
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At five months poshatch (1,934 degregays °C), 10 fish of each strairere
again collected for histological analysis and 10 fish of each strain were collected for PTD
analysis. Heads were removed from the sample fish. Whole heads designated for
hi stological sectioning were preceduesed i n Da
were conducted as described above. If used for PTD analysis, heads were placed in
individually labeled plastic bags, and then held 26°C until processing. The samples
were then soaked in water at 45°C to soften the tissues, and then stefataits were
separated from soft tissue by agitation in a waidion electric shaker using glass
marbles as hammers. The samples were then decanted through disposable 190 um
calculi filters and rinse water was added back to the skeletal elementsificapan and
concentration by PTD (Markiw and Wolf 1974) and myxospore quantification
(0O6Grodnick 1975).

A third sample was collected during the facilities annual disease inspection, at
nine months podtatch (3,468 degredays °C). This collectioncourred after the fish
had been in the raceways for three and a half months (1,402 -dizy®C). Thirty fish
of each strain were collected for testing with PTD. These fish were processed for whole
head analysis as described previously.

Proc GLM in S system software was used to conduct tests in a general linear
model framework for differences in growth and infection severity (dependent continuous
variables) between strains (independent classification variable) for data collected during
each samplingvent. Wet weights over the course of the goawperiod were also
compared using Proc GLM, in a simple regression analysis. This analysis used strain as
an independent classification variable, days-pasth as an independent continuous
variable, andveight as a dependent continuous variable. Alpha was set at 0.05 for all
tests of differences in growth and infection severity.

Poudre Rearing Unit The Poudre Rearing Unit is located at an elevation of
2,347 meters above sea level in the Cachelal® Canyon, Northwest of Fort Collins,
Colorado. The facility relies on surface water drawn from the Cache la Poudre River,
which results in very slow growth at the facility during the winter months, when
temperatures drop to near freezing from Sep#arttirough April (Figure 3.2). The
facility has been positive favl. cerebralissince June of 1988. Fish produced at the
Poudre Rearing Unit are typically brought to the facility in the late summer or fall of the
year from the Bellvue Hatchery, near Laeg Colorado, as 8 to 4@n fingerlings. Fish
reared at the facility are used as a catchable product or as replacement brood fish.
GR and Bellaire strain rainbow trout were brought to the Poudre Rearing Unit in late
July, 2005, as 18m (4345 g)M. ceebralis-negative fingerlings. Each lot consisted of
1,550 fish. The GR rainbow trout were seven monthsipateh, and the Bellaire
rainbow trout were nine and a half months guatich. The age difference was necessary
to match the sizes of the fishyalto the rapid early growth of the GR trout. Increase in
size and age at exposure has been demonstrated to reduce infection severity in rainbow
trout (Markiw 1992, Ryce et al. 2005). The GR rainbow trout were younger and
therefore presumably more sustiele to infection as a function of age than the Bellaire
rainbow trout when brought to the facility. The adipose fin was removed from GR
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rainbow trout two weeks prior to transport to ensure the fish could be easily identified
when samples were collected.

The fish were held together in a single (1.8 m x 30.4 m) raceway, with a flow of
3,218 to 3,407 liters per minute. Fish were fed ad libitum with demand feeders during
the summer months, and a daily maintenance ration-2%%ody weight during the
winter months when temperatures were below 2° C. Growth was monitored for one year
at the facility.

Samples were collected for histological examinations and myxospore counts four
months (970 degredays °C) after the fish were transported to the facilityirtyf fish of
the GR and Bellaire rainbow trout were collected for the evaluations. The fish were
euthanized with tricaine methanesulfonate, then weighed and measured. Heads were
removed from the fish and split in two equal halves along the dorsal enfdhin
histological analysis and pepdiypsin digest (PTD).

Subsequent samples of 30 fish of each strain were collected at eight months
(1,039 degreelays °C) and one year (1,617 degtlags °C) after the fish were brought to
the facility. The ente head of each fish was collected and processed with PTD as
described above in these samples. Average myxospore counts were compared between
the two strains for each of the three sampling events. As with the data collected from the
Chalk Cliffs evaluatia, Proc GLM in SAS System software was used to test for
differences in growth and infection severity for data collected during each sampling
event, and alpha was set at 0.05 for all tests.

Results
Chalk Cliffs Rearing Unit

Growth 17 At the Chalk CliffsRearing Unit, growth as measured by average
weight in the GR strain was much faster than the Tasmanian strain (Figure 3.3). A
simple linear regression model with days puoetch as an independent continuous
variable and strain as an independent classitin variable resulted in a very good fi(R
= 0.8914). Both strain (f 199=23.70,P < 0.0001) and days pebatch (Fz, 19=132.23,

P < 0.0001) were found to be significant parameters in this model. More complicated
models were explored, withrsilar results. Growth differences were also quite different
when direct length measurements were compared. At nine and a half monthatplost
average length of GR strain was 23.6 cm (n = 60, SD = 1.5), and 18.5 cm (n = 60, SD =
2.4) for the Tasmaniastrain. At one year pos$iatch, the GR strain averaged 28.4 cm (n

= 50, SD = 2.8), while the Tasmanian strain averaged 22.3 cm (n = 50, SD = 3.3). These
differences were significant between the two strains during both the fjrsti6fF

=199.26,P < 0.0001) and second (F g = 100.85P < 0.0001) sampling events.

M. cerebralisinfection i Statistical test results for comparison of the infection
severity and prevalence in the two strains for all of the sampling events at the Chalk
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Cliffs Rearing Wit are provided in Table 3.1. Samples collected at three months post
hatch were identified as negative with histology in both the GR and Tasmanian rainbow
trout. Samples collected at five months postich also resulted in negative results for
both hisblogy and PTD in both strains. At nine and a half monthshpaish, infection
prevalence in the GR strain was 73.3%, and prevalence in the Tasmanian strain was
96.7% Average wholaead myxospore count in the GR strain was 5,175 (n = 30, SD =
7,643), ompared with 48,883 (n = 30, SD = 50,825) in the Tasmanian strain. The
differences in myxospore counts were highly significant, ¢g = 21.70P < 0.0001).

Poudre Rearing Unit

Growth- At the Poudre Rearing Unit, size in the GR rainbow trout wasebjo
matched to the Bellaire rainbow trout for the first four months at the facility, with the GR
rainbow trout averaging 24.3 cm (n = 30, SD = 2.1) versus 23.6 cm (n = 30, SD = 2.2) for
the Bellaire rainbow trout. These differences were not signifiégnt§ = 1.86,P =
0.1779). At eight months, growth in the GR strain was slightly better (26.1 cm, n = 30,
SD = 17.2) than the Bellaire (24.9 cm, n = 30, SD = 4.0), but the difference was not
significant (F1, sy = 2.31,P = 0.1340). By one year dhe facility, the GR rainbow trout
(35.0 cm, n = 30, SD = 4.3) were significantly(s; = 19.07,P < 0.0001) larger than
the Bellaire strain (30.4 cm, n = 30, SD = 3.7).

Average weights of the two strains followed the same pattern as the lengths.
After four months on the facility, the GR rainbow trout averaged 173.0 g (n = 30, SD =
48.0), and the Bellaire rainbow trout averaged 171.0 g (n = 30, SD = 44.5). These
differences were not significant (jFsg; = 0.04,P = 0.8373). After eight monthswdhe
on the facility, the GR strain averaged 190.5 g (n = 30, SD = 40.1), while the Bellaire
strain averaged 180.1 g (n = 30, SD = 60.5). Again, the weights were not significantly
different (1, sy = 0.61,P = 0.4370). When sampled at one year orfal#ity, the GR
strain averaged 493.1 g (n = 30, SD = 132.9 g), and the Bellaire strain averaged 375.4 g
(n =30, SD =122.1). Despite being an equivalent size, but younger than the Bellaire
rainbow trout at the beginning of the graut period, the GRtrain were significantly
heavier (F,s81= 12.74,P = 0.0007) than the Bellaire strain.

M. cerebralisinfection- Testing forM. cerebralisresulted in identification of
significantly higher prevalence and infection severity in the Bellaire rainmw tthan in
the GR strain at the Poudre Rearing Unit (Figure 3.4). After four months, no infection
was found in the head cartilage of any of the GR rainbow trout with histology, while
lesions were found in 43.3% of the Bellaire rainbow trout. Histolbgmares in the
Bellaire rainbow trout were low, with an average of 0.57 (SD = 0.73) on the McConnell
Baldwin scale of @ 5. No myxospores were found in any of the GR rainbow trout (n =
30) after four months. Prevalence of infection in the Bellairensaisameasured by PTD
was 46.7% (n = 30), with an average (Ha¢fad) myxospores count of 3,657 (SD =
7,044).
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Samples collected for PTD analysis after eight months resulted in only three of
the GR rainbow trout identified as infected, with an averagaealiead myxospore
count of 3,440 (n =30, SD = 20,445). All of the Bellaire rainbow trout were found to be
infected, with an average whetheead myxospore count of 84,993 (n = 30, SD = 86,791).
Samples collected after the two strains had been reareddgrear on the facility
identified none of the GR rainbow trout (n = 30) as infected, while 90% (n = 30) of the
Bellaire rainbow trout were identified as infected, with an average myxospore count of
361,099 (SD = 376,794 ) per fish.

Statistical test rests for comparison of the infection severity and prevalence in
the two strains for all of the sampling events at the Poudre Rearing Unit are provided in
Table 3.2. The GR strain produced significany(0.05) lower infection severity and
prevalence foeach of the sampling events and testing methods.

Discussion

Growth of the GR strain rainbow trout was significantly better than both the
Tasmanian strain rainbow trout at the Chalk Cliffs Rearing Unit and the Bellaire rainbow
trout at the Poudre Reag Unit. Growing conditions and temperature regimes were
quite different at the two facilities, but the growth advantage of the GR strain was
apparent at both locations. At the Chalk Cliffs Rearing Unit, where the two strains were
reared under identicabnditions from hatch, the GR strain reached stocking size of 23
cm, four months sooner than the Tasmanian strain. At the Poudre Rearing Unit, the GR
and Tasmanian strain maintained relatively equal growth rates until the spring following
transport to théacility, when accelerated growth occurred in the GR strain. This resulted
in the GR strain fish outgrowing the Bellaire rainbow trout by the end of the evaluation,
even though the Bellaire strain fish were two and a half months older than the GR strain
fish at the beginning of the rearing period.

Infection prevalence and severity were significantly lower in the GR strain than
both the Tasmanian and Bellaire strains by histological evaluation and myxospore counts
in each of the sampling events in whibtle parasite was detected. Infection differences
between the Tasmanian and the GR fish reared at the Chalk Cliffs facility were quite
large, albeit not as pronounced by the end of the experiment as at the Poudre Rearing
Unit. Initial exposure td/. cerebalis at Chalk Cliffs likely occurred after the fish were
moved from the hatchery building to the raceways, at about six monthisgtoist
The large differences in infection severity between the Bellaire and GR strains at the
Poudre Rearing Unit are undeored by the increasing myxospore count in the Bellaire
rainbow trout throughout the evaluation period. High prevalence of infection in the
Bellaire rainbow trout also demonstrates the high susceptibility of the strain to infection.
Only three of the & strain fish were identified &d. cerebralispositive in the Poudre
Rearing Unit evaluations. These were found during the sample collected at eight months
after the beginning of the rearing period. These results indicate that the infection was
quite lov, but present at marginally detectable levels, in the GR strain fish. With much
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larger sample sizes, more infected GR fish would likely have been found at each of the
sampling events.

Potential consequences of rearing and stocking a highly suscegptébiesuch as
the Bellaire or Tasmanian rainbow trout are obvious. The parasite burden from these
infected fish has the potential to greatly amplify the infection in both waters downstream
from the facility if escapement occurs and in waters wherasheafe stocked.
The results of these evaluations demonstrate that the GR strain has reduced infection
prevalence and severity, as well as greater growth potential compared with other typical
hatchery strains. The GR strain is a prospective replacdarghese strains used for
purely production purposes in areas whdreerebralisis endemic, specifically where
the parasite cannot be completely eradicated from water supplies.

Additional benefit could be realized from use of this or other resisteaihs in
facilities that do not harbor the parasite if fish are eventually stocked into waters where
the parasite exists. Fish that are negative for the parasite, which are stocked into waters
whereM. cerebralisis endemic, can and do become infectiéelr aelease (Nehring
2006). If these fish are not captured and removed before mature myxospores are
developed, the end result can be an increase in parasite burden in the system. This
reduces, and could completely negate, the benefits of stogkingrebralis-negative fish
where the parasite already exists. A strain such as the GR, which does not develop high
levels of infection after release into waters whdrecerebralisis endemic, would help
reduce the overall parasite burden in the receivingrwate
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Figure 3.1. Daily mean temperature, cumulative temperature units, and sample
collections at the Chalk Cliffs Rearing Unit from January 2005 to January 2006.
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Figure 3.2. Daily mean temperature, cumulative tempemtumits, and sample
collections at the Poudre Rearing Unit from July 2005 to July 2006.
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Figure 3.3. Growth rates for the GR and Tasmanian strain rainbow trout at the Chalk
Cliffs Rearing Unit.
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Figure 3.4. Myxospore counts for GR and Bellaire rainbow trout at four months, eight
months, and one year at the Poudre Rearing Unit.
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Table 3.1. Results oM. cerebralisinfection evaluations at the Chalk Cliffs Rearing UnitteBts for comparens of infection
severity between the Tasmanian and GR strain rainbow trout are provided for each sample event.

Tasmanian

Rainbow Trout

Infected (%) Severity

N

GR

Rainbow Trout

Infected (%) Severity

F-Test

Sample 1

(1,002 cegreedays °C)
Histology Score 10
(whole- body)

Sample 2

(1,934 degreealays °C)
Histology Score 10
(whole-head)

Myxospore Count 10
(whole-head)

Sample 3

(3,468 degreealays °C)
Myxospore Count 30
(whole-head)

96.7

48,883

10

10

10

30

65

73.3

5,175

F [1,18] = OO,P =1.0

F [1,18] = OO,P =1.0

F [1, 18] = OO,P =1.0

F1,581= 21.70,P < 0.0001



Table 3.2. Results oM. cerebralisinfection evaluations at the Poudre Rearing UR#ests for comparisons of infection severity
between the Bellaire and GR strain rainbow trout are provided for each sample event.

Bellaire GR F-Test
Rainbow Trout Rainbow Trout
N Infected (%) Severity N Infected (%) Severity

Sample 1
(970 degreedays °C)
Histology Score 30 43.3 0.57 30 0 0 F,58=16.11,P = 0.0002
(half-head)
Myxospore Count 30 46.7 3,657 30 0 0 Fi,s= 8.09,P=0.0061
(half-head)
Sample 2
(1,039 degreealays °C)
Myxospore Count 30 100.0 84,993 30 10 3,440 Fr,s8= 24.66P <0.0001
(whole-head)
Sample 3
(1,617 degreeadays °C)
Myxospore Count 30 90.0 361,099 30 0 0 Fi,s= 27.55P <0.0001

(whole-head)
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Hatchery Performance Evaluations: Summaries of growth data for GR and GR
cross varieties at participating State Fish Hatcheries

Summary of Results

Multiple lots of GR, GRHarrison, and GFColorado River rainbow trout were
produced at the Research Hatchery during 2006 and 2007. Many of these lots were
distributed to the Fish Production Section for rearing as brood fish replacements or as
part of the typical fis production schedule. Field trials with catchable plants of the pure
GR strain strongly suggest that the GR strain or slightly outbred varieties of this strain
would be good replacements for existing domestic strains currently used for catchable
producton. Performance of these strains in the State of Colorado hatchery system is
important. The large numbers of fish produced each year by the Colorado Division of
Wildlife represents a substantial investment. Efficient hatchery production is necessary
to minimize costs and produce the greatest benefit to anglers. Growth and anecdotal
information is reported here for those locations where data was compiled and reported by
the respective hatchery managers. All data collected thus far has been generally posit
with respect to the use of these strains as replacements for other strains that are more
susceptible tdlyxobolus cerebraligfection.
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BellvueWatson

Two lots of pure GR strain rainbow trout have been reared at the B&llatson
Rearing Unit, in BO6 and 2007. Growth results of the GR strain compared with other
production rainbow sains are depicted in Figure 3.5 he lots reared at this facility are
reported to be exceptionally fagtowing, with only five to six months required to reach
the sibcatchable size (13 cm; 5 inches). The pure GR strain tends to swim near the
surface, making them more vulnerable to bird predation. Some questions have been
raised about the susceptibility of the GR strain to formalin due to higher mortality is
some lotdreated for gill parasites with the chemical. Outbreeding of the pure GR strain
with other strains such as the Harrison Lake strain seems to result in reduction of the
unconventional swimming behavior.
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Figure 3.5 Growth of GRrainbow, BellaireSnake River cutbows, and Erwin rainbow
trout at BellvueWatson in 2006 and 2007.
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Crystal River Fish Hatchery

The ongoing field and laboratory trials have suggested that thidaafison
(75:25) strain rainbow trout would be a potentigibod production fish and could be
used to replace some existing production strains that normally carry much higher
myxospore burdens when exposeditocerebralis Eggs of this variety were sent to the
Crystal River Hatchery in both 2006 and 2007 to lesluas a future brood source.
Growth results of the GR strain compared with other strains used asltioacde
depicted in Figure 3.6
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Figure 3.6. Growth of Bellaire rainbow, Snake River cutthroat,-BRrrison (75:25)
cross rainbow and Tasmanian rainbow trout at Crystal River Hatchery in fall, 2007,
through spring, 2008.

Mt. Shavano Fish Hatchery

GR-Harrison (50:50) strain rainbow trout were sent to the Mount Shavano rearing
Facility to be reared as part of a normaldurction run for stocking purposes. Growth
results of the GRHarrison strain compared with other strains used as bot®dre
depicted in Figure 3.7The GRHarrison strain did grow quite well at the facility, but not
as fast as the Puget Sound strairo(if Lodge).
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Figure 3.7. Growth of BellaireSnake River cutbow (RXN), Puget Sound rainbow (PUG), Colorado River rainbow (CRR), Erwin
rainbow (ERW), Bellaire rainbow (BEL), Snake River cutthroat (SRN);HaRison (50:5Dcross rainbow (HXH), and Tasmanian
rainbow trout at Mount Shavano Rearing Facility in 2007.
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Durango Fish Rearing Unit

A lot of GR-Colorado River rainbow (B2) eyed eggs were sent to Durango Fish Hatchery
on December 24, 2008. Growth through thd & June, 2008vas slightly better than
Bellaire strain rainbow troyFigure 3.8)
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Figure 3.8 Growth of GRColorado River rainbow (F1 strain) compared with Bellaire
rainbow at Durango Fish Rearing Unit, from February througie J2008.
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Field Performance Evaluations: Comparison of GR and Tasmanian strain rainbow
trout as catchable plants in two putand-take waters in Colorado.

Introduction

The GR strain rainbow trout has been identified as a strain that is highly resistant
to M. cerebralis(Hedrick et al. 2003, Schisler et al. 2006). Other characteristics
observed in laboratory experiments such as aggressive feeding behavior and rapid growth
suggests that the strain may be useful as a catchable rainbow trout pidtGR
rainbow trout appears to be a suitable replacement for other domestic strains used in
Colorado from the standpoint of hatchery performance. Howeveorperhce of the
GR strain compared to other standard domestic strains after it has been released to
receiving waters has not yet been evaluatedCdlorado, approximately 3.2 million
catchablesized rainbow trout are produced per year for recreational angling. Catchable
production fish raised for ptndtake use in Colorado are usually Tasmanian daBe
strain rainbow trout. In 2006, a study was designed to compare the GR rainbow trout
with another standard domestic strain, the Tasmanian rainbow trout, as a catchable
product in typical puaindtake watersln 2007, the GRHarrison strain was eltaatedin
the same manner as the pure GR strain in 2006.

Methods

2006

Hatchery Rearig - GR and Tasmanian strain rainbow trout were reared in
parallel from egg to catchable size at Chalk Cliffs Rearing Unit, a facility that is positive
for M. cerebrals. Eggs from both strains were hatched during the same week, and the
conditions were identical for both strains throughout the rearing period of 16 months.

Stocking and Creel Survey3wo frontrange reservoirs, Flatiron and Pinewood
reservoirs, weresed as study locations for the catch and return to creel portion of the
experiment. Both reservoirs are typical of coolwater reservoirs on the front range of
Colorado in which fish are stocked for immediate recreational angling and harvest.
These resrvoirs, located northwest of Berthoud, Colorado, are typicalbsghlocations
managed as pundtake fisheries. Historical stocking rates have been from 15,000
30,000 catchable rainbow trout per year in each of the reservoirs. Pinewood Reservoir
hasalso beentscked with 208800 tiger muskyEsox lucius x Esox masquinongy
fingerlings per year.

A reduced number of fish were stocked into the reservoirs for the purposes of this
experiment, rather than the full allocation of catchable and subcatdisibt®rmally
stocked into these reservoirBishof each strainvere stockedh the reservoirs every two
to four weeks from the beginning of April until the end of JuBqual numbers of each
strain were stocked into each reservoir during each stoekiengt, with the excejan of
the last plant (Tabla.3).
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Flatiron Reservoir Pinewood Reservoir

GR Tasmanian GR Tasmanian
April 5, 2006 1000 1000 1000 1000
May 4, 2006 874 874 874 874
May 17, 2006 700 700 700 700
June 7, 2006 700 700 700 700
June 28, 2006 861 861 612 362
Totals 4135 4135 3886 3636

Table 3.3 GR and Tasmanian strain rainbow trout stocked from April through June,
2006, at Flatiron and Pinewood reservoirs.

One half of thdish stocked on each occasion were of@testrain, and the other
half were of the Tasmanian straifihe fish had been marked prior to stocking with fin
clips to identify the fish by strain, GR fish with adipose clips, and Tasmanian stain with
pelvic fin clips.

A creel schedule was created in which anglers were surveyed on both weekend
days of every week, and two randomly chosen weekdays per week for the months of
April through August.Two weeks at the end of March, 2006, were also included in the
sunwey, prior to the official start of the study, to familiarize the creel clerks with the
process.Angler counts were conducted five times daily throughout the daylight hours.
Angler interviews wereonducted between count timeéBecause the strains were
differentially marked with fin clips, the creel clerk could easily distinguish between the
two strains and catch estimates were made for both strains. During the angler interviews,
additional questions were asked to determine if there was an anglermeefeetween
the strains. If there was a preference, the anglers were asked to describe which
characteristics were most important in making that determination.

Supplerental Questionnaire InformationSupplemental questions were also
asked to provide formation on other unrelated topics. These were questions requested
by management or hatchery section personnel. One question was an inquiry as to the
number of days the angler #ished in the previous year. This was asked because
relatively little satewide data exists on the proportion of anglers in Colorado that
participate in ice fishing.

A second question was asked to determine if there was a preference for fish flesh

color in catchable rainbow trout. This was asked because some preliminkry wo
conducted by the Colorado Division of Wildlife Hatchery Section with Roxanthin
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enhanced feed demonstrated that flesh color in cateckatad trout could be changed
from white to pink for nominal cost per pound (Matt Schehrer, Mt. Shavano hatchery
mana@r, personal communication).

Holdover Evaluation Boatmounted electroshocking was conducted at the end of
the summer fishing season to evaluate fish remaining of each strain. Proportions of fish
remaining were compared between strains. Samples wiezeted from surviving fish
for analysis with pepsHrypsin digest to determine myxospore counts in holdover fish

Creel Survey AnalysisAs part of the Technical Assistance portion of this
Federal Aid project (Job 5), a new creel survey computer gamogras developed, based
on the Colorado Di “bdsedivession o the okigindl prdgiarh.eTeis DOS
program was used to generate creel survey analysis results for this study.

2007

Hatchery Rearing Fry of both the Tasmanian and @GRirrisonstrains were
hatched under identical conditions at the Chalk Cliffs Rearing Unit in the same manner as
the Tasmanian and pure GR fish in 2006. A pelvic fin clip was used to mark the
Tasmanian strain fish, and an adipose fin clip was used to mark théa@Ron strain
fish. At eight months of age, and at 16 months of age, 30 fish of each strain were
collected from the facility for growth and infection severity evaluations. Weight and
length of each fish was recorded, and the pejgpsin digest methodias used to
guantify the myxospore load of each fish.

Stocking and Creel Survey§latiron and Pinewood reservoirs were again used as
the study areas for the comparisons. A creel survey schedule was generated to sample all
weekend days, and two weekdger week from April through September. The
experimental fish were stocked three times in each reservoir frointiporugh June,

2008 (Table 3.4 Fish were sorted to size match as closely as possible, although the
average size of the GRarrison stran was larger due to their more rapid growth than the
Tasmanian strain. Snake River finespot cutthroat trout x Bellaire rainbow trout (RXN)
were stocked for management purposes after the experimental stocking vpésteom

The creel survey schedule 2007 was similar to that in 2006, with two
weekdays and both weekend days being surveyed during each week, although during
2007 the survey was conducted from April through September. Angler counts were
conducted as in 2006, except the frequency was rddadeur per day rather than five.
Interviews were conducted between counts as in 2006. The fin clips used for 2007 were
the same as in 2006, so the clerk was able to distinguish between strain of fish based on
the fin clips, as in 2006.

Supplerental Questionnaire Information Supplemental questions were asked
during the interviews exactly as in 2006. More emphasis was placed on obtaining
responses to each question during the interviews to produce larger samples all of the
guestions asked.
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Flatiron Reservoir

GR Tasmanian RXN
Number Length  Number Length  Number Length

April 11, 2007 1000 114 1000 9.3 0

April 30, 2007 1001 11.8 1001 10.1 0

June 18, 2007 1281 12.6 1281 11.8 0

July 15, 2007 0 : 0 1254 10.3
July 22, 2007 0 : 0 1863 10.3
August 14, 2007 0 : 0 1834 10.3
September 5, 2007 0 . 0 1486 11.9
Totals 3282 3282 6437

Pinewood Reservai
GR Tasmanian RXN
Number Length  Number Length  Number Length

April 11, 2007 1000 114 1000 9.7 0

April 30, 2007 1001 11.8 1001 10.1 0

June 8, 2007 1281 12.6 1281 10.5 0

July 18, 2007 0 : 0 1430 9.9
July 24, 2007 0 0 : 1930 10.4
August 13, 2007 0 0 707 11.6
August 14, 2007 0 0 1834 10.3
September 5, 2007 0 0 1364 10.9
September 18, 2007___ 0 0 809 10.1
Totals 3282 3282 8074

Table 34. GR and Tasmanian rainbow trout and RXN cutbow trout stocked from April
through September, @@, at Flatiron and Pinewood reservoirs.
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Results

2006

Hatchery Rearing The GR strain rainbow trout developed an average myxospore
count of 5,175 (SD = 7,644) and the Tasmanian rainbow trout developing an average
myxospore count of 48,883 (SD = 50,328ter 10 months of growth at the Chalk Cliffs
rearing facility. Growth in th&R strain rainbow trout was significantly faster than in the
Tasmanian rainbow trout with ti&R strain reaching an average lengtt282 mm (1.1
incheg and the Tasmaniansaching an average lengtha#4 mm (9.2 inche}at the
time the first fish were stocked from the facility.

Catch by Strain Raw data indicated that a much higher percent oGRe
rainbow trout were captured than the Tasmanian rainbow(fauires 3 and 3.19
This was especially true during the months that stocking occurred. After stocking was
halted, numbers of fish captured of each strain were more closely matched. Total catch
reported wa84.8% higher for theGR strain than the Tasmanian strin Pinewood
Reservoir(549 GR versus 359 Tasmanian strain reported cafiobial reported catch
was19.26 higher for theGR strain than the Tasmanian strain in Flatiron Reservoir
(1,011 GR versus 817 Tasmanian strain reported catch)

Creel Survey Arlgsis- Reports were produced by using the Creel Survey
Analysis Program (€SAP) in 2006 for the Flatiron and Pinewood data and reported in
the 2007 Federal Aid Report. Those reports wereimewith the newest version of the
program in 2007 for this rep Fish returns by strain were compared with numbers of
fish stocked to determine the rate of return foheaicthe two strains (Figure 3.13

Holdover Evaluation Low numbers of both strains were found during the end
of-season electrofishing samplds. Flatiron Reservoir, only twGR and three
Tasmanian rainbow trout were collected. In Pinewood Reservoir, onBRsand 26
Tasmanian rainbow trout were collected. These frange reservoirs are subject to
intense fishing pressure that typicalgsults in seasonal depletions of stocked fish. Itis
notable, however, that more Tasmanian rainbow trout remained in both reservoirs at the
end of the experiment. These results support the creel survey data, which indicated that
the GR rainbow trout wereaught more readily than the Tasmanian strain. Myxospores
found in the Tasmanian rainbow trout averaged 122,074 (SD = 70,628) per fish, while
those found in th&R rainbow trout averaged 210 (SD = 595) per fish at the conclusion
of the experiment. In servoirs where large numbers of holdover fish or mortality
occurs, contribution of myxospores to the system could be quite different for the two
strains. This could occur due to both the higher holdover rate and higher average
myxospore count in the Tasman rainbow trout.Holdovers were not evaluated in 2007.

Angler Preference Responses for each question were summarized separately.

Not all questions were answered by all contacts, so number of respondents is not the
same for each questiolVhen askd about strain preference based on the fin clip marks,
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22.6% of the B31 respondents chose GBR rainbow, compared with 3.2% that chose

the Tasmanian rainbow. The remaining 74.2% had no preference. When asked about
which characteristics they preferretith regard to the two strains, fighting ability was
reported as the most important by 25.0% ,848 respondents. Only 1.8% reported that
fish size was the most important characteristic. Catch rate was regarded as most
important by 1.2% of the respondgnand appearance was most important to 0.3% of the
respondents.

Other Questionnaire Respass Angler participation in icifishing among the
respondents was low. Of the 1,880 respondents, only 113 (6.0%) Heshexkin the
previous year. Averageaumber of days fished per person that participated #isbeng
was 5.06. When asked which color flesh was preferred, the anglers overwhelmingly
chose pink flesh as the color of choice. Of the 1,918 respondents, 1,221 preferred pink
flesh, 407 preferredhite, and 141 preferred red. Only 149 anglers had no preference.

2007

Hatchery Rearing Growth of the GRHarrison strain in the 2007 lot was
substantially greater than in the Tasmanian strain. Average length was 145 mm (SD =
19.1) in the Tasmaniastrain compared with 182 mm (SD = 28.9) in the-B&trison
stran after eight months (Table 3.5At 16 months, average length of the Tasmanian
strain fish was 221 mm (SD = 37.0), and average length of thEl@fson strain \&s
315 mm (SD = 28.6) (Tabl&6). Weight differences were even more dramatic, with
average weight at eight months for Tasmanians at 35.8 g (SD = 13.5 compared with 75.7
g (SD = 27.1) for the GRiarrison strain. At 16 months, average weight was 123.6 g
(SD =51.7), compared with 332g (SD = 94.20) for the GRarrison strain.

Tasmanian rainbe trout developedn average myxospore countsp106 (SD =
8,999) after eight wnths on the facility (Table 3.7 No myxospores were found in any
of the GRHarrison strain trout tested. Thasmanian rainbow trout developed average
spore counts of 158,438D =239,901) after 1énonths of growth at the Chalk Cliffs
rearing facility. No myxospores could be found in any loé GR strain rainbow trout
reared in 2007 (Table 3.8

Catch by Strai - In 2007, raw data followed the same pattern for the GR
Harrison strain as was observed with the pure GR strain in the previous year. Higher
catch was observed for the &Rarrison strain than the Tasmanian strain at both
reservoirs. At Flatiron Reserwp27.7% higher catch was reported for the-B&trison
strain than for the Tasmanian strain (784 reported catch for tHdaBfison strain versus
567 reported catch for the Tasmanian strain). At Pinewood Reservoir, a 24.7% higher
catch was reported foné GRHarrison strain than for the Tasmanian strain (548 reported
catch for the GRHarrison strain versus 440 reported catch for the Tasmanian strain).

Creel Survey AnalysisAs with data collected in 2006, creel analysis reports for
2007 data were cated using the newest version of @wel Survey Analysis Program.
Fish returns by strain were compared with numbers of fish stocked to determine the rate
of return for eals of the two strains (Figure 313
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Angler Preference As in 2006, responses feach question were summarized
separately. In 2007, the creel clerk was instructed to ensure that a response was provided
for each question, which improved the reporting for the survey questdhen asked
about strain preference based on the fin clgrk®,9.5% of the2,441respondents chose
the GR-Harrisonrainbow, compared with.1% that chose the Tasmanian rainbow. The
remaining89.3 had no preferencelhese responses were very similar to those received
in 2006(Figure 3.14) When asked about wth characteristics they preferred with
regard to the two strains, fighting ability was reported as the most importari#byof
2,441 respondents. Only %lreported that fish size was the most important
characteristic. Catch rate wagarded as mosnportant by (2% of the respondents,
and apparance was most important to & ®f the respondentslhese results were also
strikingly similar to tlose received in 2006 (Figure 3)15

Other Questionnaire Respass Angler participation in icefishing anong the
respondents was low. Of the 2,441 respondents, only 160 (6.6%) Heghexkin the
previous year. When asked which color flesh was preferred, the anglers overwhelmingly
chose pink flesh as the color of choice. Of the 2,441 respondents, te7@3qul pink
flesh, 341 preferred white, and 149 preferred red. Only 218 anglers had no preference.
Again, these results are nearly identical to the questionnaire sespmteived in 2006
(Figure 3.16.
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Tasmanian GR-Harrison

Fish# __Length (mm) Weight (g) Fish# __Length (mm) Weight ()
1 153 38 1 184 72.5
2 160 44 2 152 37.5
3 149 34 3 200 84.8
4 122 22 4 223 133.1
5 154 41 5 205 96.2
6 135 28 6 190 70.3
7 158 42 7 198 85.2
8 145 30 8 165 47.8
9 173 50 9 194 89
10 161 46 10 179 70
11 115 18 11 163 51
12 129 23 12 210 105
13 168 53 13 204 100
14 169 51 14 172 62
15 144 34 15 204 87
16 150 36 16 205 94
17 169 63 17 185 74
18 165 51 18 210 116
19 128 23 19 137 30
20 145 37 20 163 48
21 149 38 21 154 42
22 132 25 22 196 82
23 143 33 23 187 74
24 123 23 24 197 91
25 180 66 25 220 122
26 130 21 26 177 58
27 144 32 27 175 68
28 137 25 28 142 33
29 97 10 29 93 72
30 127 23 30 137 30

Average 145.7586207 35.758621 Average 182.2068966 75.70344¢
St. Dev. 5.738528374 0.0787635 St. Dev. 7.173499864 0.166747

Table 3.5 Lengh and weight of Tasmanian and &fRrrison (50:50) strain rainbow
trout at the Chalk Cliffs FisRearing Unit, August 15, 2006.
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Tasmanian GR-Harrison

Fish# __Length (mm) Weight (g) Fish# __Length (mm) Weight ()
1 212 106 1 365 500
2 235 130 2 355 520
3 216 102 3 345 460
4 255 165 4 275 220
5 207 100 5 345 420
6 255 180 6 330 360
7 230 120 7 310 320
8 255 175 8 285 220
9 205 102 9 350 460
10 236 140 10 350 440
11 225 120 11 335 420
12 210 100 12 315 300
13 265 200 13 305 300
14 215 100 14 315 340
15 225 120 15 300 260
16 145 30 16 350 440
17 245 150 17 320 360
18 220 130 18 335 400
19 220 120 19 305 280
20 215 90 20 270 220
21 115 35 21 305 300
22 200 90 22 305 300
23 185 65 23 300 280
24 165 60 24 310 300
25 220 130 25 305 300
26 205 75 26 250 180
27 290 265 27 325 320
28 270 215 28 275 200
29 270 170 29 295 220
30 250 155 30 280 240

Average  221.0689655 123.62069 Average  314.8275862 332.4137¢
St. Dev.  8.703502579 0.2722923 St. Dev.  12.39478686 0.73218¢

Table 3.6 Length and weight of Tasmanian and-BRrrison (50:50) strain rainbow
trout at tke Chalk Cliffs Fish Raring Unit, March 27, 2007.
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Case History Number | 06-179 Location Chalk Cliffs Hatchery
Date Collected 08/15/06 Water Code
Measured
Volume of Final
Age Sample | No. of No. of |Suspension| Volume |Spores per
Lot | Species |(Months) # Spores Grids (ml) Head Comments
1 TAS 1 0 18 0.00 0.00 0 Bag marked J
2 1 18 3.00 3.03 1,683
3 8 18 3.00 3.03 13,467
4 0 18 0.00 0.00 0
5 2 18 3.00 3.03 3,367
6 2 18 3.00 3.03 3,367
7 0 18 0.00 0.00 0
8 1 18 3.00 3.03 1,683
9 0 18 0.00 0.00 0
10 5 18 3.00 3.03 8,417
11 0 18 0.00 0.00 0
12 0 18 0.00 0.00 0
13 2 18 3.00 3.03 3,367
14 18 18 3.00 3.03 30,300
15 0 18 0.00 0.00 0
16 0 18 0.00 0.00 0
17 0 18 0.00 0.00 0
18 18 18 3.00 3.03 30,300
19 12 18 3.00 3.03 20,200
20 0 18 0.00 0.00 0
21 1 18 3.00 3.03 1,683
22 0 18 0.00 0.00 0
23 0 18 0.00 0.00 0
24 0 18 0.00 0.00 0
25 0 18 0.00 0.00 0
26 13 18 3.00 3.03 21,883
27 6 18 3.00 3.03 10,100
28 2 18 3.00 3.03 3,367
29 0 18 0.00 0.00 0
30 0 18 0.00 0.00 0
Average
Spores per
Head 5,106
St. Dev. 8,999.9
2 GR-HAR 1 0 18 0.00 0.00 0 Bag marked K
2 0 18 0.00 0.00 0
3 0 18 0.00 0.00 0
4 0 18 0.00 0.00 0
5 0 18 0.00 0.00 0
6 0 18 0.00 0.00 0
7 0 18 0.00 0.00 0
8 0 18 0.00 0.00 0
9 0 18 0.00 0.00 0
10 0 18 0.00 0.00 0
11 0 18 0.00 0.00 0
12 0 18 0.00 0.00 0
13 0 18 0.00 0.00 0
14 0 18 0.00 0.00 0
15 0 18 0.00 0.00 0
16 0 18 0.00 0.00 0
17 0 18 0.00 0.00 0
18 0 18 0.00 0.00 0
19 0 18 0.00 0.00 0
20 0 18 0.00 0.00 0
21 0 18 0.00 0.00 0
22 0 18 0.00 0.00 0
23 0 18 0.00 0.00 0
24 0 18 0.00 0.00 0
25 0 18 0.00 0.00 0
26 0 18 0.00 0.00 0
27 0 18 0.00 0.00 0
28 0 18 0.00 0.00 0
29 0 18 0.00 0.00 0
30 0 18 0.00 0.00 0
Average
Spores per
Head 0
St. Dev. 0.0

Table 3.7. Myxospore count results for Tasmanian andi&&rison rainbow trout at the
Chalk Cliffs Fish Rearing Unit, August 15, 2006.
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Case History Number 07-094 Location Chalk Cliffs Rearing Unit
Date Collected 03/27/07 Water Code 29341
Measured .
Final
Age Volume of volum
Specie | (Month |Sample| No.of | No.of | Suspensi 5 Spores
Lot s s) # Spores | Grids on (ml) per Head |Comments
1 GR-HAR 16 1 0 18 0.00 0.00 0
2 0 18 0.00 0.00 0
3 0 18 0.00 0.00 0
4 0 18 0.00 0.00 0
5 0 18 0.00 0.00 0
6 0 18 0.00 0.00 0
7 0 18 0.00 0.00 0
8 0 18 0.00 0.00 0
9 0 18 0.00 0.00 0
10 0 18 0.00 0.00 0
11 0 18 0.00 0.00 0
12 0 18 0.00 0.00 0
13 0 18 0.00 0.00 0
14 0 18 0.00 0.00 0
15 0 18 0.00 0.00 0
16 0 18 0.00 0.00 0
17 0 18 0.00 0.00 0
18 0 18 0.00 0.00 0
19 0 18 0.00 0.00 0
20 0 18 0.00 0.00 0
21 0 18 0.00 0.00 0
22 0 18 0.00 0.00 0
23 0 18 0.00 0.00 0
24 0 18 0.00 0.00 0
25 0 18 0.00 0.00 0
26 0 18 0.00 0.00 0
27 0 18 0.00 0.00 0
28 0 18 0.00 0.00 0
29 0 18 0.00 0.00 0
30 0 18 0.00 0.00 0
Average
Spores per
Head 0
St. Dew. 0
2 TAS 16 1 0 18 10.00 10.03 0
2 27 18 10.00 10.03 150,450
3 0 18 10.00 10.03 0
4 73 18 10.00 10.03 406,772
5 3 18 10.00 10.03 16,717
6 2 18 10.00 10.03 11,144
7 45 18 10.00 10.03 250,750
8 10 18 10.00 10.03 55,722
9 5 18 10.00 10.03 27,861
10 177 18 10.00 10.03 986,283
11 1 18 10.00 10.03 5,572
12 4 18 10.00 10.03 22,289
13 20 18 10.00 10.03 111,444
14 52 18 10.00 10.03 289,756
15 12 18 10.00 10.03 66,867
16 6 18 10.00 10.03 33,433
17 149 18 10.00 10.03 830,261
18 3 18 10.00 10.03 16,717
19 9 18 10.00 10.03 50,150
20 0 18 10.00 10.03 0
21 3 18 10.00 10.03 16,717
22 30 18 10.00 10.03 167,167
23 91 18 10.00 10.03 507,072
24 4 18 10.00 10.03 22,289
25 42 18 10.00 10.03 234,033
26 1 18 10.00 10.03 5,572
27 14 18 10.00 10.03 78,011
28 17 18 10.00 10.03 94,728
29 28 18 10.00 10.03 156,022
30 25 18 10.00 10.03 139,306
Average
Spores per
Head 158,437
St. Dew. 239,901.1

Table 3.8 Myxospore count results for Tasmanian andi&&rison rainbow trout at the
Chalk Cliffs Fish Rearing Unit, March 27, 2007.
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Figure 3.11 Catch datqraw data) for number of rainbow trocaught by strain at
Flatron Reservoiin 2007
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Figure 3.15 Characteristics of fish contributing to angler preference at Flatiron and
Pinewood reservoirs in 2006 and 2007.
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Figure 3.16 Angler preference for trout flesh color, Flatiron and Pinewood reservoir
guestionnaire results, 26 and 2007.
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Discussion

Rapid growth, high return to creel and angler satisfaction, and low myxospore
production all support the conclusion that @ie or GRHarrison strain could beseful
replacemerstfor other domestic strains used in Coloradiodatctable rainbow trout
production. The unofficialaluationsreported by the State Fish Production facilities
support the conclusion that these strains of fish will be acceptable replacements as well.

The myxospore counts obtained from samplesriakt the Chalk Cliffs Rearing
Unit are very encouraging. The identification of no myxospores at all in thiasfison
lot, compared with 90% infection prevalence and an average spore count of 158,437 in
the Tasmanian lot after 16 months on the facilgyery encouraging. These sorts of
differences in infection severity further support the argument that resistant strains are a
useful tool in reducing parasite burden in stocked fish.

Total catch, as defed by the raw data and by the creelsy estinates, was
higher for the GR and GRarrison strain during both years and at both reservoirs. The
only exception was for the Creel Survey estimate at Flatiron Reservoir in 2006, where the
overall catch estimate for the Tasmanian strain was slightly hilgaerthat of the GR
strain. The average across both years and both reservoirs resulted in a total return to creel
of 96.5% of the stocked GR and &HRrrison fish, and a total return to creel of 65.25%
of the stocked Tasmanian strain fish. This diffeeergpresents a higher recreational
value provided by the GR strains in addition to the lower potential spore burden added to
the system.

Lower returns were observed with both strains in Pinewood Reservoir during both
years of the evaluations. PinewoodsBwoir is a little farther for fishermen to travel and
the camping facilities are not as extensive, which could influence angler use. The outlet
of Pinewood reservoir is also not conducive to retaining fish in the reservoir, with a
vortexlike outlet stucture having the potential to draw out fish. The principle difference
between the two reservoirs, however, is the presence of large numbers of tiger muskies in
Pinewood Reservoir. The impact of these fish on the catchable and fingerling plants in
the reservoir is unknown, although predation on hatckmduced trout would
presumably be quite high.

Reported angler preference by strain favored the GR anH&fson groups
over the Tasmanian strain in both years, although the vast majority of andlect di
have a preference. GR strain and-B&rison strain were larger on average than the
Tasmanian strain fish when stocked. This was unavoidable because of the rapid growth
of the GR strain in the Chalk Cliffs Rearing Unit prior to stocking. Whileatigders did
not perceive fish size to be a major factor in preference between the two strains in either
year, it is possible that the larger size of the fish affected their perception of the strain.
Surprisingly, fighting ability was the only reported¢fa or t hat i nfl uenced
preference to any measurable degree during both years of the survey. Another interesting
anecdote from the survey is that anglers preferred fish with pink flesh over white flesh by
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a very large margin during both yeardioé survey, suggesting that feed additives may
indeed be worthwhile to increase angler satisfaction.
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Field Performance Evaluations:Parvin Lake Fingerling Stocking Experiments

Introduction

Earlier experiments demonstrated that the GR and GRxHL crosses have excellent
growth and returito-creel when stocked as catchabieed fish. The Colorado Division
of Wildlife is aggressively transitioning its brood facilities to produce larger numbers of
GR or GRxHL crosses for catchable production purposes. In addition to catchable
stocking, many waters in Colorado are stocked with fingerlings or subcatchable sized
fish. These fish are subjected to greater threats from predation than casihedbiesh
and must be able to forage and survive long enough to become available to anglers.
Because of the domestic nature of the GR strain, there are reasons to be concerned about
the possibility of low survival and returns when fish of the GR strain, or slightlyred
varieties of the strain, are stocked as fingerlings. An experiment was designed to
evaluate the survival of these varieties as fingerling plants in a location subjected to high
predation pressure.

Parvin Lake, (Figure 37} located 45 miles nonitest of Fort Collins, Colorado,
was used as the test site for this evaluation. The reservoir is stocked annually with
fingerling brown trout $almo truttd, splake $alvelinus namaycush x Salvelinus
fontinalis), and rainbow trout@ncorhynchus mykiss The reservoir was also stocked in
2000 through 2003 with tiger muskidsspx masquinongy X Esox lugits control the
abundant white sucke€atostomus commersgmopulation. An inlet trap that was
historically used for rainbow trout spawning operatibas also been operated more
recently to remove white suckers from the reservoir in the months cfiMgyduring
their annual spawning run up the inlet stream. Numbers of suckers and trout captured in
the trap vary from year to year, but appear to haea lgeeatly redced in recent years
(Figure 3.18. In 2009, 539 white suckers, and 67 salmonids were captured in the inlet
trap. In 2010,176 suckers and 153 salmonids were capturehe inlet trap. In
2011,121suckers and 76almonids were captured tine inlet trap, although high water in
May and June 2011 prevented fish from entering the trap until later than normal.

A fall electrofishing survey has been conducted annually since 2002 to monitor
species composition and growth in Parvin Lake. A $tofh a population dominated by
white suckers to one dominated by rainbow troutdwasirred since 2006 (Figure 3)19
In 2009, 69.7% of the total catch was rainbow trout, compared with only 14.4% white
suckers.In 2010, the proportions wei.5% rainbav trout and 3.6% white suckers.

This compares well with the figures from 2006, when over 60% of the total catch was
white suckers.
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Figure 3.17. Parvin Lake, Colorado.
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Figure 3.18 Number of catostords and salmonids caught at Parvin Lake the inlet trap
(May-July) for years where data are available.
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Methods

In order to evaluate survival and growth of multiple different varieties of
fingerling trout, an initial liverelease experiment was conducted in 2007. Preliminary
returns of the different varieties, as well as fingerling strain availakikte used to
determine which varieties would be used for subsequent plen2007, 2,800 fish each
of the GR, HL, GRxHL (50:50), GRxHL (75:25), and Bellaire rainbow trout x Snake
River cutthroat trout cross RXN (50:50) varieties were batelnked withcoded wire
tags to identify returned fish by strain. These fish were reared as closely as possible to
the same size before stocking. However, because of the rapid growth of the GR strain,
and the very slow growth of the Harrison strain, sizes were aatlgxnatcled (Table
3.9). The fish were all stocked at the same time into Parvin Lake on August 14, 2007.

In 2008, 2,050 fish of each GR, HL, GRxHL (50:50), GRxHL (75:25), and
Bellaire rainbow trout x Snake River cutthroat trout cross RxN (50:50) agzi@ batch
marked with coded wire tags. Similar difficulties with matching sizes of the Harrison
Lake strain with the other varieties were encountered during the rearing period. These
fish were stocked into Parvin Lake on July 31, 2008.

Fish stockedn 2009 included all of the eight varietidsscribedn 2007 and
2008, along with the addition of the pure Tasmanian rainbow trout, the GRxHL
(875:12.5) cross and the HNHcrossas described idob 2(Table 3.10. The fish were
stocked on August 12, 2008nd as in previous years, released in the lake inlet.

Collections ofthesecodedwire tagged fish were made usibgatelectroshocking
(and a fewgill net setd¢o augment the catcleyery two months during the operater
season in 2007 and 2008 2009and 2010Qall fish were collected by evening boat
electroshocking. Marked fish froeach year of stocking were subjected to sampling for
the first time in August of the year they were stockéa attempt was made to collect 30
fish per event foeachage class of marked fish, which was typically accomplished by
shocking the entire perimeter of the lake over a thme time period.
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Table 39. Codedwire tagged fish stocked in Parvin Lake during 2007 and 2008.

2007 Plants 2008 Plants
Strain Lbs Number | Length | Strain Lbs Number | Length
(mm) (mm)
GR 225 2800 147 GR 103 2050 127
HL 64.2 2800 97 HL 38.4 2050 91
GRxHL 75.5 2800 104 GRxHL 78.2 2050 117
(50:50) (50:50)
GRxHL 76.6 2800 104 GRxHL 81.7 2050 117
(75:25) (75:25)
RXN 125 2800 122 RXN 103 2050 127
(50:50) (50:50)
Table 310. Codedwire tagged fish stocked in Parvin Lake during 2009.
2009 Plants
Strain HL TAS GR GRxHL | GRxHL | GRxHL HHN RXN
(50:50) (75:25) | (87.5:12.5)| (50:50) (50:50)
Lbs 42.2 119.6 | 83.7 83.7 83.7 83.7 55.8 50.3
Number | 1005 | 1005 1005 1005 1005 | 1005 1005 | 1005
Length 117 167 150 150 150 150 132 127
(mm)
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Results

Collections of fish from the 2007 plant (Figure 3.21) resulted in the RXN strain
being most consistently more abundant in the samples than the adives, stontributing
t0 46.6% (19&ish) of the overall catch af25fish. The Harrison Lake strain contributed
to 20.9% (89fish) of the overall catch. The GRxHEE:50 cross) contributed 7.9
(76fish) of the overall catch. The GRxHL (72:2f8ss) ontributed tdB.2% (35 fish) of
the overall catch, and theie GR strain contributed &4% (27 fish) of the overall
catch.

Collections & fish from the 2008 planesulted in the RXN and GRXHL (50:50)
cross being more abundant in the samplas the ther strains (Figure 3.22 The RXN
strain contributed t88.8% (94 fish) of the overall catch &42fish. The HarrisorLake
strain contributed ta7.4%6 (42fish) of the overall catch. The GRxHBEE:50 cross)
contributed td®29.3% (71 fish) of the overthcatch. The GRxHL72:25 cross)
contributed t®.%% (24 fish) of the overall catch, and thene GR strain contributed to
4.5% (11 fish) of the overall catch.

Collections of fish from the 2009 plant were still relatively equal through June of
2011. A total of 318 fishwere collected, with Harrison Lake being the most aburatant
19.5% of the catch (62 individuals). RXN and HHN were also present in high numbers,
with 48 (15.1%) and 45 (14.2%), respectively. Catch for the three GRxHL crosses
(50:50,75:25, and 87.5:12.5) was 37 (1%) 35 (11.0%), and 28 (8.8%). Catch for the
Tasmanian strain was 37 (11.6%), and catch for pure GR strain fish was only 26
individuals (8.2%).

Growth of the five strains was relatively equal for all straingife2007, 2008,
and 2009lants (Figures 3.28.26) The exception was the Harrison Lake strain, which
grew slowerlhan the other varieties in gkarclasses. The pure GR strain were such a
small proportion of the catch in both yedasses that it was diffitito evaluate growth.
In fact, no GR strain fish from the 2008 plant were found after October of 2008.

A subset of fish from the 2007 and 2008 plants that were collected during the
openwater season in 20G8d 2010vere submitted foM. cerebralistesting. In April,
2009, samples were only submitted from the 2007 planthelfiollowing collectiongish
were collected from both the 2007 and 2008 plants. These samples provided a very good
overview of the infection severity in the various varietiefsh that had been released
into thisM. cerebralispositive environment (Table 3L Figure 3.2%rovides a
consolidation of the myxospore data from each of the collection times for both the 2007
and 2008 plants, which consisted of 80 RXN, 38 pure42LGRHL (50:50) crosses, 20
GR-HL (75:25) crosses, and two pure GR rainbow trout.
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Table 3.11. Myxospore results for five strains stocked in 2007 and 2008 for each

coll ection period in 2009. ONCO means no
sample time.
GR-HL GR-HL
RXN HL (50:50) (75:25) GR

2007 | 2008 2007 |2008 | 2007 |2008 |2007 |2008 |2007 | 2008

Plant | Plant Plant | Plant | Plant | Plant | Plant | Plant | Plant | Plant
April 40,150 NC 80,909 NC 3,756 NC 0 NC 0 NC
2009
June 30,370| 28,975 | 39,698| 96,069| 1,209 5,218 NC 17,28 NC NC
2009 1
Aug 11,333| 71,967 | 94,857 | 20,529| 18,909 | 3,507 0 1,101 NC NC
2009
Oct 79,081 | 112,149| 50,644 0 22,142 | 3,667 994 0 NC NC
2009
April 36,645| 25,400 | 16,640| 8,317 | 1,580 | 10,989 0] NC 0 NC
2010
June NC 4,733 NC 1,204 0 0 NC NC NC 0
2010
Aug NC NC NC 6,344 NC NC NC NC NC NC
2010
Oct 24,464 | 90,968 | 15,669 0 0 1,748 0 0 NC NC
2010
Overall

36,221| 57,883 | 47,989 | 42,804| 9.905 4,990 497 7,573 0 0
Averages

Figure 3.2Q Overall averages of yxospore counts for the 2007 and 2008 #danitfive
strains @ trout during 2009 and 2010.
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Figure 3.21. Cumulativecatch for each of the five varieties of fingerling rainbow trout
stocked in Parvin Lake in August, 2007.
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Figure 3.22. Cumulativecatch for ach of the five varieties of fingerling rainbow trout
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Figure 3.23. Cumulative catclfior each of the eight varieties of fingerling rainbow trout
stocked in Parvin Lake in July, 2009.
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Parvin Lake in 2007.
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Figure 3.25 Fishlength from 2008 through 20Xa&r each of the five varieties stocked in
Parvin Lake in 2008.
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Figure 3.26. Fish lengthfrom 2008 through 201for each of the five varieties stocked in
Parvin Lakein 2009.
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Discussion

Given the relatively large size of the pure GR strain fish in both the 2007 and
2008 stoking events, their low return suggests that they may be more vulnerable to
predation pressure than the other strains. This strain did poorly in the 2007 plant, and
extremely poorly in the 2008 plant. The Harrison Lake variety was at a distinct
disadvantge during both stocking events due to their smaller size, particularly in the
2007 stocking event, but managed to appear more often in the catch than all the other
strains with the exception of the RXN fish in the 2007 plant. In general, it appears that a
higher ratio of HL to GR in the crosses is advantageous tespmsting survival with
fingerling plants. The RXN group was much more abundant in the catch from the 2007
plan than the other strains. In the 2008 plant, however, the RXN afdlLG50:50)
varieties performed equally welln the 2009 plant, the Harrison Lake, RXN, and HHN
varieties performed the best of the eight varieties stocked.

The myxospore counts found in the 2007 and 2008 plant collections are quite
different among the strains. @GR and GRHL crosses had a clear advantage with
respect to infection severity. The Harrison Lake and the RXN strains both had much
higher average myxospore counts.

Given the relatively high survival of the GRL (50:50) cross in both the 2007
and 2008%lants, and the low myxospore counts compared to the pure Harrison and the
RXN varieties, the GR1L (50:50) appears to be the best fit for fingerling reservoir
plants in areas whei. cerebralisexists to optimize survival and minimiké&
cerebralis

The RXN and Harrison Lake varieties survived very well in these experiments,
and would likely be preferred lake strgiexcept for the higher myxospore counts
produced by these varieties. THEIN strain hasimilar growth and lower parasite load
than the XN variety, and may have a similar survival rate. The strain is thus far
performing well as a fingerlinglant Future study is warranted on this variety.
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Job No. 4 Whirling Disease Resistant Wild Strain Establishment, Brood Stock
Development andEvaluation

Job Objective: These experiments are designeé@dtablishdevelop and evaluate
Awil do strain whirling disease resistant rai
self-sustaining populations have been lost due to whirling disease.

Past Evaluations

A substantial effort has been exerted in the last several years to incorporate the
Hofer (GR)resistant strains into both domestic and wild rainbow trout programs.
Specific wok conducted during the 20a®)11field seasons is presenteeldw.

Upper Colorado River
Introduction

The upper Colorado River downstream of Windy Gap Reservoir is known to be
one ofthe most heavily infected river segmewith whirling disease in the state of
Colorado. The 26 kr(iL6.2 mi)reach, downstream dfi¢ reservoir to the Kerapreeze
State Wildlife aredFigure 4.1)has been an area of particular interest with respect to
whirling disease investigations. Historically, priorttee introduction of whirling disease,
this area had been used as a sourcggd & maintain Colorado River rainbow (CRR)
trout brood stock. However, since the introduction of whirling disease, no natural
recruitment of rainbow trout has occurred in the upper Colorado River, leading to severe
population declines (Figure 4.2).
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Figure 4.1 Upper Colorado River study area.

Figure 4.2. Upper Colorado River historic rainbow trout lendtequencies at Kemp
Breeze State Wildlife Area.
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Initial Introductions and Sampling

In 2006, a single lot &R x CRR 50:5@F1) rainbaw trout was stocked ithe
upper Colorado Riveat 23.5 cm (9.4 in) totdéngth(TL), to evaluate the survival of
these larger fiskrelative to previous plant&) an area dominated by brown trout, and
with an extremely high prevalenceMiyxobolusceréoralis. All rainbow trout were
tagged with an individually numbered fHfitament Floy tag, and secondarily adipose
clipped for identification in the event of tag loss, used to track individual growth and
survival of the introduced fish. This introduarti of rainbow trout has been monitored
usng annual population estimates. An extensive population estimate was conducted in
the Chimney Rock/Sheriff Ranch section of the river in sp2@@8. Thissampling
eventwas designed to evaluateetgrowth and swival of the Fifish stocked in 20086,
and also to determine what proportions of the fish were sexually mature. The population
estimate cosisted of a markecapture procedumnducted over 6.28 river km (3.9 river
mi). Brown trout, which have increasdthmatically in the river with the decline in
rainbow trout numbers, were present in the reach at atgendi,308 fish per km (2,092
fish per mi). CRR¢residual wild fish and fish present due to repeatecksig of CRR
fingerlings) were estimated &xist at a desity of 109 fish per km (175 fish per mi). The
F1 rainbow trout from the 2006 plant were present atrsitheof 93 fish per km (148 fish
per m). They averaged 34.3 cm (13.5 ifL, ranging from 30.0 to 40.9 cm (11.8 to 16.1
in) TL. In 2008, he fish flom this single plant of 3,000 Fikh comprisd nearlyhalf of
the entire rainbow trout population in this stretch of river (Figure 4.3).

Of the 257 FXish examined, 32 (12.5 %) were found to be sexually mature. Of
these, nine were ferfes and 23 were males. The relativieigh proportion of surviving
F1fish, and the onset of sexual maturity of many of these ¥igsvery encouraging.
Typically, rainbow trout become sexually mature at age two or three under hatchery
conditions, and ker in natural environments. The identification of sexually mature
rainbow trout from th006 stocking event appearkedorable with respect to+e
establishing a wild rainbow trout populationthis location Fingerling fish weralso
collected in 200And 2008 and testddr the presence @R rainbow trout genassing a
guantitative trait loci (QTL) mapping and assignment technidiegails of the QTL

mappingtechniqueand current resulere presentedn t he A Geneti c Techni

of Job No 4.
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Figure 4.3. Number of F1 and Colorado River rainbow trout encountered, by length,

during the spring 2008 mairiecapture population estimate in the Chimney Rock/Sheriff

Ranch section of the upper Colorado River.
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In January 2009, a second introduction of 5,000 F1 rainbow trout, averaging 20.9
cm (8.2in) TL and 107 g (0.2 Ibs), occurred in the upper Colorado River. Prior to being

introduced, all rainbow trout were tagged with an individually numberesdifaraent
Floytag, used to track individual growth and\aual of the introduced fish. Fish were
secondarily marked with an adipose clip for identification in the event of tag loss.
Approximately twethirds of the rainbow trout were introduced to the river via thedyi

Gap Reservoir bypass flume, in which water was open and flowing, while the other third
were introduced

t hrough

a

hol

e

n

t he

mile downstream of Windy Gap Reservoir. The objective of this second introclwas
to increase the adult whirling disease resistant rainbow trout population in the upper
Colorado River, making spawning between resistant rainbow trout more likéig in

section of river.

On April 28 and 30, 2009, a population estimate agasn conducted on the
Chimney Rock/Sheriff Ranch stretch of the upper Colorado Riixen raftmounted
electrofishing units, one fixedoom electrode unit and one throw electrode unit, were
used for both the mark and recapture runs. All trout captureagdciine mark run were

given a caudal fin punch for identification on the recapture run. All of the brown trout

ce

captured on the mark run were measured to the nearest millimeter. In addition, ten brown
trout from each 10 millimeter size clagd®0 mm anddrger were weighed to the nearest
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gram. All rainbow trout captured on the mark run were measured to the nearest
millimeter and weighed to the nearest gram. If an individual had a Floy tag, the number
on the tag and tag color were recorded. If the idd&i could be identified as one from a
previous plant, as evidenced by a missing adipose fin, but did not have a Floy tag, the fish
was retagged with a new Floy tag and the number was recorded.itiorgdde sex and
reproductive status of each rainbtraut, if easily identifiable, were recorded. On the
recapture run, all of the brown trout captured were measured to the nearest millimeter.
Weights were recorded to the nearest gram for fish in any of the size classes that had not
been completed on timeark run. All rainbows were measured to the nearest millimeter,
weighed to the nearest gram, and checked for Floy tag number and color, sex, and
reproductivestatus.

Population estimate wemalculated using the Petersen estimator (with the Bailey
(1951) modification). Bown trout were present ihé reach at a density of 1,2fdéh per
km (1934 fish per mi). CRRsncluding residual wild fish and fish present due to
repeated sttking of CRRfingerlings, were estimatl to exist at a density of 3Gl per
km (48 fish per mi). F1 rainbow trofrom the 2006 planivere present at a density of 41
fish per km (66 fish per mi No F1 rainbow trout from the January 2009 plant were
encountered during the population estima@her fish species enuntere during the
estimate included speckled da&hinichthys osculyswhite suckef(Catostomus
commersor)j longnose suckdCatostomus catostomybluehead suckgCatostomus
discobolu$, and brook trou¢Salvelinus fontinalis

Average length fothe 2,23 brown trout encountered during the estinveas 327
cm (12.8 in) TL, ranging from 7 to 53 an (2.8 to 21.1 in) TL The 92 F1 rainbow trout
encountered averaged 36.8 cm (14.5 in) rEinging from 32 to 44 cm (12.8 to 17.3 in)
TL. The 84 CRR encountdaveraged 36 an (14.4 in) TL ranging from 14 to 49
cm (5.5t0 19.5in) TL (Figure 4.4)F1 rainbows averaged 532 g in weight, ranging from
290 to 1030 g, and CRRvemrged 520 g, ranginigom 124 to 1254 g. As with the
population estimate in 280the F1 fish stocked in 2006 comprised a large proportion of
thetotal rainbow trout populain in the study area (Figure %.5

Of the 92 F1 fish that were handled during the population estimate, 32 (14
females and 22 males) were found to be sexualtumaand ripe. An additional 20
females were sexually mature, but in-ggawn status (green). Twentine fish were
green anaf unknown sexual status, but appeared that they could be potentially ripe later
in the spring. Only seven were clearly immratand did not appear to be potentially
sexually mature in 200%Eighty-three CRR individuals were handled during the
population estimate, and of those, 22 were found to be sexually matuipe(ith
females, eight of which weralready spent, and eightiles). An additional 16 green
females and 39 green fish of unknown sexual status were present. Six sexually immature
CRR individuals were also encountered
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Figure 4.4. Lengthfrequency distribution dbrown trout, ®@lorado River ainbow trout,
andF1 (2006 plant) rainbow tro@ncountered during the spring 2009 meekapture
population estimate in the Chimney Rock/Sheriff Ranch section of the upper Colorado
River.
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rainbow troutencountered during the spring 2009 megkapture population estimate in
the Chimney Rock/Sheriff Ranch section of the upper Colorado.River
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Fry estimates were conducted once a month, June through October 2009.
Standardthreepass 50 ft removal estimates were conducted at seven stations throughout
the upper Colorado River, with three sites downriver of Byers Cafi§@mp-Breeze,

Lone Buck, and Paul Gilbert State Wildlife Areaa)d four sites within the 6.28 k{&.9

mi) study reaclon the Chimney Rock and Sheriff Rancl@keriff Ranch, Lower and

Upper Red Barn, andwoHR24SmiihRoot b&kpack Br i dge)
electrofishing unitsvere used to complete the fry estimatéd.fry caught within the 50

ft sections were idenidd asbrown trout or rainbow troymeasured, and examined for

signs of whirling disease. In addition, spot shocking was conducted during the estimates
for additional disease status information. Fin clips were taken from all rainbow trout fry

for genett analysis. During the October fry estimates, 30 brown trout and 10 rainbow

trout were collected for myxospore enumeration.

Seventyseven rainbow trout fry were encountered over therfiomth fry
evaluations, in comparison to 22 rainbow trout fry emtered in 2008and 14 rainbow
trout fry encountered in 2007. Of those rainbow trout fry encountered, 36 were found in
the 50 foot study sites, and 41 were found in areas outside of the study sites during spot
shocking. Fry density estimates were calmdaising the threpass removal equations
of Seber and Whale (1970). Brown trout fry densities peaked in July, with an estimate
of 1,234 fry per km (1,986 fry per pnidropping to 849 fry per km (1,366 fry pernm
October. Rainbow trout fry densii@lso peaked in July, with astienate of 193 fry per
km (310 fry per m), dropping to 9 fry per km (15 fry per mi) in October (Figure 4.6
Seven percent of the brown trout frycenntered during the frgstimates showed signs
of whirling disease, wheas 19.4 percent of the rainbow trout fry encountered showed
signs of disease. The average myxospore count of the brown trout fry collected in
October was 9,105 myxospores per fish, compared wif087myxospores per figbr
the rainbow trout fry.
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Figure 4.6.Upper Colorado River brown trout and rainbow trout fry density estimates
for the months of June to October 2009
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On May 14 and 18, 2010, a population estimate waduwziad on the same 6.28
km (3.9 mi) stretch of the upp@olorado River through the Chimney Rock/Sheriff
Ranchess in 2008 and 2009. Two raftounted fixeedboom electrofishing units were
used for both the mark and recapture runs. Marking, identification and data collection
procedures were conducted in the samanner as in 2009.

The population estimate was calculated using the Petersen estimator (with the
Bailey (1951) modification). Bown trout were present in the reach at a density of 672
fish per km (1,081 fish per mi). CRRacluding residual wild fisland fish present due
to repeated stiking of CRRfingerlings, were estimated to exist at a density ofi®
per km (33 fish per mi). F1 rainbow trout from the 2006 plegre present at a density
of 11fish per km (17 fish per rpi No F1 rainbow troutrom the January 2009 plant
were encountered during the population estimlfhite suckes were presenn the
reach at a density of 65 fish per km (105 fish per raither fish species encountered
during the population estimate included speckled daddangnose sucker

Average length fothe 2,421 brown trout encountered during the estimate338
cm (13.3in) TL, ranging from 4 to 518 an (1.7 to 20.4 in) TL The 78 F1 rainbow
trout encounteredveraged 33 an (15.5 in) TL, ranging from 34 to 456 an (13.6 to
18 in) TL. The 91 CRR trout encountered averaged3{1d.6 in) TL, ranging from
14.3 to 59mm (5.6 to 23.3in) TL (Figure 4.7)F1 rainbows averaged 582 g in weight,
ranging from 351 to 880 g, and CRR averaged 484 g, rariging 29 to 930 g. he F1
fish gocked in 2006 comprised a much smatissportion of the total rainbow trout
populatbn in the study area than they had in either 2008 or 2009 (Figyre 4.8

109



Figure 4.7. Lengthfrequency distribution for brown trout, Colorado Bi\Rainbow

trout, and F1 (2006 plant) rainbow traricountered during the spring 2010 mark
recapture population estimate in the Chimney Rock/Sheriff Ranch section of the upper
Colorado River.
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Of the 78 F1 fish that were handled during the populatibmate, 46 (22

females and 24 males) were found to be sexually mature and ripe, while 22 (20 females
and two males) had already spawned. An additional three females and three males were
sexually mature, but in prgpawn status (green). Only four wereaclg immature and

did not appear to be potentially sexually mature in 2(Nidety-one CRR individuals

were handled during the population estimate, and of those, 23 were found to be sexually
mature ad ripe (13 females and temales), while 24 (22 femalesd two males) had

already spawned. An additional two green females and eight green males were present.
Thirty-four sexually immature CR individuals were also encountered (Figure .4.9)
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Figure 4.8. Lengthfrequency distributiorior Colorado RiveandF1 (2006 plant)
rainbow troutencountered during the spring 2010 megkapture population estimate in
the Chimney Rock/Sheriff Ranch section of the upper Colorado.River
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Figure 4.9. Number of F1 adult rainbow trout encountered during the spring 2@tk m
recapture population estimate in the Chimney Rock/Sheriff Ranch section of the upper
Colorado River that were immature, mature (ripe), spent, andgaégreen).
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In June 2010, 1,947 F1 rainbow trout, averaging 17.2 cm (6.8 inhdb&.1 g
(0.1 Ibs), were introduced to the upper Colorado River. Prior to being introduced, all
rainbow trout were tagged with an individually numbered-fiteanent Floy tag, and
secondarily adipose clipped for identification in the event of tag Iessl to track
individual growth and survival of the introduced fish. Approximately-thmel of the
fish were introduced at each of three locations: the Sheriff Ranch, located at the lower
end of the Chimney Rock/Sheriff Ranch section, Red Barn, locatbd middle of the
Chi mney Rock/ Sheriff Ranch section, and
end of the Chimney Rock/Sheriff Ranch section. This plant was used to boost adult
whirling disease resistant rainbow trout numbers throughout ttti®sef river,
following the unsuccessful introduction of fish in the winter of 2009.

Fry estimates were conducted onamanth, June through October 2010
Standardthreepass 50 ft removal estimates were conducted at set@ndardstations
throughaut the upper Colorado River, with three sites downriver of Byers Canyon, and
four sites within the 6.28 kif8.9 mi)study reach on the Chimney Rock and Sheriff
Ranches. Two LR24 SmithRoot backpack electrofishing unitsere used to complete
the fry estinates. All fry caught within the 50tfsections were identified &sown trout
or rainbow troutmeasured, and examined for signs of whirling disease. In addition, spot
shocking was conducted during the estimates for additional disease status information.
Fin clips were taken from all rainbow trout fry for genetic analysis. rigutie October
fry estimates, 28rown trout two rainbow trout and fivebrook trout (from Corral Creek
on the Chimney Rock Rancthjere collected for myxospore enumeration.

Figure 4.10. Upper Colorado River brown trout and rainbow trout fry density estimates
above and below Byers Canydar the months of June to October 2009
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Three hundred and severitye rainbow trout fry were encountered over the five
month fry evaliations, 329 in the three sites below Byers Canyon and 46 in the four sites
above Byers Canyoim comparison t@7 rainbow trout fry encountered in 20@2,
rainbow trout fry encountered in 20G8d 14 rainbow trout fry encountered in 2007.
Below ByersCanyon numbers were significantly higher than those above Byers Canyon
because of an introduction of approximately 200,000 rainbow trout fry along the margins
of the river below Byers Canyon in Jul@f those ainbow trout fry encountered, 339
were foundn the 50 foot study sites, and @@&re found in areas outside of thedst
sites during spot shocking. Spot shocking only occurred around the four sites located
above Byers canyon in the Chimney Rock/Sheriff Ranch study area.

Fry density estimates wecalculated using the thrgess removal equations of
Seber and Whale (1970). Browndt fry densities peaked in Septembeith an
estimate off01 fry per km (1,127 fry per pidropping to 239 fry per km (384 fry per
mi) in October. Rainbe trout fry densitiegpeaked in Julyhoth above and below Byers
Canyonwith an estimate of 6,195 fry per km (9,970 fry perrbelow Byers Canyon,
and an estimate of 99 fry per km (160 fry per mi) above Byers Canyon. These estimates
dropped to 294 fry per km (476/ per mi) below Byers Canyon, and 0 fry per km (O fry
per mile) above Byers Canyon, by the end of October (Figure 4.10).phlicent of the
brown trout fry emountered during the frgstimates showed signs of whirling disease,
wherea 6.6percent of tk rainbow trout fry encountered showed signs of disease. The
average myxospore count of the brown trout fry collected in Octobe29yh87
myxospors per fish, compared with 90,888xospores per fish for the rainbow trout
fry, and 29,696 myxospores (desh for the brook trout fry

2011 Field Season

On May 2 and 4, 201 % population estimate was clutted on the same 6.28 km
(3.9 mi) stretch of the upper Colorado River through the Chimney Rock/Sheriff Ranches
as in 20082009 and 2010 Two raftmounted fixedboom electrofishing units were used
for both the mark and recapture runs. Marking, identification and data collection
procedures were conducted in the eamanner as in 201Mue to high water conditions
(averaging 856 cfs, compared to 253i0f2008, 426.8 cfs in 2009, and 270.6 cfs in
2010), approximately 900 less fish were encountered on both the mark and recapture runs
than had been encountered in previous years.

The population estimate was calculated using the Petersen estimator ¢with th
Bailey (1951) modification). Bown trout were preseint the reach at a density of 525
fish per km (845 fish per mi). CRRiscluding residual wild fish and fish present due to
repeated sttking of CRRfingerlings, were estiated to exist at a density five fish per
km (nine fish per mi). F1 rainbow trout from the 2006 and 2010 plants were present at a
density of four fish per km (six fish per )niNo F1 rainbow trout from the January 2009
plant were encountered during the population estimateddition, a small number of
cutbows (cutthroat trout x rainbow trout; RxN) were encountered during the estimate, one
of which was 61.4 mm (24.2 in) TL, and weighed 2,670 g. It is suspected that these fish
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may be escapees from Granby Reservoir, located abomiles upstream of Windy Gap
Reservoir. An estimate of the number of RxNs in the section could not be obtained
because no marked RxNs were encountered on the recaptu@than.fish species
encountered during the population estimate inclwdeite sucker,speckled daceand
longnose sucker.

Average length fothe 1,155 brown trout encountered during the estimate was 34.4
cm (13.5in) TL, ranging from 9.7 to 50dm (3.8 to 20.1 in) TL The 23 F1 rainbow trout
encountered averaged 369n (14.5 in)TL, ranging from 24.3 to 61.40m (9.6 to 24.2
in) TL. The 38 CRR trout encountered averagedth87(14.6 in) TL, ranging from 25.3
to 47.9mm (10 to 18.9 in) TL (Figure 4.11). F1 rainbows averageddpBBweight,
ranging from 122 to 882 g, and CRR averd@d 1 g, ranging from 172 to 1,148 gheT
F1 fish stocked in 200&nd 2010 comprised about haffthe total rainbow trout
populatbn in the study area, with numbers of both F1 and CRR trout in the study area
being extremely low (Figure 4.1.2

Figure 4.11. Lengthfrequency distribution for brown trout, Colorado River Rainbow
trout, and F1 (200&nd 201(@lant) rainbow trouencountered during the spring 2011
markrecapture population estimate in the Chimney Rock/Sheriff Ranch section of the
upper Coloado River.
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Figure 4.12. Lengthfrequency distributiorior Colorado Riveand F1 (200énd 2010
plant) rainbow trouencountered during the spring 2011 meg&apture population
estimate in the Chimney Rock/Sheriff Ranch section of the upper Coloreeio R
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Of the 23F1 fish that were handled dng the population estimate, qimales)
were found to be geally mature and ripe, while wéemale$ had alredy spawned. An
additional seven femalegere sexually mature, but in pspawn status (ges). Seven
were clearly immature and did not appear to bemilly sexually mature in 2011
Thirty-eight CRR individuals were handled during the p@tign estimate, and of those,
tenwere found to be sexually matunedaripe (six females and fourales), while one
(female had aleady spawned. An additional tgreenfemales and sevegreenmales
were present. Tesexually immature CR individuals were also encountered (Figure
4.13)

Figure 4.13 Number of F1 adult rainbow trout encountered durirggring 2011
markrecapture population estimate in the Chimney Rock/Sheriff Ranch section of the
upper Colorado River that were immature, mature (ripe), spent, amgher@reen).
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Survival and Growth of Introduced Rainbow Trout

Encounter histories fdhe introduced rainbow trout were constructed using the
data from population estimates conducted between 2006 and 2011. Suivarad (
detection probability) estimates for the introduced rainbow trout population were
obtained using a Cormaglolly-Seber (CJS) open capturecapture model in program
MARK (White and Burnham 1999). Detection probability was assumed to vary by year,
discharge (entered as a covariate), and sampling season (fall or spring). Discharge was
obtained from the Northern Colala Water Conservancy District historical water records
(Northern Colorado Water Conservancy District 2011): 38 cfs in 2006, 60 cfs in 2007,
253 cfs in 2008, 427 cfs in 2009, 271 cfs in 2010, and 856 cfs in 2011. Sampling in
different seasons was thougbtdffect detection probability; the river was sampled in the
fall in 2006 and 2007, and in the spring from 2008 on. Models in which detection
probability was kept constant were also run. Survival was assumed to vary by year,
introduction size (the combkation of length and weigfitentered as covariates), Floy tag
color (three color$ pink, grey, and greenentered as covariates), season of introduction
(two season$ winter and summeir entered as covariates), and all additive combinations
of time, siz, color,and seasoModel s wer e ranked using Akai ke
Criterion corrected for small sample sizes (AICExtimates of survival and detection
probability were obtained through model averaging of the models with an AIC weight
greater than zer

The top model contained size at introduction and Floy tag color as the variables
that most affected survival rates of the introduced rainbow trout in the upper Colorado
River (AlICc = 1794.691, AICc weight = 0.988). The second best model, the digdlih
of which was 84 times less than the top model, also included both size at introduction and
Floy tag color, as well as season of introduction, as the variables affecting survival (AlCc
= 1803.546, AlCc weight = 0.012). Survival rate did not vary batwears. Estimated
yearly survival rate in the upper Colorado River of the introduced rainbow trout was
0.017 (£ 0.12). The top model showed that detection probability was most likely to vary
by year (within which any number of factors could vary detactirobability including
discharge, water clarity, conductivity, electrofishing equipment type and power output,
sampling crew variations, etc.), with the second best model showing detection probability
varying with discharge (cfs). Detection probabilitgis lowest in 2006 and 2007, when
sampling occurred in the fall using backpack electrofishing units, with detection
probabilities of 0.067 and 0.023, respectively. Detection increased in 2008 when
sampling started occurring in the spring, using electiofgsrafts, with a detection
probability of 0.228, and remained high in subsequent years, with a detection probability
of 0.336 in 2009, 0.391 in 2010, and 0.246 in 2011.

The same encounter histories used for the survival estimation described above
wereever sed to estimate seniority (92), the pr
given year was present in the year previous. Seniority and detection probability estimates
for the introduced rainbow trout population were obtained using a CJS open <apture
recapture model in program MARK (White and Burnham 1999). Sampling in different
seasons was thought to affect detection probability; the river was sampled in the fall in
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2006 and 2007, and in the spring from 2008 on. A model in which detection priybabili
was kept constant was also run. Seniority was assumed to remain constant from year to
year. Models were rankedsing AICc Estimates of senioritgnd detection probability

were obtained through model averaging of the models with an AIC weight glrester

zero.

The top model had season as the variable that most affected detection rates of the
introduced rainbow trout in the upper Colorado River (AICc = 2108.892, AICc weight =
0.922). The model in which detection probability was constant was &% tess likely
than the first model (AICc = 2113.834, AICc weight = 0.078). As a result of seniority
being set as a constant, seniority rate did not vary between years. Estimated yearly
seniority of the introduced rainbow trout in the upper ColoradorRias 0.631 (+ 0.04).

The finite rate of population increas® ¢an be calculated in any given year using
survival and seniority estimates, using the equation

_ P
A =2

Fita

wherea-is the finite rate of population increase in yedr is the surival estimate in

yeari, anda.; is the seniority estimate in yelar 1. The finite rate of increase describes
trends in population growth, witkvalues greater than one indicating that the population
is increasing, andwalues less than one indicajithat the population is decreasing.
Because both survival and seniority estimates were continuous, a single estigdate of
produced. The finite rate of population increase of the rainbow trout population in the
upper Colorado River is 0.027. This noen is very low, and supports data collected
from the field showing that survival is very low and that the introduced rainbow trout
population is declining.

Growth of the introduced rainbow trout was calculated using the length and
weight information cokcted on a per individual basis during the population estimates
conducted between 2006 and 2011. Each cohort (introduction year) was treated
separately, and only the individuals that were recaptured in subsequent population
estimates were used to obtastimates of individual specific growth. Both the fish
stocked in 2006 and in 2010 showed an increase of about 10 cm (3.9 in) TL in their first
year in the river. However, the 2006 fish showed a much larger increase in weight in
their first year in the vier than did the 2010 fish. In general, 2007 seemed to be a fairly
unproductive year for the fish planted in 2006, with growth rates increasing between
2008 and 2010. The fish stocked in 2006 appear to be reaching the maximum size that
can be sustained the upper Colorado River, with the rate of increase in length
decreasing between 2010 and 2011, and no weight gain occurring between 2010 and
2011 (Figure 4.14).
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Figure 4.14. Individual specific increases in length (mm; a) and weight (g; b), olstaine
from Floy tagged rainbow trout encountered during nradapture population estimates
conducted in the Chimney Rock/Sheriff Ranch section of the upper Colorado River

between 2006 and 2010.
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Conclusions

The F1s stocked as catchableed fish in 206 continue to be encountered in the
upper Colorado River. In addition, F1s stocked in 2010 appear to have survived
introduction and remained in the reach in 2011. However, overall numbers of adult F1
rainbow trout per mile are at an all time low sinegibning these experiments in 2006.
There are several reasons for this, including the lack of survival of the winter 2009
introduction of F1 rainbow trout, the low yearly survival of introduced rainbow trout
(1.7%), and the lack of recruitment to the adainbow trout population despite the
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occurrence of natural reproduction in the upper Colorado River. Fry estimates in 2011
indicate that natural reproduction of rainbow trout is occurring in the upper Colorado
River; however, there is still a nearly cplete loss of rainbow trout fry in the Chimney
Rock/Sheriff Ranch section by late October. Recruitment to the adult population still
appears to be neexistent, a result of a lack of survival of naturally produced offspring
beyond the fall. However, stking resistant rainbow trout fry does appear to increase the
number of rainbow trout fry present in the river in October, as seen in the fry populations
examined below Byers Canyon. Sampling in 2011 will determine if this also translates to
an increase inecruitment to the agé rainbow trout population below Byers Canyon.

The adult resistant rainbow trout population in the Chimney Rock/Sheriff Ranch
section needs to be increased if a-saBtaining rainbow trout population is going to be
establishedh this section of the upper Colorado River. Rainbow trout numbers are low
enough that we are likely to see an Allee effect in this section of river in 2011; that is,
numbers are so low that the adult rainbow trout may be unable to find each other to
spawn, and therefore, little to no natural reproduction may occur this year. Larger
introductions, occurring in the summer when survival is higher, will likely be needed in
the near future to boost the adult spawning rainbow trout population in the Chimney
Rock/Sheriff Ranch section of the river. In addition, depending on the results of the fry
introductions below Byers Canyon, large fry introductions may also be used to increase
recruitment to the adult spawning population in this section of the river.

Gunnison River

Introduction

The rainbow trout population in the Gunnison River has dramatically declined
since the introduction of whirling disease i
upper Colorado River, multiple years of stocking pure ColoRigier rainbow trout
fingerlings has not resulted in any measurable increase in rainbow trout density or
biomass. In fact, rainbow trout numbers have continued to decline, and brown trout
numbers have increased to historical highs. A series of stockémgsewn the Gunnison
River have occurred since 2004 in which equal numbers of pure Colorado River rainbow
trout and GRCRR cross fish have been differentially marked and stocked together to
evaluate relative survival rates of the strains, and as an atienggstablish a wild self
sustaining population in this location.

Introductions and Evaluations (202008)

In 2004, GRCRR 50:50 (F1) fish were marked with red Visible Implant
Elastomer (VIE) tags, and pure CRRs were similarly marked with greerag¢e t
During this initial introduction, 10,104 CRR (13.6 cm TL) and 10,115 F1 (11.9cm TL)
rainbow trout were stocked as fingerlings into the Ute Park section of the Gunnison
Gorge (Figure 4.16). The fish were mixed together prior to stocking to praasrdue

119



to handling, and then spread throughout the stream section using a helicopter. In 2005,
GR-CRR 25:75 (B2) fish were stocked, rather than F1s, along with pure CRRs. The B2s
were marked with an adipose clip, and pure CRRs were marked with aaligletgip.

Five thousand of each variety (15.2 cm TL) were stocked as fingerlings. In 2006, B2s
(17.3 cm TL) were stocked as larger fingerlings to determine if slightly larger B2s would
perform better than those from the original (2005) plant of B2se ERRs were not

marked in this plant; B2s were given an adipose clip and a red VIE tag. In 2007, the
number of fish stocked was increased to 20,000 each of the pure CRR and F1 rainbow
trout, stocked as 14.7 cm fingerlings. Coded wire tags were ubattctemark both F1s

and CRRs. Additionally, F1s were secondarily adipose clipped for identification in the
event that the coded wire tag was lost.

Figure 4.15. Historic rainbow trout and brown trout population estimates (fish per mile)
for the Ute Parlsection of the Gunnison Gorge.
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Figure 4.16. Gunnison River study area.
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Growth, survival, and infection severity of tiréroduced strains/ere evaluated
from samples collected during the annual population estimate conducteghthe
following the introduction. Estimates were obtainesithg markrecapture samplagwith
boatmounted electrofishg gear. All rainbow trout were carefully examined for
evidence of VIE marks, fin clips, and coded waigs. Subsamples of fish were collected
for myxospore evaluation using tipepsintrypsin digest PTD) method in 2005 and
2006.

The 2005 population estimate indicated that survival of both varieties of fish
stocked in 2004 was relatively low, with only 12 of the pure CR&,2 of the F1 fish
encoungredin the 2,375 m sampling area. The sampling resulted in an estimate of
CRRper km(16 CRRpermi). The estimatdor the F1 strain was 14 fish per km (f&h
per m). TheCRRsaveragd 24.8 cm(9.8 in) TL, andthe F1s averagezB.3 cm(11.1 in)

TL. All of the pure CRR individuals collected were found to be infected, with an average
myxospore count of 124,603 (#29,406)myxospores pelish. Only six of the ten F1
individuals collected were found to be infected, with an average myxospore €ount o
4,055 (+ 8,336) myxospores per fish.

Survival and population estimate®re difficult to assess directiy 20086 for fish
stocked in 2003because of mark loss (fin regeneration or poor marks) in het@RR
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and B2 strains Amplified Fragment LengtRolymorphism (AFLPJ}esting, a molecular
technique that can help distinguish between individuals of the same species with different
genetic lineages, was used to identify a subsamplaroétked fish as either B2 or CRR
Applying the ratio ofish identified as each strain the subset to the overall population
estimate of fish resulted in an estimat&8ffish per km (53 fish per mi) for the CRRs

and?22 fish per km (35 fish per mi) for the B2BTD testing identified an avage of

83,929 myxospores (¥49,719) in the pure CRRdanted in 2005. The average

myxospore count amortge B2s was 40,480 @8,121)myxospores per fish

In 2007, poor mark retention once again made estimating numbers of pure CRR
andGR-cross fish difficult. The overall populah estimate of rabow trout (over 15 cm
TL) was 135 fish per km (21fish per m). Of the 144 fish sampled, 16 (11.1%) were
identified as either F1 or Bihdicated by either the presence of red VIE t@gadipose
clips, while only three (2.1%yere icentified as pure CRR, indicated by the presence of
green VIE tags In 2008, the population estimate fomtaow trout (over 15 cm TL) was
111 fish per km (178 fish per i Fish stocked in 200Were clearly identifiable due to
the coded wire tags and fotips. Of the 157 rainbowdut that were sampled, FAs
and twoCRRs from the 2007 plant were positively identified, producing an estimate of
seven F$ and twaCRRs per km(12 Flsand three CRRper mile). Average length of
the F1927.7 cmTL) wassimilar to theCRRs (27.5 cmTL) in 2008, afteone year in the
river.

Overall, poor survival estimates were quite evident for both the pure CRR and the
GR-cross fish in each year of stocking. Predation by brown trout, loss of marks, and
emigration fronthe study area were likely contributing factors. However, in both years
(2006 and 2008) whefels and CRRs were positivatientified andcould be compared
directly from the stocking event ithe previous year, the Fd®re much more abundant
than the pre CRRs (Figure 4.37
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Figure 4.17. Lengthfrequency distribution of the rainbow trout strains encountered
the Gunnison River in 2006 and 2008 where direct comparisons of pure Colovado Ri
rainbow trout and F1 strain rainbow trout that could laglenas a result of positive
identification adish stocked in the previous year.
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The results of this field evaluatia@emonstrated that the Féan surwe at least
as well as th€ RRswhen planted as fingerlings. The results also demondtize
myxospore countgdeveloped after stockingremuch lower in the F1s than in the CRRs
The myxospore counts in B2sleased into the wild were similar to those fdim
laboratory experiments, and while lower than thespounts from the pure CRRsere
also higher than aerved in the F1sThis reinforces the notion that alllng natural
selection, acting on F1 offspringp, occur in the wild may be a more effective method to
producing sufficient resistance and wild behaviors than creating subsequees(@osh
as the B2sartificially.

2009 Field Season

Brown trout numbers remaed high, and rainbow trout numbers low, in the Ute
Park section of the Gunnison Goiige2009. Brown trout werestimated to bpresent in
the sectiorat a desity of 4,89 fish per km (7,562 fish per miNine fish were
positively identified agitherF1s or B2s stocked in past years, and were estimated to be
present in the reach at arsity of 3 fish per km (5 fish per miwild rainbow trout,
those that could notapositively identified as CRRs, F1s, or B2gere estimated to be
present in the study reach at asigy of 44 fish per km (70 fish per mi; Figure 4.18).
Despite low numbers of rainbow trotitree age classes were seen in the rainbow trout
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population forthe first time since the introduction of whirling diseaséhe earlyl990s
(Figure 4.19).

Figure 4.18. Lengthfrequency distribution of brown trout, G&oss (HxC) rainbow
trout, and wild rainbow trout encountered during the fall 2009 mechptue population
estimate in the Ute Park section of the Gunnison Gorge.
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Figure 4.19. Lengthfrequency distribution of GRross (HxC) and wild rainbow trout
encountered during the fall 2009 madcapture population estimate in the Ute Park
section of theGunnison Gorge.
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During fry evaluations conducted in July 2009, 90 rainbow trout fry were found at
several sites throughout the Gunnison Gorge. Fin clips were taken from all rainbow trout
fry for genetic analysis. Fry population estimates conductédigust estimated that
brown trout were present in the Gunnison Gorge at aityenf 803.4 fish per km (1,293
fry per mi), decreasing to 345.4 fish per km (556 fish pgrnmDctober. Rainbow trout
fry were present in the Gunnison Gorge at a densib2affish per km (816 fish per mi)
in August, decreasing to 347 fish per km (556 fish per mi) in Octddewn trout fry
were removed from one 50 foot section in the Ute Park section of the Gunnison Gorge
during the August fry evaluations. At the timetloé removal, two rainbow trout fry
were found in thisection. This same section contaid&drainbow trout fry wen fry
evaluations were repest in October. These results suggdstat brown trout fry
removal may increase rainbow trout fry survivatiaetention in the Gunnison Gorge,;
thereforea larger sale replicate of the removal was condudtethe Ute Park seicin of
the Gunnison Gorge iB010(see below)

The East Portal of the Gunnison River is located downstream of the Crystal Dam,
at theupstream end of the Black Canyon of the Gunnison National Park, and is currently
being managed as a potent&R-cross wild brood stock location. In 2007, 4, FI0
rainbow trout, averaging six inches in length, were stocked into the a two mile section of
the East Portal, with introductions of F1 rainbow trout continuing in 2008 (42,000
rainbow trout averaging 4.7 jyrand 2009 (5,000 mabow trout averaging 4.7 )n The
introduced rainbow trout hawexhibitedhigh survival in the East Portal, comprisindfha
of the overall fishpopulation (Figure 4.20 In September 2009, brown trout were
estimated to be present in the East Portal at sityesf 1,616 fish per km (2,601 fish per
mi), with rainbow trout estimated to be present at aitenf 1,548 fish pekm (2,492
fish per m). During the recapture run of the population estimate, a-stal brown
trout removal was conducted, moving captubedwn trout below a diversion structure
located downstream of the study section. During the recapture rubr@e6 trout, or
about 5.4% of the population, were removed from the two mile section of the East Portal.

The high survival of the rainbow trout in the East Portal of the Gunnison River
can be patrtially attributed to the lower whirling disease infectiwityis part of the river.
In addition to high adult survival, the adults appear to reproduamythe offspring
recruiting to the adult population. Brown trout removal may prove to be effective in
increasing rainbow trout numbers in the East Poifakse results are promising, and
could lead to the establishment of a wild, sei§tainingGR-cross brood stock in the East
Portal of the Gunnison River.
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Figure 4.20. Lengthfrequency distribution of brown trout and rainbow trout
encountered duringpé fall 2009 markecapture estimate in the East Portal of the
Gunnison River.

\ mLOC ERBT

Number Sampled

7 11 15 19 23 27 31 35 39 43 47 51 55 39
Length (cm)

2010 Field Season

A large-scale brown trout fry removal project was initiated in the Ute Park section of the
Gunnison Gorge in 2010. A one mile section of the Gunnison Raeiselected for the
experimental manipulation. The upstream end of the section was located just below
Buttermilk rapid, with the downstream end extending just downriver of the BLM tepee
(Figure 4.21).Removal of brown trout fry occurred over the fahth of the section on

the west side of the river; no removal occurred on the east side of the river. It was
assumed that the river was wide and swift enough to prevent recolonization of brown
trout fry from the east side of the river. In addition, gketion was split into two half

mile sections; rainbow trout fry were stocked in the lower-hmllé section, and were not
stocked in the upper hatile section. This provided four treatment areas: (1) no brown
trout fry removal and no rainbow trout fsyocking (NR, NS), (2) no brown trout fry
removal and rainbow trout fry stocking (NR, S), (3) brown trout fry removal and no
rainbow trout fry stocking (R, NS), and (4) brown trout fry removal and rainbow trout fry
stocking (Figure 4.21).

Brown trout fryremoval occurred during the last week of June 2010. Prior to the
removal, two fry population estimation sites, 50 ft in length, were established in each of

the four treatment areas; the first represen

toesti mates) and the second represented
estimates), to determine the range of fry distribution throughout the study section.
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Population estimates were conducted using two SRutht LR-24 backpack
electrofshing units running sidby-side to complete a twpass removal estimate. Total
lengths were obtained from all fish encountered during the population estimates. The
removal was accomplished using two Snaitbot LR-24 backpack electrofishing units,
and ecurred in four quartemile sections in which one backpack electrofishing unit and
two netters scoured the shallow bank habitat for fry. Therefore, the fry habitat
throughout the entire section was shocked only once during the removal. All rainbow
troutfry encountered during the removal were immediately returned to the river; brown
trout fry were not. A total of 4,267 brown trout fry were removed over the course of the
three day removal, representing 32% of the estimated brown trout fry populatio® on t
west side of the river.

Rainbow trout fry were packed into the gorge on horseback on June 25, 2010. A
total of 21,000 rainbow trout fry were brought in 12 bags. Three bags were taken to each
of the four 50 ft population estimation sections in thedohalf mile of the river for
stocking. The 50 ft sections were used as focal points for the stocking to ensure that
rainbow trout were introduced to the sections were the fry population estimates would be
repeated in October. The fish were distributethlup and downriver from the 50 ft
sections, with the rainbow trout being introduced in groups of 10 to 50 every couple of
feet. After stocking, rainbow trout were observed swimming in the margins of the river,
feeding, and reacting to shadows normally.

Fry population estimates were conducted in October to evaluate the success of the
brown trout fry removal and rainbow trout fry stocking. A-mafbunted bank
electrofishing unit with three electrodes was used to complete the estimates, and three
removalpasses were made through each of the eight previously established sites (two in
each of the treatment areas). In August 2010, a major flood occurred in the Gunnison
Gorge, changing the habitat of several of the established fry sites. To account fer effec
of the flood, and to gain a better understanding of how the fry redistributed after the
flood, a third randomly chosen site was sampled in each of the treatment areas to increase
sample size. The amount of silt was qualified (lots, some, little on fi@neach of the
sites to be used as a covariate in the analysis. Lengths were taken from all fish
encountered during the sampling. In addition, fin clips were taken for genetic analysis
from the sites in which rainbow trout fry were not stocked in Jsites within the NR,
NS and R, NS treatment areas).
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Figure 4.21. Map of the experimental sap for the brown trout fry removal experiment
conducted in the Ute Park section of the Gunnison Gorge. The two dots and GPS
locations within each of the treaént areas represent the fry population estimation sites
established in June 2010, and resampled in October 2010.
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Burnham 1999) was used to directly estimate detection pidtesbip); in addition
abundanceN)was obtained as a derived parameter. Models with continuous detection
probability, as well as with detection probability varying by length (entered as a covariate
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in the input file), site, or species (rainbow trouboown trout), and all additive
combinations therein, were used to obtain estimates of detection probability and
abundance in June. Models in which detection probability was continuous, or varied by
site, species, the qualitative variable silt (silt), vileetor not the site had been stocked

with rainbow trout fry (stocking), whether or not brown trout removal had occurred in the
site (removal), treatment (combination of stocking and removal), or length (entered as a
covariate), and all additive combinatgtherein, were used to obtain estimates of
detection probability and abundance in Octobddodels were ranked usir@iCc. For

the data collected in June, the continuous detection probability model was the top model
(AICc = 269.493, AICc weight = 0.291For the data collected in October, the top model
had detection probability varying by site (AICc = 1108.523, AICc weight = 0.18&3).
addition, the importance of each model parameter was calculated using cumulative AlCc
weights. For the June data, lémgvas the parameter that most affected detection
probability (cumulative AICc weight = 0.438), followed by site (cumulative AICc weight

= 0.301), with species having less of an effect on detection probability than either length
or site (cumulative AICc wght = 0.271). Site was the variable that most affected
detection probability in October (cumulative AICc weight = 0.894). Silt (cumulative
AICc weight = 0.311), species (cumulative AlCc weight = 0.287), length (cumulative
AICc weight = 0.269), stockingcumulative AICc weight = 0.202), and removal
(cumulative AICc weight = 0.194) all had less of an effect on capture probability than did
site, and treatment had a very small effect on detection probability (cumulative AlCc
weight = 0.074). Estimates dé&ection probabilityand abundanceere obtained

through model averaging of the models withAd@ weight greater than zero.

Figure 4.22. Estimated brown trout (LOC) fry abundance (per miitethe four
treatment sections, for the months of June actlé2r, in the Ute Park section of the
Gunnison Gorge.
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Brown trout fry abundance decreased in all four of the treatment sections between
June and October (Figure 4.22). In June, the number of brown trout fry per mile was
similar on both sides of thever (removal versus nememoval sections). Both sections
showed a similar decrease in brown trout fry between June and October, and did not
differ in the number of fry per mile in October, indicating that the removal was not
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necessarily responsible foretlllecline. Similarly, brown trout fry experienced a similar
decrease in number of fry per mile in sections that were and were not stocked with
rainbow trout fry, indicating that the addition of rainbow trout fry was not necessarily
responsible for the dice (Figure 4.23). Overall, there did not appear to be a

relationship between treatment and decline in brown trout fry per mile between June and
October.

Figure 4.23.Estimated brown trout (LOC) fry abundance (per mile) in the (a) removal

(R) and no-removal (NR) sections, and (b) the sections stocked (S) and not stocked (NS)
with rainbow trout fry, for the months of June and October, in the Ute Park section of the
ngnison Gorge.
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Figure 4.24. Estimated rainbow trout (RBT) fry abundance (per Jnilehe four
treatment sections, for the months of June and October, in the Ute Park section of the
Gunnison Gorge.
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There was a significant decline in the number of rainbow trout fry per mile in the
nonremoval/stocked and removal/not stocked treatsjero difference in fry per mile in
the nonremoval/not stocked treatment, and a significant increase in fry per mile in the
removal/stocked treatment between June and October (Figure 4.24). The increase in the
treatment in which brown trout were remo\ad rainbow trout fry were stocked
indicates that the combination of the two management actions may have a positive effect
on rainbow trout fry survival in the Gunnison Gorge. In the sections where brown trout
fry removal did not occur, and sections ihieh rainbow trout fry were not stocked, there
was a significant decline in the number of rainbow trout fry per mile between June and
October. However, in sections where rainbow trout were stocked, and sections where
brown trout were removed, there wag asignificant change in the number of rainbow
trout fry per mile between June and October (Figure 4.25). These results indicate that
either management action may be effective in increasing rainbow trout fry survival in the
Gunnison Gorge. The resultsthis study were significantly influenced by the flood that
occurred in the Gunnison Gorge in August 2010, specifically the change in the quality of
fry habitat due to siltation (Figure 4.26). Therefore, a similar experiment is scheduled to
occur in theSmith Fork section of the Gunnison Gorge in 2011.

Figure 4.25.Estimated rainbow trout (RBT) fry abundance (per mile) in the (a) removal
(R) and norremoval (NR) sections, and (b) the sections stocked (S) and not stocked (NS)
with rainbow trout fry, fothe months of June and October, in the Ute Park section of the
Gunnison Gorge.

a b
ERBT - June ERBT - October ERBT - June ®ERBT - October
600 600
@ 400 @ 400
Z 200 Z 200
0 0

NS S

131



Figure 4.26. Effects of silt in fry habitat on the October 2010 estimated fry abundance
(per mile) in the Ute Park section of the Gunnison Gorge.
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Brown trout numbersemairedhigh, and rainbow trout numbers low, in the Ute
Park section of the Gunnison Goiige2010. Brown trout biomass was up 9.2%, and
density was up 43.4%, from 2009. Brown trout wesgmated to bpresent in the
sectionat a desity of 6,438 fishper km (10,342 fish per mi)Despite low numbers of
rainbow trout, rainbow trout biomass was up 45.5%, and density was up 95.2%, from
2009. No rainbow trouwere positively identified asitherF1s or B2s stocked inpast
years Therefore, Wd rainbowtrout, those that could notlpositively identified as
CRRs, F1s, or B2svere estimated to be present in the study reach atsatylef 127
fish per km (205 fish per mi; Figure 4.27). Five age classes were obgethedainbow
trout populatiorin 2010, an increase from the three age classes represented in the
rainbow trout population in 2009 (Figure 4)28
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Figure 4.27. Lengthfrequency distribution of brown trout and wild rainbow trout
encountered during the fall 2010 madcapture populationsémate in the Ute Park
section of the Gunnison Gorge.
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Figure 4.28. Lengthfrequency distribution of wild rainbow trout encountered during the
fall 2010 markrecapture population estimate in the Ute Park section of the Gunnison
Gorge.
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