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Abstract.—Cutthroat trout of the Bear Lake Bonneville strain, Oncorhynchus clarki utah, were
used in two separate density experiments. In the first, fish were reared for 212 d in outdoor raceways
at four densities; fish were allowed to grow into their final rearing density and were fed 7 d/week.
Final rearing densities averaged 768, 1,597, 2,073, and 2,998 fish/m3, and corresponding density
indices (DI = fish weight, 1b/[fish length, in X water volume, ft3]) were 0.40, 0.90, 1.10, and
1.46. In experiment 2, crowding screens were adjusted monthly, and fish were fed 5 d/week; final
rearing densities were 338, 739, and 1,634 fish/m3 (DIs of 0.19, 0.39, 0.75). Feed conversion and
mortality did not significantly differ among densities for either experiment. Final mean weights
did not differ among the four densities of experiment 1, but mean total length was significantly
longer in fish reared at the lower densities. In experiment 2, final mean weight was significantly
reduced in the highest density and specific growth rates for all densities were lower than in
experiment 1. Frequencies of agonistic behaviors did not differ among densities in experiment 2.
Hemoglobin, total white blood cell (WBC) counts, differential WBC counts, and hepatosomatic
indices did not differ among densities in either experiment. Red blood cell (RBC) counts and the
splenosomatic index (SI) did not differ among densities of experiment 1. However, in experiment
2, the RBC count was higher at the lowest density than at the highest, and the SI was significantly
higher at the highest density than the lowest. Condition factor, plasma protein, hematocrit, and
relative dorsal fin length differences among densities were observed, but were inconsistent over
time. Adverse effects of high density on mesenteric fat levels and pectoral fin condition were
observed in experiment 2. Saltwater challenge tests resulted in greater mortality for fish from high
densities. The data indicated that rearing cutthroat trout at a DI of 0.75 or higher (about 1,600
fish/m3) may compromise fish health when densities are adjusted monthly and fish are fed 5 d/week;
the data also indicated that even lower densities are needed for maximum growth.

Densities of cutthroat trout Oncorhynchus clarki
in Utah hatcheries have primarily been modeled
after culture practices for rainbow trout O. mykiss.
Rainbow trout have been domesticated for nearly
a century, especially many of the strains used in
Utah. Conversely, cutthroat trout cultured in Utah
hatcheries are derived from wild parents and are

only one generation removed from wild parents.
Although cutthroat trout are reared at densities
similar to those for rainbow trout, a recent survey
indicated that pectoral fin erosion in cutthroat trout
was more severe than in rainbow trout (Bosa-
kowski and Wagner 1994). Fin condition may have
an impact on survival after stocking (Nicola and
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Cordone 1973), is aesthetically unappealing, and
may provide a site for bacterial infection.

Density can be a factor in fin erosion of salmo-
nids (Mikinen and Ruohonen 1990). This rela-
tionship is probably associated with aggressive be-
haviors such as fin nipping (Abbott and Dill 1985).
For example, steelhead (anadromous rainbow
trout) in isolation did not develop dorsal fin ero-
sion, whereas counterparts did at a density of 9,400
fish/m3 (Kindschi et al. 1991a). Aggressive be-
havior can be dependent upon density; some spe-
cies, such as the Arctic char Salvelinus alpinus,
exhibit less aggression at higher densities (Brown
et al. 1992), but others express more aggression
(Cole and Noakes 1980).

This study was initiated to determine the effect
of density upon fin erosion, aggressive behavior,
and other variables related to hatchery perfor-
mance and general health of cutthroat trout. Hatch-
ery performance was determined by comparing
growth, mortality, and feed conversion. General
health in this study was defined by necropsy-based
observations (Goede and Barton 1990), hepato-
somatic and splenosomatic indices, counts of var-
ious blood cell types, and survival in salt challenge
tests. Many of these variables are known to be
affected by density (Pickering and Pottinger 1987;
Vijayan et al. 1990; Banks 1994). The study con-
sisted of two experiments. In the first, fish were
allowed to grow into the final projected density.
In the second experiment, fish densities were main-
tained at the target level by adjusting crowding
screens monthly.

Methods
Experiment 1

Cutthroat trout of the Bear Lake Bonneville
strain O. clarki utah were stocked into outdoor
concrete raceways (water volume = 6.04 X 1.14
X 0.35 m) on 1 October 1993. Equal weights of
fish were put into each raceway (about 2,385 fish
per raceway; mean weight, 1.2 g) and reared for
212 d. Four densities were evaluated, with two
raceways per treatment. Densities were adjusted
with crowding screens at the beginning of the ex-
periment and left until the fish grew into the final
densities. The density index of Piper (1972) was
calculated in English units from the formula: DI
= fish weight, Ib/(fish length, in X volume of rear-
ing unit, ft3). Final rearing densities were 757-779
fish/m3 (DI = 0.41), 1,589-1,605 fish/m® (D1 =
0.86-0.95); 2,064-2,082 fish/m3 (DI = 1.09-
1.12); and 2,998-2,999 fish/m3 (DI = 1.44-1.49).
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These densities are hereafter referred to respec-
tively as D1, D2, D3, and D4 for experiment 1.

Fish were initially hand fed a dry commercial
trout diet (Silvercup) at 5.2% of body weight. This
ration was reduced incrementally as waste feed
was observed. By the second month of rearing,
fish were fed 2.2% of body weight and 1.19% at
the end of the experiment. Fish were fed 7 d/week.
Feeding was begun at a frequency of 6 times/d and
was reduced to 4 times/d after 66 d and to 3 times/d
on day 132. Water flow rates were increased in-
crementally each month to achieve similar loading
rates; flows began at 19 L/min and reached 163
L/min at the end of the experiment.

Water quality of the well water supplying the
raceways was monitored with standard methods
(APHA et al. 1989). Incoming water had a total
alkalinity of 205-222 mg/L as CaCOs3, total hard-
ness of 222 mg/L as CaCOs, dissolved oxygen of
6.5-6.9 mg/L, temperature of 14.0 * 0.5°C, and
total gas saturation of 106-108%. At the end of
experiment 1, outflow dissolved oxygen was 3.8—
4.4 mg/L, pH was 7.2-7.3, carbon dioxide was 24—
29 mg/L, and un-ionized ammonia nitrogen did not
exceed 0.0042 mg/L.

Necropsy-based health and condition profiles
(HCP; Goede and Barton 1990) were conducted
on 3 December 1993, 28 January 1994, 28 Feb-
ruary 1994, and 29 April 1994. Ten fish per race-
way were dipnetted, placed into a lethal solution
of tricaine methanesulfonate anesthetic (MS-222),
and subsequently examined by a single person to
avoid observer bias. The treatment from which the
fish came was not revealed to the observer until
after the observations were recorded. The fin index
was modified such that the values ranged from 0
(no erosion) to 2 (severe erosion), and fin length,
as well as hemorrhaging, was considered in the
categorizing decision. Maximum fin length mea-
surements were also made on the same dates with
the same fish, and the measurements were con-
verted to relative fin lengths (100-maximum fin
length/total length; Kindschi 1987).

Experiment 2

On 11 July 1995, 1,500 Bear Lake Bonneville
cutthroat trout (mean weight, 1.2 g) were hand
counted into each of nine raceways. Three race-
ways were assigned to each of three density index
treatments: 0.2, 0.4, or 0.8. Target densities were
achieved by adjusting crowding screens monthly
so that target densities would be reached at the end
of the following month. On day 161, the raceways
were thinned to 1,100 fish/raceway to maintain
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TaBLE 1.—Comparison of mean cutthroat trout density expressions for both experiments during each month.

. Density index? Fish/m3 Kg/m3
Experiment
day D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 D3 D4
Experiment 1
30 0.04 0.09 0.12 0.13 631 1,356 1,744 2,818 1.58 3.85 4.97 4.48
60 008 016 021 0.28 630 1,352 1,741 2,813 4.44 8.95 12.14 14.51
91 012 022 028 040 629 1,350 1,736 2,800 8.58 14.80 19.03 25.39
122 020 038 052 068 780 1,622 2,103 3,046 16.58 31.44 44.12 53.88
150 028 052 068 0.90 777 1,618 2,098 3,040 27.04 47.74 63.69 81.05
181 036 074 0.90 1.20 773 1,607 2,086 3,018 41.62 83.66 98.43 124.84
211 040 090 1.10 1.46 768 1,597 2,073 2,998 49.84  113.35 134.13 172.40
Experiment 2
18 015 030 055 2937 5,880 ° 11,755 5.73 11.16 19.12
49 013 025 044 1465 2,932 5,860 6.07 11.52 19.41
80 019 037 0.66 1453 2,910 5,816 11.64 21.99 37.40
110 016 029 0.57 916 1,933 4,009 11.41 18.86 35.76
141 0.16 0.30 0.55 704 1,489 3,049 12.30 22.58 38.91
171 0.14 0.28 0.48 513 1,081 2,228 13.21 24.16 39.38
202 0.18 035 0.60 487 1,025 2,114 19.20 35.05 55.94
231 0.18 036 0.70 383 810 1,888 21.20 41.00 71.45
263 0.19 039 075 338 739 1,634 24.64 50.48 90.29

2 Density index = fish weight, Ib/(fish length, in X volume of rearing unit, ft3), from Piper (1972).

target densities. Actual density indices among in-
dividual raceways over the course of the experi-
ment (261 d) ranged from 0.12-0.20, 0.24-0.40,
and 0.42-0.79 in the low (D1), medium (D2), and
high (D3) densities, respectively. Densities ex-
pressed as either fish or weight per unit volume
are compared in Table 1 for both experiments.

The incoming water was identical to that de-
scribed for experiment 1. At the end of the ex-
periment, un-ionized ammonia nitrogen concen-
trations in the outflow did not exceed 0.0095 mg/L,
effluent dissolved oxygen was 5.2-5.8 mg/L, and
carbon dioxide was 21-27 mg/L. Values for pH
and total gas concentration were within the ranges
reported for experiment 1.

Necropsy-based HCPs were conducted on 29
September 1995 (day 79), 30 November 1995 (day
141), 30 January 1996 (day 202), and 27 March
1996 (day 289) with the protocol described for
experiment 1. Maximum fin lengths were mea-
sured on the same dates with the same fish.

Fish were fed initially at 3.7% of body weight,
which was reduced incrementally over the course
of the experiment to 1.5% as waste feed was ob-
served. Any changes in ration were applied across
all raceways. Fish were initially fed 6 times/d, and
the frequency was reduced to 4 times/d when the
fish reached an average size of 15.1 g (day 147
for D1 and D2, day 155 for D3). Mean weights
were determined monthly by crowding fish to the
head of the raceway and averaging five samples
of dipnetted fish. Water flow to each raceway was

initially 39 L/min; it was increased to 59 L/min
on day 68 and incrementally reached 76 L/min by
the end of the experiment.

Saltwater Challenge

A saltwater stress challenge was conducted to
determine if crowding affected a fish’s ability to
osmoregulate when it was transferred to a saline
solution. For experiment 1, challenge tests were
conducted at 17°C in 30-L opaque containers sup-
plied with compressed air through an air stone.
Noniodized rock salt was dissolved in the tank
before introducing the fish. Preliminary tests re-
vealed that the fish could survive a salt solution
of 10 g/L for 24 h. A subsequent 24-h test was
conducted at a salt concentration of 15 g/L on 8
June 1994. In each test, three fish were put into
each tank, and two tanks were used per treatment.

For experiment 2, 24-h challenge tests were con-
ducted in 800-L indoor circular tanks on 10 Jan-
uvary 1996 and replicated on 11 January 1996.
Thirty fish (mean weight, 25.2 g) were put into
each of six tanks, which were aerated as in ex-
periment 1. For each replicate test, three tanks
were used as controls (no salt added) and three
had 18 g/L salt. Fish from one density treatment
were added to one test tank and one control tank.
No water exchange was made during each repli-
cate. A small number of fish had jumped from a
few of the tanks overnight, but these were not in-
cluded in the analysis.

Specific conductivity, temperature, and dis-
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solved oxygen (DO) were monitored shortly after
stocking and also the following day. Dissolved ox-
ygen concentrations dropped as low as 4.9 mg/L
after stocking the fish but recovered to final con-
centrations that ranged from 6.2 to 7.4 mg/L. Tem-
peratures during the test were stable (144 =
0.3°C). Specific conductivity was 0.4-0.5 mS/cm
in control tanks and ranged from 12.5 to 26.7
mS/cm in replicate 1 and from 23.6 to 28.6 mS/cm
in replicate 2. After each of the 24-h tests, blood
was collected with an ammonia-heparinized sy-
ringe from the caudal vasculature of anesthetized
fish for analysis of plasma chloride. The blood was
centrifuged in microcentrifuge tubes and the plas-
ma was transferred to another tube for freezing
until the assay. Chloride was assayed with a chlor-
idometer (Haake-Buchler); a commercially pre-
pared standard was used for calibration and quality
control.

Hematology

On day 146 of experiment 1, six fish per treat-
ment (three per raceway) were collected by dip net
and immediately put into a 150 mg/L solution of
tricaine methane sulfonate (MS-222). Blood was
collected from the caudal vasculature with an un-
heparinized syringe. After the needle was re-
moved, unheparinized microhematocrit tubes were
filled and broken at 10-s intervals, and the elapsed
time at which a clot strand remained suspended
between broken sections of microhematocrit tubes
was noted with a digital timer. An additional hep-
arinized tube was used for determination of he-
matocrit (Hesser 1960). A blood smear was made
according to standard methods (Hesser 1960) and
later stained with the Leishman—Giemsa stain. Dif-
ferential blood cell counts were made from the
slide, and the smear was examined for the number
of lymphocytes, neutrophils, thrombocytes, and
other white blood cells. Counts were made at the
margin of the smear (where cells did not overlap)
at 100X magnification until 100 white blood cells
were counted.

Erythrocyte and white blood cell counts were
made with a diluting pipette (1:200 dilution),
Rees-Ecker solution, and an improved Neubauer
hemocytometer (Houston 1990). Hemoglobin was
determined with a Spencer hemoglobinometer. Af-
ter blood collection, the weight of the whole fish,
spleen, and liver were recorded to the nearest 0.001
g. Gall bladders were removed before weighing.
Splenosomatic and hepatosomatic indices were
calculated as follows: SI = 100-spleen weight/total
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weight, HSI = 100-liver weight/total weight
(Goede and Barton 1990).

For experiment 2, the protocol differed slightly
in that clotting time and hemoglobin were not de-
termined. The blood was taken on 20, 25, and 26
March 1996 with heparinized syringes. Three fish
at a time were captured for blood collection, and
the sampling was distributed so that each density
treatment was sampled each day. Six fish were
sampled per raceway, which produced 18 blood
samples per treatment.

Behavioral Observations

For experiment 2, the behavior of the fish from
each density treatment was observed in either pairs
or five-fish groups. Either two (paired tests) or five
(group tests) fish from one treatment were placed
into an aquarium (60.7 X 38 X 30.2 cm) that was
covered on three sides and had supplemental aer-
ation. After 4 h of acclimation, fish were viewed
by video camera for 60 min (JVC GR-SZ7 Com-
pact Super VHS camcorder). After 30 min of the
trial, the camera was stopped and the fish fed float-
ing pellets. Fish were allowed to eat and settle
down for 3 min before videotaping was resumed
for another 30 min. Length and weight of each fish
were recorded after each trial. In all, there were
27 h of observation (3 replicates X 3 raceways X
3 density treatments) for each group size. To pre-
vent possible resampling, fish were not returned
to the raceways after the trial. During the exper-
iment, water temperature ranged from 14.3 to
15.9°C. Each aquarium was drained and refilled
with fresh water between each observation.

The videotape was observed later and fish be-
havior was categorized into seven behaviors.

Chase.—One fish actively pursues another
(Keenleyside and Yamamoto 1962).

Strike.—One fish aggressively lunges at another
in a short burst of speed, but this burst is not fol-
lowed through with a chase (Abbott and Dill
1985).

Nip.—Aggressive physical contact is made by
the mouth of one fish on the body or fins of another
fish, usually preceded by a strike or chase (Abbott
and Dill 1985).

Yawn.—A fish engages in a frontal threat dis-
play, in which the hyoid region is lowered and
opercles flared (Nilsson and Northcote 1981).

Lateral display.—A fish holds a curved position
with the dorsal fin usually laid flat while the cau-
dal, pelvic, and pectorals are generally extended.
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The convex side of the fish is often positioned
towards the bottom while the concave side is to-
wards another fish. This behavior is similar to the
lateral display observed by Jenkins (1969) and
Chiszar et al. (1975).

Displace.—One fish is moved out of its place
by another with no signs of aggressive behavior
(i.e., one fish swimming too close will cause an-
other to flee, termed ‘‘direct aggressive responses”’
by Jenkins (1969) and Chiszar et al. (1975).

Activity level.—Individual fish generally fell
into one of three categories that described their
overall activity level: stable (averaged less than
one move every 5 min), active (averaged more than
one move every S min but less than five moves
every 1 min), or nervous (averaged more than five
moves every 1 min). A move is counted as a com-
plete 180-degree turn.

Each individual fish was observed for activity lev-
el, and these levels were averaged for the overall
level of the pair or group in the aquarium. Obser-
vations of a specific behavior were counted as a
pair or group behavior, not a single fish behavior.
For example, one aquarium with five fish could
have a total of five strikes, of which all could be
from a single fish or all from different fish.

Statistical Analysis

Raceway mortality data were arcsine-trans-
formed before one-way analysis of variance
(ANOVA). Feed conversion and mean weight were
also analyzed with the same ANOVA model.
Health condition profile (HCP) continuous vari-
ables (e.g., plasma protein, hematocrit, leucocrit,
length, and condition factor) were tested for nor-
mality and rank-transformed if not normally dis-
tributed. These values were then tested in a 3-way
full factorial ANOVA with date, density, and rep-
licate (raceway) as factors. Many variables varied
significantly by date and did not differ between
replicates. These were subsequently analyzed sep-
arately for each sampling date by using one-way
ANOVA with density as a factor. Chi-square anal-
ysis was used for the categorical variables of the
HCP and for the salt challenge test mortality data.
Differences among the two salt challenge trials
were first tested in contingency tables and were
not significant; so data were pooled to analyze den-
sity effects and salt treatment effects. Hematology
data were analyzed in a full-factorial two-way
ANOVA, factoring for density and raceway ef-
fects. Clotting time, neutrophil, and other white
blood cell counts were normalized with a log,
transformation before analysis, and a constant was
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TaBLE 2.—Final mean weight (£SD), feed conversion
(weight of food fed/weight gain), mortality, and specific
growth rate of cutthroat trout reared at four (experiment
1) or three (experiment 2) densities. See Table 1 for de-
scription of densities. For each experiment, means within
a column followed by the same letter or no letter are not
significantly different (P > 0.05).

Specific
Mean growth
weight Feed Mortality rate
Density (2) conversion (%) (%/d)
Experiment 1
D1 83.4 + 8.60 0.93 2.6 1.99
D2 80.3 * 0.40 0.92 2.9 1.97
D3 76.2 = 9.93 0.98 3.1 1.95
D4 65.8 = 5.78 1.05 32 1.88
Experiment 2
D1 728 + 471 z 0.94 2.7 1.57 z
D2 68.3 = 3332 0.94 3.1 1.55z
D3 553 £ 4.17y 1.00 4.0 147y

added if necessary. Thrombocyte counts were nor-
malized with an arcsine transformation. Specific
growth rates (SGR) were calculated by the for-
mula:

SGR = (log, Wy — log, W) X 100/D,
where Wy is the final average weight of fish in a
raceway, W; is the initial weight, and D is the
number of days of rearing. A significance level of
0.05 was used for each test.

Results
Experiment 1

Feed conversion, mean weight, and mortality
did not significantly differ among the four densi-
ties (Table 2). Feed conversion was at or below
1.05 for all groups, indicating an efficient con-
version of food to fish mass at all densities. Mor-
talities were relatively low (<3.2%) for all groups.
Mean weight decreased with increasing density,
but not significantly.

Many of the HCP variables did not vary among
densities or dates. Kidney, bile, liver, spleen, gills,
hindgut, leucocrit, and opercles were indicative of
normal, healthy fish. With the exception of two
fish, eyes were also normal. The percentage of
normal pseudobranchs ranged from 85 to 100%,
the mean thymus index ranged from 0.0 to 0.6,
and the mean fat index from 2.2 to 2.6. None of
the three variables differed among densities or
sampling dates.

There were some HCP variables that differed
significantly. Plasma protein was significantly
higher at intermediate densities (D2, D3) than at
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TABLE 3.—Mean values for select health and condition profile variables from cutthroat trout held at four densities.
Within a column, means within a sampling date followed by the same letter or no letters are not significantly different
(P > 0.05). See Table 1 for description of densities in experiment 1.

Total length Condition Hematocrit Leucocrit Plasma protein
Density (mm) factor 2 (%) (%) (g/dL) Fin index Fat index

Experiment 1: day 119

D1 129.5 z 0910 z 41.4 1.0 4.07 z 0.2z 2.5

D2 1327z 0.910 z 414 1.4 461y 0.6 zy 2.4

D3 1198 y 0.870 y 413 1.4 433 zy 0.3 zy 23

D4 125.3 zy 0.920 z 41.5 1.2 422z 08y 23
Experiment 1: day 150

D1 155.8 0.880 z 432 1.1 4.27 0.4 2.6

D2 143.5 0.910 zy 439 1.2 3.98 0.5 2.2

D3 144.7 0.910 zy 426 1.0 4.18 0.7 23

D4 1443 0930 y 40.4 1.1 4.27 0.8 23
Experiment 1: day 210

D1 2054 z 0.890 48.6 z 1.0 398 z 0.6z 2.4

D2 196.3 zy 0.910 519y L1 462y 12y 2.4

D3 194.7 zy 0910 552 x 1.0 5.28 x 13y 2.6

D4 189.1 y 0.880 436 w 1.2 392z 1.1y 2.5

a Condition factor = 105 X (weight, g)/(length, mm)3.

low or high densities on day 119 and day 210, but
not on day 150 (Table 3). Hematocrit was signif-
icantly higher at the intermediate densities in the
last sample, but did not differ among densities in
the other two samples. Both hematocrit and plasma
protein differed significantly among dates. Mean
total length and condition factor were significantly
lower at D3 than the two lower densities in the
first sample. However by the third sample, mean
length of D3 fish did not differ from D1 and D2
fish. After 210 d of rearing, mean length tended
to decrease as density increased, and D1 fish and
D4 fish were significantly different in size (Table
3). Condition factor tended to be positively cor-
related with density in the second sample, but after
210 d condition factor was greatest at intermediate
densities (D2, D3; Table 3), but the differences
were not significant.

Mean comparisons (Duncan’s test) of fin index
values analyzed in a 3-way ANOVA model indi-
cated that the fin index increased with density and
that values were significantly lower at the lowest
density (D1) than at higher densities, which did
not differ from each other (Table 3). Relative fin
length data were analyzed separately for each sam-
pling date. There were some significant differences
in relative fin length related to density, but the
differences were variable over the experimental
period (Figure 1). In the initial sample, dorsal,
adipose, and anal fin lengths were greatest at the
higher densities. After 119 d of outdoor rearing,
the dorsal and ventral fins of fish from the D3

density were significantly longer than fins at the
lowest two densities. This difference was tran-
sitory, and by day 150, there were no significant
differences among densities, except for the adi-
pose and right pectoral fins. The adipose was lon-
ger for the highest density fish, but the right pec-
toral fin was significantly shorter at the highest
density, D4, than at the lowest density. At the end
of the rearing period, the lowest density produced
fish with significantly longer right pectoral fins
than the other three densities. Final right ventral
fin length was shortest at the highest density. Fi-
nal anal fin lengths were greatest at the D2 and
D4 densities.

When pooled across densities in a three-way
ANOVA model, a few HCP variables differed sig-
nificantly among dates. Bile was significantly
higher on day 119 (0.61) than day 150 (0.30) or
210 (0.35), but values were generally indicative
of active feeding. Fin index values were signifi-
cantly higher in the last sample (1.08) than in the
previous samples (0.50 to 0.62). Plasma protein
values were also significantly higher in the last
sample (4.42 g/dL) than in previous samples
(4.18, 4.30 g/dL). Mean hematocrit increased sig-
nificantly over time, with each sampling period
differing from the other.

The salt challenge resulted in significant differ-
ences in survival from freshwater controls (Table
4). Fish from the highest density (D4) and inter-
mediate density (D2) exposed to salt had signifi-
cantly higher mortality than control fish.
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FIGURE 1.—Comparison of relative fin length (percent of total length) of cutthroat trout held at four densities
(D1, D2, D3, and D4) in experiment | and sampled on four occasions. Numbers in upper right corners refer to
days of outdoor rearing. Fin abbreviations are D = dorsal, C = caudal, AD = adipose, A = anal, RP = right
pectoral, LP = left pectoral, RV = right ventral, and LV = left ventral. For each fin, bars with a common letter
or no letters above them are not significantly different (P > 0.05).

None of the hematological variables analyzed did not differ among densities. Lymphocyte and
differed significantly among densities (Table 5). thrombocyte cells were sometimes difficult to dis-
Red blood cell counts ranged from 65.4 X 104 (D4) tinguish and some of the variation in the counts
to 112.5 X 104/mm3 (D1). The HSI and SI indices may be attributed to this problem.
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TABLE 4.—Survival of cutthroat trout reared at four
densities and transferred to 15 g/L (experiment 1) or 18
g/L (experiment 2) salt solution for 24 h. Control fish were
held in freshwater at the same temperature and fish den-
sity. An asterisk indicates survival that differed signifi-
cantly from that of control fish.

Density Number surviving Percent survival
Experiment 1
D1 2 33
D2 1 17*
D3 3 50
D4 0 0*
Control 5 83
Experiment 2
D1 57 98.3
D2 60 100.0
D3 51 89.5*
Control 179 99.4

Experiment 2

There were no significant differences in mor-
tality (range, 2.7-4.0%) or feed conversion (0.94—
1.00) among the three densities tested. Final mean
weight decreased at higher densities and was sig-
nificantly lower in the highest density (55.3 g, Ta-
ble 2) than in the lower two densities (68.3 g for
D2 and 72.8 g for D1). Specific growth rates de-
creased with density and mean values ranged from
1.57 for D1 to 1.47 for D3. When densities were
pooled, specific growth rates were significantly
lower (r-test, P < 0.001) in experiment 2 than in
experiment 1.

The fin index was significantly different among
densities in a one-way ANOVA for each sampling
date (Table 6). In the first three samples, fin index
values were significantly higher (shorter fins) at
the highest density than the other two densities,
which were not significantly different. In the last
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sample (day 289), fin index values were signifi-
cantly different among all three densities and were
positively correlated with density.

Relative fin lengths were significantly affected
by sampling date for all fins. Density affected the
relative length of the ventral, pectoral, and dorsal
fins (Figure 2). Ventral fins did not differ among
densities in the first three samples, but in the last
sample, they were significantly shorter for fish in
D1 than in D2. The left and right pectoral fins were
significantly shorter in the highest densities in all
four samples, with fin condition improving (i.e.,
longer fins) as the fish density decreased. Relative
dorsal fin length differed among densities only in
the second sample in which fish from D3 had lon-
ger fins than fish from D1 or D2. Relative caudal
and anal fin lengths did not differ among densities
when analyzed separately for each sampling time.

Some HCP variables differed among density
treatments. Fat index values were significantly and
consistently lower at the highest density in the first
three samples but not the last (Table 6). Condition
factor differed significantly among densities, but
the relationship changed as the experiment pro-
gressed. In the first and second samples, the con-
dition factor was negatively correlated with den-
sity. In the third sample (day 202), the relationship
reversed and condition factor was positively cor-
related with density. In the last sample, there were
no significant differences in condition factor
among the densities.

There were no significant differences in the co-
efficient of variation (CV = 100-SD/mean; one-
way ANOVA by sampling date) for total weight
among densities with the CV for 10 fish from each
raceway sampled for the HCP. For these groups,
CV values ranged from 15% (day 79) to 62.2%

TABLE 5.—Means (*£SD) of hematological variables (N = 6) of cutthroat trout after 146 d of rearing at four densities.
The lymphocyte, neutrophil, thrombocyte, and other white blood cell (WBC) counts are expressed as a percent of WBC;
RBC = red blood cell; splenosomatic index = 100-spleen weight/total body weight; hepatosomatic index = 100:-liver
weight/total body weight. Densities (D1-4) are the final densities for experiment 1 in Table 1.

Density
Variable D1 D2 D3 D4

Clotting time (s) 228 * 27.8 459 * 93.6 290 * 42.7 287 * 36.0
Hemoglobin (g/dL) 8.84 + 0.50 7.90 + 0.44 7.85 + 0.33 7.63 * 0.64
RBC count (per mm3 X 10-4) 112.5 *+ 6.68 71.8 + 18.20 81.2 £ 6.13 654 + 233
WBC count (per mm?) 60,833 * 6,679 55,500 = 18,220 68,300 = 4,981 45,600 = 19,911
Lymphocytes 580 x 44 53.7 £33 545 = 2.7 53.1 £ 6.8
Neutrophils 1.50 * 0.79 0.70 + 0.25 1.00 = 0.22 1.00 = 0.29
Thrombocytes 399 + 4.02 44.8 + 3.49 43.2 * 231 453 + 6.83
Other WBC 0.50 = 0.16 0.80 = 0.30 1.33 = 0.40 0.50 * 0.18
Splenosomatic index 0.043 + 0.002 0.049 = 0.007 0.035 = 0.006 0.045 + 0.003
Hepatosomatic index 0.87 = 0.04 0.95 = 0.04 0.94 = 0.05 0.90 * 0.08




EFFECTS OF REARING DENSITY ON CUTTHROAT TROUT

181

TABLE 6.—Mean values for select health and condition profile variables from cutthroat trout held at three densities
(low, D1; medium, D2; high, D3; see Table 1) in experiment 2. Within a column, means within a sampling date followed
by the same letter or no letter are not significantly different (P > 0.05).

Plasma
Total length Hematocrit Leucocrit protein
Density (mm) Condition factor 2 (%) (%) (g/dL) Fin index Fat index
Experiment 2: day 79
D1 93.1 0940 y 45.8 0.0 4.37 02z 28z
D2 91.9 0.900 z 46.1 0.1 4.31 04z 2.1y
D3 85.0 0.900 z 43.8 0.1 4.31 13y 1.7 x
Experiment 2: day 141
D1 1229 0.830 y 41.7 0.6 3.08 09z 24z
D2 118.8 0.850 y 40.4 0.6 3.31 0.9 z 2.1 zy
D3 104.5 0.810 z 40.5 0.3 3.06 16y 18y
Experiment 2: day 202
D1 158.0 0.860 z 40.7 0.5 332 1.0z 21z
D2 156.9 0.860 zy 39.3 0.6 3.36 09z 26y
D3 141.1 0.880 y 38.6 0.5 3.38 16y 20z
Experiment 2: day 289
D1 205.1 0.790 416y 1.0 3.03 1.1z 2.7
D2 190.3 0.800 399 z 0.9 3.20 1.5y 2.5
D3 182.2 0.810 429y 0.9 3.36 19 x 2.7

a Condition factor = (weight in g)/(length in mm)? X 105.

(day 202). Larger sample sizes would have pro-
vided a more accurate account of size variation
than presented here, but size variation did not seem
to be a problem at the densities studied.

Leucocrit and plasma protein were influenced
by sampling date, but not by density. Leucocrit
increased over time. Plasma protein was signifi-
cantly higher in the first sample than the other
three. Of the latter three dates, plasma protein for
the second sample was significantly lower than for
the third sample. Hematocrit differed among den-
sities only in the last sample (P = 0.050), in which
fish from D2 had significantly lower hematocrit
than those from D1 and D3.

Health and condition profile variables such as
the eye, gill, liver, bile, kidney, spleen were gen-
erally normal across all densities. Among the four
samples, only 3 of 360 fish had eye abnormalities
(two with unilateral exophthalmia), and no sig-
nificant differences were observed among densi-
ties. Shortened opercles were observed in two fish
from D2 in the last sample, but there were no
differences among densities. A small percentage
of pseudobranchs were swollen (7-17%) in each
sample, but this was unrelated to the density treat-
ments. Thymus index values similarly did not dif-
fer among densities, but did differ among sampling
dates.

Salt challenge test survival among salt water
treatments was significantly lower (P = 0.006) in
the high density treatment (89.5%; chi-square test)

than in D1 (98.3%) or D2 (100%). A comparison
of survival between salt water and freshwater for
each density treatment with Fisher’s exact test re-
sulted in significantly lower survival in salt water
only in the high density treatment (P = 0.012;
Table 4). Plasma chloride taken after the 24-h chal-
lenge test did not differ among density treatments
for fish exposed to freshwater (controls; range
125.5-129.3 megq/L), but was significantly higher
in fish from D3 (155.0 meq/L) than in D1 (132.6)
or D2 (134.3 meq/L) in salt water.

Hematological variables measured on day 251
and analyzed with two-way ANOVA generally did
not differ among densities. Exceptions included
the splenosomatic index, which was significantly
higher at D3 than at D1 (Table 7). Red blood cell
counts were significantly higher at D1 than D3.
Replicate effects were significant for white blood
cell counts (higher counts in later replicates), but
density did not significantly affect this variable.

Behavior variables from the five-fish groups
were not influenced by replicate or feeding time
effects (three-way ANOVA of rank-transformed
data). Density had significant effects upon activity
and lateral display in the five-fish groups (Table
8). Lateral display frequency was significantly
higher (P = 0.038) in fish from D1 than D2, but
did not differ from D3. Strike frequency differ-
ences among densities were nearly significant (P
= 0.062), with lowest values for fish from D2, and
highest for fish from D3. '
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Relative Fin Length (%)

Fin type

FiGure 2.—Comparison of relative fin length (percent of total length) of cutthroat trout held at three densities
(D1, D2, and D3) in experiment 2 and sampled on four occasions. Number in upper right corners refers to days
of outdoor rearing. For fin abbreviations, see Figure 1. For each fin, bars with a common letter or no letters above
them are not significantly different (P > 0.05).

In paired-fish trials, density significantly influ- for D2 and lowest for D1. Feeding time had no
enced activity, but not the other behaviors (Table influence upon any behavior except yawning. Rep-
8). Activity frequencies were highest in D3 and licate effects were significant for lateral display
lowest in D2. Displacement frequency was greatest  (replicate 1 > 2, P = 0.033).
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TABLE 7.—Means (*+SD) of hematological variables (N = 15-18) of cutthroat trout after 251 d of rearing at three
densities (low, D1; medium, D2; high, D3; see experiment 2 in Table 1). The lymphocyte, neutrophil, thrombocyte, and

other white blood cell (WBC) counts are expressed as percent of WBC; RBC =

red blood cell. Splenosomatic and

hepatosomatic indices are defined in Table 5. Values for each variable followed by a common letter or no letter are not

significantly different (P > 0.05).

Density
Variable D1 D2 D3

Red blood cell count (per mm3 X 10-%) 152.1 + 252z 1433 + 184 zy 1249 + 36.1 y
WBC count (per mm?) 59,235 + 17,352 61,028 *+ 13,153 58,147 * 11,126
Lymphocytes 742 £ 10.6 70.7 = 12.7 68.7 = 11.7
Neutrophils 1.2 =16 08 13 0.8 = 0.9
Thrombocytes 235+ 11.0 274 *+ 132 29.2 = 124
Other WBC 1.1 13 1.1 = 1.1 13+19
Splenosomatic index 0.043 = 001 z 0.048 * 0.01 zy 0.054 = 0.01 y
Hepatosomatic index 0.775 = 0.09 0.801 = 0.09 0.772 = 0.07

Discussion
Hatchery Performance

In this study, high densities negatively affected
growth. The negative effect of high densities upon
growth of salmonids has been noted by a number
of authors (Refstie and Kittelsen 1976; Trzebia-
towski et al. 1981; Poston 1983; Martin and Werth-
eimer 1989). However, Bonham and Williams
(1948) and Kebus et al. (1992) reported no sig-
nificant effect upon growth at lower densities.
Kindschi and Koby (1994) evaluated Snake River

cutthroat trout performance at densities ranging
from 55 to 247 kg/m3 and did not observe effects
on growth and mortality until the DI exceeded 2.1.
In experiment 2, growth was significantly reduced
at the highest density (1,634 fish/m3, DI = 0.75).
Also, mean length was significantly reduced in ex-
periment 1. Growth was reduced in experiment 2
relative to growth in the first test. Primary differ-
ences in the approach between the two experiments
were the number of days fed per week (7 d versus
5 d) and the crowding approach (crowding month-

TaBLE 8.—Means (N = 18), SEs, and median frequencies for 30-min period (prefeed or postfeed, data pooled) for
certain behaviors of cutthroat trout originating from three different rearing densities (low, D1; medium, D2; high, D3)
and observed in either five-fish groups or pairs. Means within a behavior type with a common letter or no letters are

not significantly different (P > 0.05).

Five-fish group

Paired group

Behavior

and density Mean SE Median Mean SE Median
Activity

D1 1.50 z 0.10 1.60 1.61 z 0.10 1.50

D2 1.79 zy 0.13 1.80 1.50 z 0.09 1.50

D3 203y 0.09 2.00 209y 0.09 2.00
Chase

D1 0.06 0.06 0.06 0.03 0.17 0.00

D2 0.06 0.06 0.00 0.17 0.12 0.00

D3 0.67 0.67 0.00 0.41 0.17 0.00
Displace

D1 3.67 1.07 2.00 0.28 0.14 0.00

D2 3.22 1.36 1.50 1.22 0.37 1.00

D3 3.56 0.87 2.00 0.53 0.26 0.00
Lateral display

D1 339y 1.10 1.50 0.94 0.57 0.00

D2 0.56 z 0.34 0.00 322 1.63 0.00

D3 1.83 zy 0.83 0.00 2.58 1.23 0.00
Strike

D1 0.17 0.17 0.00 0.00 0.00 0.00

D2 0.00 0.00 0.00 0.06 0.06 0.00

D3 0.56 0.39 0.00 0.00 0.00 0.00
Yawn

D1 6.61 1.07 6.50 8.39 1.00 7.50

D2 6.61 1.48 6.00 11.39 1.37 9.50

D3 8.44 1.30 8.50 9.88 1.42 9.00
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ly versus allowing the fish to grow into the final
density). Because there was no replication of the
two approaches to maintaining densities, no defin-
itive statements can be made. However, these pre-
liminary results indicated that the approach used
in experiment 1 may produce larger and healthier
fish without compromising feed conversion.

Feed conversions were efficient (<1.05), mor-
tality was low (<4%), and both variables were
unaffected across the range of densities tested in
both experiments. Kindschi and Koby (1994) re-
ported similar feed conversion values (1.07, 1.08)
for Snake River cutthroat trout for density indices
of 0.48 or 1.40; but at a density index of 2.30,
feed conversion was significantly less efficient and
mortality significantly higher. A similar increase
in feed conversion rates has been reported for rain-
bow trout across densities ranging from 150 to 900
fish/m> (Trzebiatowski et al. 1981). Bonham and
Williams (1948) found no difference in feed con-
version and growth of fingerling cutthroat trout
between fish in aquaria at densities of either 92 or
927 fish/m>3 (DI = 0.015 or 0.15). The above data
suggests that feed conversion for cutthroat trout at
a density index above 1.4 will likely be negatively
affected and mortality will be affected at higher
densities (DI approaching 2.3).

General Health and Condition

Condition factor differed significantly among
densities in both experiments, but differences were
inconsistent over the culture period and between
the tests. For example, condition factor in the sec-
ond experiment was negatively correlated with
density during early rearing, but later changed to
a positive correlation, and finally changed to no
relationship with density at all. Fish from exper-
iment 1 had better condition factors at intermediate
densities at the end of the rearing period. At high
densities, a decrease in the condition factor of coho
salmon Oncorhynchus kisutch (Fagerlund et al.
1981) and Atlantic salmon Salmo salar (Refstie
and Kittelsen 1976) has been reported. Other au-
thors report no significant differences among den-
sities in condition factor for rainbow trout (Kil-
ambi et al. 1977; Kebus et al. 1992) or lake trout
Salvelinus namaycush (Poston 1983; Soderberg et
al. 1987).

Examination of mesenteric fat indicated no den-
sity effects when the fish were allowed to grow
into the maximum density, but results from the
experiment with monthly density adjustment in-
dicated that crowding fish into a density index of
0.75 (1,634 fish/m3) significantly reduced mes-
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enteric fat levels. Fagerlund et al. (1981) also not-
ed reductions in fat levels of coho salmon at higher
densities (>751 fish/m? or 10.5 kg/m3). Brook
trout Salvelinus fontinalis reared at 120 kg/m3 had
reduced liver glycogen, plasma glucose, and thy-
roxine levels compared with controls at 30 kg/m3
(Vijayan et al. 1990). Reductions in energy stores
may compromise survival or reproduction (Mar-
kevich 1977; Storebakken and Austreng 1987;
Rowe et al. 1991).

The effects of density upon the hepatosomatic
index (HSI) and the splenosomatic index (SI) were
measured in this study. A decrease in HSI has been
associated with pulp mill pollution that also in-
duced higher incidences of lesions and parasitic
infections, as well as reduced lymphocyte counts
and condition factor (Barker et al. 1994). Similar
decreases in HSI have been observed for lake
whitefish Coregonus clupeaformis below a hydro-
electric dam control structure (Barnes et al. 1984).
To use somatic indices for biomonitoring, it is im-
portant to determine how the indices vary tem-
porally and environmentally and to evaluate fac-
tors such as temperature and photoperiod. In-
creased feeding rates and decreasing temperatures
have been shown to increase the HSI (Heidinger
and Crawford 1977). Seasonal HSI variations in
brook trout have been observed in wild lacustrine
populations (Larson 1973). Some of this variation
is probably a result of energy being transferred to
gonads during gametogenesis (Larson 1973). High
densities reduced HSI in brook trout (Vijayan et
al. 1990), although an earlier study indicated no
significant differences in HSI, liver glycogen con-
tent, or SI as densities varied from 30 to 120 kg/m3
(Vijayan and Leatherland 1988). In this study,
rearing density did not influence either the HSI or
SI of cutthroat trout in experiment 1, but in ex-
periment 2, the SI was significantly higher in the
highest density treatment than the lowest.

Certain hematological variables were influenced
by density, although results were inconsistent over
time and across experiments. Hematocrit and plas-
ma protein differed significantly among densities
in some samples, but levels were within normal
ranges reported for other salmonids (Snieszko
1961; Barnhart 1969) and did not follow any ob-
vious trends related to density. Mazur and Iwama
(1993) observed significant increases in hemato-
crit and plasma cortisol of chinook salmon On-
corhynchus tshawytscha at densities of 32 or 64
kg/m3 compared with a 8 kg/m3 (about 2,050 fish/
m3). These fish were sampled 5 d after stocking,
whereas the fish in this study were sampled late
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in the rearing period. Pickering and Pottinger
(1987) observed a reduction in circulating throm-
bocytes and lymphocytes in age-I brown trout Sal-
mo trutta and rainbow trout as density increased
from 18 to 123 kg/m3 (61 to 444 fish/m3), but
erythrocyte and neutrophil numbers were unaf-
fected. In this study the differential blood cell
counts did not indicate any negative density effects
on immune function, although further tests on non-
specific immunity impairment should be conduct-
ed to fully evaluate effects of density upon the
immune system.

Salt challenge test results indicated that fish
from high-density treatments were compromised
in their ability to withstand osmoregulatory chal-
lenges. Mazur and Iwama (1993) similarly noted
that Chinook salmon from the highest densities (32
and 64 kg/m3) had fewer days to 50% mortality
(5.5, 3.9 d) than at 8 kg/m3 (9.3 d). In seawater
challenge tests, Banks (1994) noted reduced mor-
tality and blood sodium concentrations in chinook
salmon smolts reared at 585 fish/m3 (15 kg/m3)
than at 1,169 or 1,754 fish/m3. Schreck et al.
(1985) noted similar density effects in seawater
tests with coho salmon. However, Blackburn and
Clarke (1990) noted no difference in seawater
adaptability of coho salmon across three densities.

Fin Erosion and Aggressive Behavior

Pectoral fin erosion in this study increased with
density; the longest fins were from fish from the
lowest density. Measurement of other fins showed
that fin erosion grew worse over time, but density
effects were inconsistent. Because the erosion was
fin specific, density effects on fin erosion were
probably behavioral modifications (e.g., nipping of
pectoral fins) rather than physiological changes
that theoretically would affect all fins. No signif-
icant differences in dorsal and pectoral fin erosion
were reported for lake trout at final densities of
30-245 kg/m3 (DI = 0.25-2.0; Soderberg and Krise
1987). Similar densities also did not result in dif-
ferences in dorsal or pectoral fin erosion for either
rainbow trout (Kindschi et al. 1991b) or cutthroat
trout (Kindschi and Koby 1994). Soderberg et al.
(1993) reported that pectoral fins of Atlantic salm-
on were not significantly affected by rearing den-
sity (80-310 kg/m?) that but dorsal fins were more
eroded at the highest density. Mikinen and Ruo-
honen (1990) noted that fin erosion of rainbow
trout was positively correlated with density and
recommended rearing densities below 50 kg/m3.

Behavioral observations in this study did not
indicate a strong density effect. Activity level was
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higher in fish from high-density groups, but the
frequency of agonistic behaviors did not increase
with density. Density effects upon agonistic be-
havior appear to be dependent upon the species
and actual density (e.g., Kaiser et al. 1995), with
some authors reporting that density increases ag-
gression (convict cichlid Cichlasoma nigrofascia-
tum, Fitzgerald and Keenleyside 1978; guppy Poe-
cilia reticulata, Warren 1973; rainbow trout, Cole
and Noakes 1980) and others reporting the reverse
(Atlantic salmon, Ferno and Holm 1986; Arctic
char, Brown et al. 1992).

Application of the results of this study depend
on the objectives of the fish culturist. If maximum
growth and a reduction in pectoral fin erosion is
desired, the lowest densities tested are recom-
mended because high density significantly reduced
growth and increased pectoral fin damage. Con-
versely, the reduction in growth and possible de-
creases in poststocking survival may be offset by
higher overall numbers or mass of fish produced.
Data collected on aggressive behavior, feed con-
version, most HCP variables, and hematological
variables indicated that the highest densities of this
study had little impact on general health and high
numbers of fish were raised with little mortality.
Raceway cleaning was also easier and less time
consuming at the higher densities.

However, the salt challenge results indicated
that the higher densities can compromise the fish’s
ability to survive in extreme conditions. Fish from
high densities may survive and perform well in
the hatchery or when stocked into ideal conditions
but when seriously challenged may succumb rather
than survive. As experience with chinook salmon
has shown (Ewing and Ewing 1995), more is not
necessarily better. For example, golden shiners No-
temingonus crysoleucas (Schwedler and Plumb
1982) and chinook salmon (Mazur et al. 1993) had
higher levels of viral or bacterial infection at high-
er densities than counterparts at lower densities.
Physiological changes brought about by high den-
sities, such as reductions in Na*, K*, -ATPase ac-
tivity (Sower and Fawcett 1991), cortisol, thyrox-
ine, and glucose (Vijayan and Leatherland 1988),
can affect the immune system and other organ sys-
tems essential for survival. Erosion of pectoral
fins, which aid fish in maneuvering away from
predators, may also affect survival in certain sit-
uations. Therefore, stocking conditions as well as
economics should guide decisions about rearing
densities. Because of variation in these conditions,
poststocking survival of fish reared at high den-
sities should be evaluated for each species and



186

situation to determine the appropriate rearing den-
sity.
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