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Relative Performance of Diploid and Triploid Catchable
Rainbow Trout Stocked in Idaho Lakes and Reservoirs

Martin K. Koenig* and Kevin A. Meyer
Idaho Department of Fish and Game, 1414 East Locust Lane, Nampa, Idaho 83686, USA

Abstract
Idaho Department of Fish and Game hatcheries stock predominantly sterile triploid (3n) rainbow trout On-

corhynchus mykiss to provide sportfishing opportunities while minimizing the genetic risks to wild stocks. Triploid
catchable-sized rainbow trout are stocked in over 500 water bodies across Idaho annually, but there remains some
uncertainty regarding the performance of triploid rainbow trout relative to their diploid (2n) counterparts. We ex-
amined the relative survival, growth, and returns of diploid and triploid all-female catchable rainbow trout across 13
lakes and reservoirs. Most reservoirs showed higher returns of 2n rainbow trout to anglers. In 2008, 3n rainbow trout
returned on average at only 72% and 81% of the rates of 2n trout in gill nets and snout collection boxes, respectively,
and the difference for both methods was statistically significant. Carryover of marked rainbow trout from 2008 was
low or zero in most reservoirs. Where there was carryover, snout collection boxes suggested that 3n rainbow trout
returned to anglers at 71% of the rate of 2n rainbow trout in the second year after planting, but the difference was
not statistically significant. Triploid rainbow trout did not show any growth advantages over 2n rainbow trout but
were similar in length, weight, and dressed weight. The disparity in returns between 2n and 3n trout varied across
reservoirs but was more pronounced in locations subjected to greater drawdown and with greater species diversity.
While 2n rainbow trout may grow and survive better in reservoirs subject to low water levels, triploid rainbow trout
may perform equally well under good habitat conditions while not having genetic impacts on native stocks. These
findings are rather fortuitous for fisheries managers, as triploids probably perform better in higher-quality habitats
where native trout often exist, whereas diploids are better suited to reservoirs with degraded habitats where native
stocks have usually been extirpated.

To meet the demands on recreational trout fisheries, many fish
and game agencies have funded hatchery programs to maintain
fishing quality, often consuming large portions of annual fish-
eries budgets (Hartzler 1988; Johnson et al. 1995). In 1983, rain-
bow trout Oncorhynchus mykiss made up 77% of all catchable-
sized trout stocked in the USA, 50 million being stocked in over
500,000 ha of impoundments (Hartzler 1988). Stocking prac-
tices in the USA have trended towards stocking fewer, larger
individuals that are immediately available to anglers, with catch-
ables now being the most commonly stocked size of rainbow
trout (Halverson 2008). In fact, Halverson (2008) reported that
while rainbow trout made up only 5% of fish stocked in the
USA by numbers, they made up 50% of fish stocked by weight
in 2004. A large portion of the cost and production capacity of
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Idaho Department of Fish and Game (IDFG) resident hatcheries
is associated with producing catchable-sized triploid (3n) rain-
bow trout. In 2008, IDFG hatcheries raised and stocked approx-
imately 2.4 million catchable trout across more than 500 water
bodies, requiring approximately one-half of the annual resident
hatchery system budget (IDFG 2008). Since 2001, IDFG has
established a policy to stock only sterile (i.e., triploid) rainbow
trout in systems where stocked rainbow trout pose a genetic risk
to native trout populations (IDFG 2001). Triploid salmonids,
created by heat or pressure shock, are functionally sterile. In
this respect, 3n trout provide a valuable tool for conservation
while managing for recreational trout fisheries.

In addition to protecting native stocks from genetic intro-
gression, sterile fish could theoretically provide fishery benefits
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606 KOENIG AND MEYER

such as increased growth (Thorgaard 1986; Boulanger 1991;
Teuscher et al. 2003) or longevity (Parkinson and Tsumura 1988;
Johnston et al. 1993; Warrillow et al. 1997). Survival, longevity,
and growth of 3n salmonids in natural environments are in-
consistent relative to diploid (2n) fish (Parkinson and Tsumura
1988; Simon et al. 1993; Brock et al. 1994; Warrillow et al. 1997;
Teuscher et al. 2003) and may be species dependent (Ihssen
et al. 1990). Despite the uncertainty around their performance,
triploid salmonids are still incorporated into hatchery programs
of many western states (Kozfkay et al. 2006).

Relative return to creel—the proportion of stocked marked
fish caught by anglers—is often used to compare the perfor-
mance of diploid and triploid salmonids. Previous IDFG evalu-
ations of sterile salmonids have examined relative survival and
returns of 3n rainbow trout, including catchables in streams
(Dillon et al. 2000), fingerlings in high-desert reservoirs
(Teuscher et al. 2003), and fingerlings in alpine lakes (Koenig
et al. 2011). Dillon et al. (2000) found no difference in return-to-
creel rates of 3n and 2n catchable rainbow trout stocked together
in 18 Idaho streams. Mean time to harvest was not different for
sterile fish, as most trout in the study were caught in less than
30 d. Teuscher et al. (2003) evaluated all-female 3n and 2n fin-
gerling rainbow trout in two productive Idaho reservoirs. Over-
all, the total electrofishing catch of triploids over several years
was higher than for diploids, but 3n trout did not show any ad-
vantage in length or weight over 2n trout. In high alpine lakes,
mixed-sex 2n rainbow trout returned to gill nets at almost twice
the rate as mixed-sex 3n trout 3 and 4 years after stocking
(Koenig et al. 2011). However, catch of the all-female 3n group
was significantly higher than mixed-sex 2n and 3n groups 3 and
4 years after stocking (Koenig et al. 2011). As with other evalu-
ations, no significant differences in length or weight were found

between 2n and 3n test groups. Although these studies evaluated
the performance of 3n salmonids in natural environments, the
low number of studies available, limited scope, and contradic-
tory results do not fully elucidate the performance of 3n hatchery
trout, specifically in the context of put-and-take fisheries.

Despite the high costs associated with stocking catchable-
sized trout, poststocking evaluations to assess the performance
of catchables are rare, despite the large number of water bod-
ies and rainbow trout stocked each year (Hartzler 1988; IDFG
2008). Given the limited research on 3n rainbow trout perfor-
mance in natural settings and the contradictory results even
among Idaho waters, there remains considerable uncertainty as
to whether stocking 3n rainbow trout produces satisfactory fish-
eries in Idaho waters. Additional research on the performance
of 3n catchable rainbow trout would allow fisheries managers
to adjust stocking strategies and evaluate the utility of stocking
sterile trout within their jurisdiction. Such research could also
identify opportunities to increase hatchery efficiency by exam-
ining returns on different hatchery products. The objective of
this study was to compare growth, relative survival, and rela-
tive return to creel of catchable-sized 2n and 3n rainbow trout
stocked in lakes and reservoirs in Idaho.

STUDY SITE
We chose 13 lakes and reservoirs across Idaho representing

the range of sizes, habitats, and elevations of those typically
stocked with catchable rainbow trout by IDFG (Table 1). Study
lakes were selected from those having a history of catchable
rainbow trout stocking and were scheduled to receive plants
in 2008 from Hagerman State Hatchery. Stocked lakes had an
average elevation of 1,388 m, ranging from 547 to 1,922 m.

TABLE 1. Location, surface area, stocking date, size at stocking, and quantities of marked trout planted during 2008 in 13 Idaho lakes and reservoirs to assess
the relative performance of diploid (2n) and triploid (3n) catchable-sized rainbow trout.

Water body
Size
(ha)

Elevation
(m) Stocking date Total 2n

2n
weight

(fish/kg)

2n
length
(mm) Total 3n

3n
weight

(fish/kg)

3n
length
(mm)

Devil’s Creek Reservoir 35 1,571 Apr 29, 2008 5,405 1.04 257 5,355 0.95 265
Horsethief Reservoir 101 1,541 May 14–Jun 4, 2008 15,126 1.03 258 15,593 1.02 259
Island Park Reservoir 2,947 1,922 Jun 2–3, 2008 16,800 1.07 332 17,465 1.11 255
Little Camas Reservoir 391 1,502 Apr 30, 2008 3,776 1.07 255 3,885 1.01 260
Lost Valley Reservoir 211 1,454 May 29, 2008 7,590 1.04 257 7,557 1.04 257
Mann Lake 55 547 May 1, 2008 5,063 1.12 251 5,040 1.09 253
Oakley Reservoir 407 1,435 Apr 7, 2008 4,995 1.22 244 4,950 1.25 242
Paddock Reservoir 482 979 Apr 1, 2008 4,988 1.29 239 4,930 1.32 238
Roseworth Reservoir 393 1,594 Apr 8, 2008 4,995 1.22 244 4,950 1.25 242
Soldier’s Meadow
Reservoir

45 1,388 May 20, 2008 4,700 1.07 255 4,540 1.03 258

Stone Reservoir 50 1,402 Apr 28, 2008 5,040 1.09 253 5,040 1.27 241
Thorn Creek Reservoir 45 1,679 May 16, 2008 2,520 1.09 253 2,573 1.11 252
Waha Reservoir 38 1,034 May 20, 2008 3,525 1.07 255 3,405 1.03 258
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TRIPLOID CATCHABLE PERFORMANCE IN IDAHO LAKES 607

Most lakes had a surface area between 35 and 482 ha, except for
Island Park Reservoir (2,947 ha). Other than Horsethief Reser-
voir (which remains near full pool for most of the year), these
reservoirs are used for irrigation purposes and are subject to
drawdown, which can be substantial in some years. Species
composition varied between reservoirs and ranged from simple
trout-only lakes (Horsethief Reservoir) to more-complex, mixed
fisheries containing rainbow trout, white crappie Pomoxis an-
nularis, largemouth bass Micropterus salmoides, and channel
catfish Ictalurus punctatus (Mann Lake). All study lakes were
managed under the year-round “general” trout harvest regula-
tion of 6 fish/d with no length restrictions.

METHODS
All-female 2n and 3n rainbow trout eggs were obtained from

Troutlodge, Inc. (Sumner, Washington) and reared to “catch-
able” size at Hagerman State Hatchery until the time of stock-
ing. This stock of rainbow trout is commonly raised and stocked
by IDFG hatcheries. Using all-female trout eliminated the con-
founding effect that sex may have on the comparative perfor-
mance of diploids and triploids. According to their technical lit-
erature, Troutlodge, Inc. reports typical triploid induction rates
of greater than 95%, most egg lots showing 100% triploidy
(Troutlodge 2011). Even though small numbers of diploid fish
are not likely to be detected by small-scale testing (Devlin et al.
2010), we wanted to confirm the ploidy level of test groups
prior to stocking using blood samples and flow cytometry. Con-
fidence intervals (CIs) around the proportion triploid/diploid
were calculated according to Fleiss et al. (2003). The 3n induc-
tion rate (with 95% confidence bounds) was estimated at 100%
(91–100%, n = 49), while results from the 2n group indicated
100% diploid (91–100%, n = 50).

Marking and stocking.—Diploid and triploid groups were
marked in identical fashion with both adipose fin clips and
coded wire tags (CWTs). Adipose fin clips were used to dis-
tinguish experimental fish from other rainbow trout when col-
lected in the field, while wire tag codes identified ploidy
level. A total of 110,485 2n and 109,885 3n rainbow trout
were tagged in fall 2007. Most trout (65%) were tagged us-
ing the Northwest Marine Technologies (NMT) AutoFish sys-
tem in a mobile tagging trailer, while the remainder was hand-
tagged using scissors and Mark IV Automatic Tag Injectors
(NMT). At the time of tagging, the 3n and 2n groups were
92 mm (n = 110,113, coefficient of variation, the ratio of
the SD to the mean [CV] = 13.7) and 102 mm (n = 75,260,
CV = 14.7) in total length, respectively. Average tag retention
was monitored by examining pooled incidental mortalities
weekly over the hatchery rearing phase and was not estimated
separately for 2n and 3n groups. Collected mortalities were ex-
amined for CWTs using a V-Detector (NMT) antenna. Tags were
dissected with the aid of the V-Detector and tag codes read using
a compound microscope. Confidence intervals around the pro-
portion marked were calculated according to methods of Fleiss

et al. (2003). Tag retention across the 30 weeks in-hatchery after
tagging was 95 ± 1% (95% CI about the mean; n = 1,181).

Marked trout were stocked between April 1 and June 3, 2008,
depending on water conditions and access availability. The total
numbers of marked trout planted varied among study locations,
but each reservoir received approximately equal numbers of 2n
and 3n test fish (Table 1). At stocking, the mean length of 2n and
3n marked fish was 251 and 252 mm, respectively, averaging
252 mm overall (Table 1). A total of 84,523 2n and 85,283
3n catchable-sized rainbow trout were planted across the 13
locations as part of the normal stocking requests.

Sample collection.—Rainbow trout were sampled using
floating monofilament experimental gill nets measuring 48 m
long × 1.8 m deep. Nets were composed of six panels consist-
ing of 19-, 25-, 32-, 38-, 51-, and 64-mm-bar mesh, placed in
random order when manufactured. Gill nets were set at sun-
set and fished overnight for a minimum of 8 h. During each
sampling event, 5–15 gill nets were fished at each reservoir
from one to three nights, depending on catch rates. Gill nets
were set in a variety of locations to include both pelagic and
littoral zones, but locations were not standardized across reser-
voirs. Sampling typically yielded enough marked fish so that
most reservoirs were only sampled on one occasion during each
sampling season. Most sites were first sampled during Septem-
ber and October 2008. However, due to low water conditions,
some locations were sampled earlier. Paddock Valley Reservoir
was subjected to early drawdown and therefore sampled in July
2008. Little Camas Reservoir and Thorn Creek Reservoir were
also drawn low and were sampled from August 19–21, 2008.
Reservoirs were also sampled in spring (April–May) 2009, and
again in fall (September–October) 2009. Some reservoirs were
not sampled on multiple occasions after low initial catches of
marked fish. All adipose-clipped rainbow trout were measured
(total length) to the nearest millimeter and weighed to the near-
est gram. Dressed weight was collected on a subsample of the
marked rainbow by removing entrails, gonads, and gills, but
leaving the pectoral fins and kidney intact. Snouts of marked
fish were then removed and frozen for tag recovery later. Coded
wire tags were removed from snouts by manual dissection us-
ing a V-Detector antenna (NMT) and read using a compound
microscope.

In addition to gill netting, in 2008 and 2009 we collected tags
from fish caught by anglers. Snouts of adipose-clipped rainbow
trout were collected passively using “snout collection boxes”
installed at boat ramps and other access locations such as docks
and intersections of access roads around study locations. Snout
boxes and the associated signs were installed on or before the
day of stocking. Signs described the goals of the research pro-
gram and invited anglers to participate in the study by depositing
snouts of adipose-clipped rainbow trout that they planned to har-
vest. Boxes were filled part way with a mixture of rock salt and
borax (to act as a desiccant and preservative) and were checked
from weekly to monthly, depending on anticipated fishing pres-
sure and crew availability. Recovered snouts were stored frozen
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608 KOENIG AND MEYER

until tags could be dissected. Snout boxes were dismantled in
the fall during September and October, towards the end of the
typical fishing season.

Data analysis.—Mean length, weight, and dressed weight
between 2n and 3n marked trout were examined by sampling
occasion (fall 2008, spring 2009, or fall 2009) using mixed-
model two-way analysis of variance (ANOVA) with repeated
measures (PROC MIXED, SAS 2004). Ploidy level and sam-
pling occasion were treated as fixed effects, while lakes were
treated as a random effect. Lakes were sampled repeatedly in
sequential events, so the analysis used an autoregressive covari-
ance structure, which showed improved results to those using
compound symmetry (according to model Akaike information
criterion scores). The analysis was weighted by the total num-
ber of marked fish caught at each lake and performed using a
significance level of α = 0.05.

The total catches of 2n and 3n marked trout were com-
pared for each sampling period using a nonparametric Wilcoxon
paired-sample test (T) with α = 0.05. Differences of zero were
ignored in the analysis (Zar 1999), which reduced sample size in
some cases. We performed separate analyses for gill net (by sam-
pling event) and angler-caught data (by fishing season). Since
we were only interested in comparing relative returns for 2n and
3n trout, we did not correct for nonresponse bias in the number
of tags returned.

The relationships between the relative catch of 3n marked
trout and other biological and habitat variables were examined
by means of correlation analysis. Variables were generally not
normally distributed and did not meet the assumptions neces-
sary for ordinary least-squares regression analysis. Because of

this and the relatively small sample size (n = 28), we used
nonparametric Spearman rank correlation coefficients to test
single-variable relationships between several variables and the
proportion of marked trout caught that were triploid (H0: ρ =
0). Each sampling occasion was used as one observation in the
data set. Variables included the reservoir volume (percent full)
in fall 2008, total species count sampled with gill nets, and the
catch per unit effort (CPUE, total fish/h netting) of all nontrout
bycatch. Correlations were calculated using a significance level
of α = 0.05. Confidence intervals were calculated around mean
length, weight, dressed weight, and catch per unit effort.

RESULTS
Sampling in 2008 yielded a combined total 2,270 rainbow

trout across all reservoirs. Of these rainbow trout captured, 1,212
(53%) were marked with adipose fin clips. During the first sea-
son fish were planted, 2n trout on average were captured by gill
nets at a higher rate than 3n trout (T0.05(2), 12 = 10, P = 0.028).
Gill-net CPUE for 2n and 3n trout in fall 2008 was 0.43 ± 0.24
and 0.31 ± 0.18 fish/h, respectively. Six hundred thirty-five to-
tal 2n and 456 total 3n marked rainbow trout were sampled,
indicating that on average 3n rainbow trout returned to gill nets
at 72% of 2n rainbow trout, 2n rainbow trout being caught in
higher numbers in 9 of 13 reservoirs (Table 2).

The snout recovery boxes yielded results similar to those
of the gill-net surveys. Of the 2,533 snouts returned during
the 2008 fishing season, tag codes indicated 1,215 (55%) as
2n and 989 as 3n (45%). This indicated that 3n rainbow trout

TABLE 2. Total counts of diploid (2n) and triploid (3n) rainbow trout tags recaptured, by method and year. Catch per unit effort by gill nets is shown in
parentheses. Trout were stocked in spring 2008 and recaptured in fall 2008, spring 2009, and fall 2009.

Gill nets Voluntary creel

Fall 2008 Spring 2009 Fall 2009 2008 2009

Water body 2n 3n 2n 3n 2n 3n 2n 3n 2n 3n

Devil’s Creek Reservoir 33 (0.35) 36 (0.38) 3 (0.01) 1 (0.003) 0 1 (0.01) 47 39 6 1
Horsethief Reservoir 98 (0.75) 118 (0.90) 10 (0.07) 16 (0.11) 0 2 (0.01) 442 454 11 14
Island Park Reservoir 46 (0.10) 30 (0.06) 17 (0.04) 6 (0.01) 1 (0.003) 0 56 28 16 14
Little Camas Reservoir 85 (0.40) 46 (0.22) 0 0 46 44
Lost Valley Reservoir 144 (1.12) 94 (0.73) 31 (0.25) 20 (0.16) 13 (0.04) 25 (0.09) 66 70 31 18
Mann Lake 6 (0.05) 6 (0.05) 57 55
Oakley Reservoir 5 (0.04) 5 (0.04) 2 (0.005) 0 65 26 2 1
Paddock Reservoir 10 (0.09) 1 (0.01) 5 4
Roseworth Reservoir 16 (0.06) 2 (0.01) 0 1 (0.001) 82 44 0 0
Soldier Meadow Reservoir 35 (0.30) 33 (0.28) 13 (0.05) 11 (0.04) 0 0 59 35 11 9
Stone Reservoir 70 (0.71) 27 (0.28) 81 41
Thom Creek Reservoir 30 (1.23) 20 (0.82) 0 0 111 89
Waha Lake 57 (0.43) 38 (0.29) 62 (0.44) 62 (0.44) 0 0 98 60 13 7
Grand total 635 (0.43) 456 (0.31) 138 (0.09) 117 (0.08) 14 (0.01) 28 (0.02) 1,215 989 90 64
Total percent 58% 42% 54% 46% 33% 67% 55% 45% 58% 42%
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TRIPLOID CATCHABLE PERFORMANCE IN IDAHO LAKES 609

FIGURE 1. Total diploid and triploid rainbow trout tags returned by anglers
from 13 Idaho reservoirs stocked in spring 2008, by month after stocking.

returned to anglers at 81% of 2n rainbow trout during 2008.
The proportion of 2n and 3n tags recovered varied between
lakes, but angler-caught tag returns in 2008 were on average
significantly higher for 2n trout than for 3n trout (T0.05(2), 13 = 17,
P = 0.015). When angler-caught tags were compared by month,
paired differences were also significant (T0.05(2), 7 = 2, P =
0.043), and differences in angler returns were apparent almost
immediately after planting but decreased over time (Figure 1).

Gill-net sampling in spring 2009 included 10 of 13 reservoirs
and captured 303 marked rainbow trout, of which 255 contained
tags. Catch of marked fish was again highly variable and much
lower than in the previous fall, with most marked rainbow trout
being caught at Lost Valley Reservoir and Waha Lake (Table 2).
No marked trout were caught at Little Camas and Thorn Creek
reservoirs, suggesting poor overwinter survival probably due
to low water levels at the end of the previous year. The gill-
net CPUE for 2n and 3n trout was 0.09 ± 0.01 and 0.08 ±
0.09 fish/h, respectively. Tag codes indicated 138 (or 54%) 2n
rainbow trout and 117 (or 46%) 3n rainbow trout were caught
in spring 2009, but the paired comparisons of gill-net returns
were not significantly different between 2n and 3n rainbow trout
(T0.05(2), 7 = 2, P = 0.28).

Six of the 13 reservoirs were again sampled with gill nets in
fall 2009. Catch rates of marked fish were low, yielding only
67 adipose-clipped rainbow trout, of which 42 contained tags.
The total fall 2009 gill-net sample was composed of 33% (14)
2n rainbow and 67% (28) 3n rainbow trout. The vast majority
of marked trout were recaptured at Lost Valley Reservoir (38 of
42), no marked fish being recaptured in two of the six reservoirs
sampled; this suggests very few marked trout survived beyond
the second summer. Limited sample size for paired comparisons
of gill-net returns from fall 2009 (n = 4) precluded meaningful
statistical analysis.

Angler-caught returns of marked fish were less variable
across reservoirs in 2009 than in 2008. The voluntary creel

yielded 470 snouts, snouts having been collected from all seven
of the reservoirs surveyed (Table 2). As with the gill-net data,
Lost Valley Reservoir provided the majority of returned tags.
Overall, 2n trout made up 58% (90) of tags recovered, while 3n
comprised 42% (64), suggesting 3n rainbow trout returned to
anglers at only 71% of 2n trout. However, paired differences in
the total number of 2n and 3n tags returned by anglers were not
statistically significant (T0.05(2), 7 = 2, P = 0.15, n = 7), proba-
bly because of limited sample size. The total returned tags (154)
over the 2009 season compared with 2008 (2,204) suggests the
vast majority of fish stocked in 2008 were caught that same year.
Regardless of ploidy level, few fish survived as holdovers into
the next fishing season.

Triploid rainbow trout did not show any growth advantages
over diploid trout in terms of length or weight (Figure 2). In fall
2008 2n and 3n rainbow trout were of similar length (321 ±
3 mm and 317 ± 3 mm, respectively), and increased in length
in spring 2009 (340 ± 8 mm and 329 ± 8 mm, respectively)
and again in fall 2009 (438 ± 21 mm and 435 ± 11 mm,
respectively), but differences were not statistically significant (F
= 0.03, df = 27, P = 0.86). In fall 2008, 2n and 3n rainbow trout
were of similar weight (357 ± 10 g and 328 ± 11 g, respectively).
Marked 2n and 3n trout increased in weight in spring 2009 (470
± 43 g and 378 ± 38 g, respectively) and again in fall 2009 (883
± 167 g and 829 ± 68 g, respectively), but differences were not
statistically significant (F = 0.56, df = 27, P = 0.46). Dressed
weight was also similar between 2n and 3n marked trout in fall
2008 (348 ± 10 g and 327 ± 11 g, respectively), and increased
in spring 2009 (406 ± 36 g and 338 ± 35 g, respectively) and
again in fall 2009 (772 ± 152 g and 727 ± 57 g, respectively),
but differences were not statistically significant (F = 0.19 df =
22, P = 0.67). In comparing length, weight, and dressed weight
between groups, the interaction of ploidy level and sampling
occasion was not significant (F = 0.25, df = 27, P = 0.78).

The Spearman rank correlation coefficients suggested that the
3n proportion of marked trout caught was related to reservoir
volume and the number of other species captured, but not to
nontrout bycatch. Reservoir volume (percent pool remaining) in
the fall after planting was positively correlated to the proportion
of triploid rainbow trout (rs = 0.42, P = 0.026), suggesting
3n rainbow trout performance was more similar to 2n rainbow
trout in reservoirs with more water (higher percent full) than
those with lower pools. The proportion of 3n rainbow trout
was negatively correlated with number of species sampled (rs =
–0.33, P = 0.08), suggesting fewer 3n rainbow trout were caught
in reservoirs with greater species diversity. The CPUE of bycatch
species was not significantly correlated to the proportion of 3n
rainbow trout caught (rs = –0.22, P = 0.26).

DISCUSSION
When reared separately from diploids under good condi-

tions, triploid salmonids can perform similarly to diploids in
aquaculture settings (Habicht et al. 1994; Sheehan et al. 1999;
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610 KOENIG AND MEYER

FIGURE 2. Mean length, weight, and dressed weight of diploid and triploid
rainbow trout across all reservoirs by sampling season. Error bars indicate 95%
CIs. No statistically significant differences were found between groups.

Piferrer et al. 2009), but their performance in natural environ-
ments after stocking can be variable (Simon et al. 1993; Dillon
et al. 2000; Teuscher et al. 2003). Brock et al. (1994) found the
cumulative catch of 3n rainbow trout (age 1 and age 2) to be 39%
lower than 2n trout in six Alaska lakes. Similarly, 3n rainbow
trout in our study did not survive as well as 2n rainbow trout
over the period of two fishing seasons. Disparities in returns
from 2n and 3n rainbow trout varied across reservoirs, but 2n

trout provided higher returns in most locations. When interpret-
ing these results, we assumed that 2n and 3n marked trout were
equally susceptible to gill nets. While we expect this to be true,
it remains largely untested. However, the relative proportions
of 2n and 3n rainbow trout collected were similar between the
snout return boxes (angler harvest) and active sampling with
gill nets. This suggests that 2n rainbow trout were either more
catchable both by gill nets and by anglers, or (more likely) that
differences in catch were actually a result of lower 3n survival
and not an artifact of differing catchability.

Gill-net surveys only provided a snapshot sample, while
the snout return boxes provided return-to-angler data across
much of the fishing season, allowing comparison of returns
over time. In many locations—such as Devils Creek, Island
Park, Oakley, Roseworth, Soldier Meadow, Stone, and Thorn
Creek reservoirs—differences in return to anglers between 2n
and 3n appeared early in the fishing season (Figure 1). Simon
et al. (1993) reported similar findings, with lower survival of 3n
rainbow trout becoming apparent shortly after planting. Consid-
ering the relatively brief window of time that catchable trout are
typically available for harvest (Johnson et al. 1995), differences
in survival of 2n and 3n trout soon after planting would directly
translate to changes in angler success for put-and-take fisheries
typical of this study.

One reason for using 3n trout in sport fisheries is the potential
for faster growth rates and larger ultimate size (Brock et al.
1994). Several authors have reported growth advantages of 3n
salmonids over their 2n counterparts (Thorgaard 1986; Ihssen
et al. 1990; Boulanger 1991; Galbreath et al. 1994; Sheehan et al.
1999). However, these studies were conducted with treatments
reared separately in hatchery environments, and any growth
advantage of 3n fish seems only to materialize at larger sizes
(500–700 g) after the fish have passed the normal size of sexual
maturity. Growth advantages of 3n salmonids tend to reverse
or disappear when reared in sympatry, in natural environments
with 2n conspecifics, or when examined at earlier life stages
(Simon et al. 1993; Brock et al. 1994; Galbreath et al. 1994).
During the length of our study, 3n rainbow trout did not show any
growth advantages over 2n rainbow trout. While mean length
between the groups was similar, 2n fish tended to be heavier
in weight and dressed weight in the first two sampling events,
although differences were not statistically significant (Figure 2).
Ojolick et al. (1995) studied growth patterns of rainbow trout
and found that 2n fish had higher girth, while 3n fish tended
to grow longer and leaner with lower condition factor. Teuscher
et al. (2003) reported similar findings in Daniels and Treasureton
reservoirs in Idaho, where 3n rainbow trout did not show any
growth advantages over 2n rainbow up to 4 years of age. We
expected dressed weights of 3n rainbow trout to surpass those
of 2n trout after sexual maturity (Boulanger 1991). However,
the put-and-take fisheries in this evaluation had little carryover,
so any long-term growth advantages of 3n rainbow trout may be
of little benefit to anglers given the short life expectancy typical
of a catchable trout.
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Habitat conditions varied across the study reservoirs and
probably affected the survival and returns of stocked trout. Cor-
relation coefficients showed the disparity in catch between 2n
and 3n rainbow trout was usually greatest in reservoirs that expe-
rienced low water conditions in the fall when the first sampling
occurred. Many of the study sites are irrigation reservoirs that are
subject to drawdowns after mid-June when spring runoff ends
and irrigation season begins. Little Camas, Paddock, Roseworth,
Stone, and Thorn Creek reservoirs were drawn down by fall of
2008, Little Camas and Stone reservoirs becoming so low that
these fisheries were opened to public salvage. These reservoirs
probably experienced high summer water temperatures and low
dissolved oxygen levels. While returns of 3n rainbow trout were
on average lower than those of 2n trout, our results indicate that
performance differences were less pronounced (higher propor-
tion of 3n trout caught) at sites with less reservoir drawdown,
suggesting 3n trout are more comparable to 2n trout in reservoirs
where water levels might remain closer to full pool throughout
the season. Despite this negative correlation of 3n catch and low
reservoir levels in the fall, angler-returned tags indicate dispar-
ities in 2n and 3n catch appeared early in the season soon after
stocking (Figure 1). Therefore, there may be factors inherent to
these reservoirs that affected 3n trout performance rather than
the level of drawdown itself.

Low reservoir levels from drought and drawdown (and the
associated stressful habitat conditions and limited food supplies
for salmonids) are commonly implicated in the poor survival
and returns of stocked trout (Wiley et al. 1993; Dillon and
Alexander 1996). Triploid salmonids are disproportionately
affected by poor water quality such as low dissolved oxygen
(Simon et al. 1993), elevated water temperatures (Ojolick et al.
1995; Hyndman et al. 2003; Atkins and Benfey 2008), and
chronic environmental stress (see Maxime 2008 and Piferrer
et al. 2009 for reviews). Research shows 3n rainbow trout have
higher mortality than 2n controls at water temperatures above
17◦C (Myers and Hershberger 1991; Blanc et al. 1992). Ojolick
et al. (1995) reported 69% of 3n rainbow trout died within 3
weeks while reared at 21◦C compared with 39% for 2n fish, 50%
of the cumulative mortality occurring 20 d earlier for 3n than
for 2n fish. Hyndman et al. (2003) found even higher mortality
(9 of 10) in triploid brook trout Salvelinus fontinalis during 4 h
of recovery after exhaustive exercise at 19◦C, compared with
no mortality in exercised diploids. Triploid salmonids may have
lower hemoglobin : loading ratios that reduce maximum blood
oxygen capacity (Ojolick et al. 1995) and may have difficulty
restoring muscle metabolites after exercise (Hyndman et al.
2003). Yamamoto and Iida (1994) suggested 3n rainbow trout
experienced more severe hypoxia under low dissolved oxygen
conditions than diploids when infected with bacterial gill
disease. More recently, Atkins and Benfey (2008) concluded
triploid Atlantic salmon Salmo salar and brook trout had a
lower optimum temperature for metabolic processes, which
might explain higher mortality of 3n salmonids at temperatures
not lethal to diploids. Regardless of underlying physiological

mechanisms, earlier mortality of 3n trout could subsequently re-
duce return to creel by reducing the amount of time that trout are
available to anglers. Simon et al. (1993) found low survival rates
of triploid rainbow trout began shortly after stocking, suggesting
that 3n rainbow trout may be a poor choice for even short-term
fishing opportunities in waters with poor habitat conditions.

Correlation coefficients showed that the disparity in catch
between 2n and 3n rainbow trout increased in reservoirs with
higher numbers of fish species present, a higher number of
species being correlated with a lower proportion of 3n trout in the
total catch of marked trout. For example, the fish communities of
Devils Creek, Horsethief, and Lost Valley reservoirs consisted
almost exclusively of trout, and triploids made up an average of
51, 56, and 43% of the marked trout sampled, respectively. In
these locations, triploids performed similar to diploids in terms
of the total catch of marked trout. In contrast, Island Park, Pad-
dock, and Stone reservoirs contained six different species. In
these locations, triploids made up an average of 36, 9, and 28%
of the marked trout sampled, respectively. Regardless of fish-
ing pressure, low survival of stocked trout is common where
established populations of competing nongame and predatory
species exist and in locations with low water levels (Wiley
et al. 1993; Dillon and Alexander 1996). Poor competitive abil-
ity of triploid fishes has been demonstrated for Atlantic salmon
(Galbreath et al. 1994), saugeye (sauger Sander canadensis ×
walleye S. vitreus; Czesny et al. 2002), and small brook trout
(O’Keefe and Benfey 1997), which could exacerbate low return-
to-creel rates of triploid rainbow trout in locations with diverse
species assemblages.

Several authors have suggested that the benefits of sterile
trout—such as increased growth rates, larger ultimate sizes, and
increased longevity—do not begin until the species reaches the
normal age of sexual maturity (Ihssen et al. 1990; Sheehan et al.
1999; Teuscher et al. 2003). Our results suggest these advantages
may never be realized in many put-and-take fisheries, especially
in reservoirs subject to drawdown, high summer temperatures,
or intense fishing pressure where carryover may be limited. In
fact, some have reported catchable trout are caught as quickly
as 7–10 d after stocking in streams (Butler and Borgeson 1965;
Johnson et al. 1995) and within 2 months (more than 83% being
harvested in the first year) in lakes and reservoirs (Wiley et al.
1993). On average, 3n rainbow trout did not grow or survive
as well as 2n rainbow trout over the period of this evaluation
(two fishing seasons). High exploitation rates (although rarely
achieved), combined with lower survival (and return to creel)
during the fishing season, could negate any long-term benefits
associated with triploidy. However, in lakes with good habitat
conditions, 3n rainbow trout may perform well while preventing
genetic impacts to native trout.

Stocking strategies for managing catchable trout are highly
site specific (Hartzler 1988), and fisheries managers should de-
cide on an individual-lake basis whether the protection of native
fish outweighs the potential for reduced survival and return to
creel of 3n trout. Fortunately in Idaho, most reservoirs with
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lower quality habitat and mixed-species assemblages (where
3n trout would perform poorly) also tend to have few native
salmonid populations nearby, thus stocking 2n trout poses little
genetic risk in these water bodies. In reservoirs dominated by
trout that maintain good water quality and are less subject to
drawdown, native salmonids are more frequently found nearby,
and continuing to use 3n trout in these locations will help protect
native genotypes.

ACKNOWLEDGMENTS
Joe Chapman, Ken Felty, David May, Ken Taylor, Tom Tighe,

and Beau Gunter of the Hagerman State Hatchery staff were crit-
ical to the success of this project. We thank Rodney Duke and
his staff for marking all test fish. Pete Gardner, Alan Sievers,
Dennis Hardy, Dan Garren, Doug Megargle, Robert Hand,
Damon Keen, Matt Kreizenbeck, and Paul Jansen helped with
sampling and the snout collection boxes. Many reservists and
volunteers contributed by checking and maintaining snout col-
lection boxes across the state. Funding for this project was pro-
vided in part by Federal Aid in Sport Fish Restoration. Dan
Schill and two anonymous reviewers provided valuable critiques
of this manuscript in preparation for publication.

REFERENCES
Atkins, M. E., and T. J. Benfey. 2008. Effect of acclimation temperature on

routine metabolic rate in triploid salmonids. Comparative Biochemistry and
Physiology 149:157–161.

Blanc, J. M., H. Poisson, and F. Vallee. 1992. Survival, growth and sexual
maturation of the triploid hybrid between rainbow trout and Arctic char.
Aquatic Living Resources 5:14–21.

Boulanger, Y. 1991. Performance comparison of all female diploid and triploid
brook trout. Canadian Technical Report in Fisheries and Aquatic Sciences
1789:111–121.

Brock, I. V., P. A. Hansen, D. N. McBride, and A. C. Havens. 1994. Culture and
performance of triploid rainbow trout in Alaska. Transactions of the North
American Wildlife and Natural Resource Conference 59:263–273.

Butler, R. L., and D. P. Borgeson. 1965. California “catchable” trout fisheries.
California Department of Fish and Game, Fish Bulletin 127.

Czesny, S., M. A. Garcia-Abiado, and K. Dabrowski. 2002. Comparison of
foraging performance of diploid and triploid saugeyes (sauger × walleye).
Transactions of the American Fisheries Society 131:980–985.

Devlin, R., D. Sakhrani, C. A. Biagi, and K. W. Eom. 2010. Occurrence of incom-
plete paternal-chromosome retention in GH-transgenic coho salmon being
assessed for reproductive containment by pressure-shock-induced triploidy.
Aquaculture 304:66–78.

Dillon, J. C., and C. B. Alexander. 1996. Hatchery trout evaluations. Idaho
Department of Fish and Game, Job Performance Report, Project F-73-R-18,
Boise.

Dillon, J. C., D. J. Schill, and D. M. Teuscher. 2000. Relative return to creel of
triploid and diploid rainbow trout stocked in eighteen Idaho streams. North
American Journal of Fisheries Management 20:1–9.

Fleiss, J. L., B. Levin, and M. C. Paik. 2003. Statistical methods for rates and
proportions, 3rd edition. Wiley, Hoboken, New Jersey.

Galbreath, P. F., W. St. Jean, V. Anderson, and G. H. Thorgaard. 1994. Freshwater
performance of all-female diploid and triploid Atlantic salmon. Aquaculture
128:41–49.

Habicht, C., J. E. Seeb, R. B. Gates, I. R. Brock, and C. A. Olito. 1994. Triploid
coho salmon outperform diploid and triploid hybrids between coho salmon

and Chinook salmon during their first year. Canadian Journal of Fisheries
and Aquatic Sciences 51:31–37.

Halverson, M. A. 2008. Stocking trends: a quantitative review of govern-
mental fish stocking in the United States, 1931 to 2004. Fisheries 33:
69–75.

Hartzler, J. R. 1988. Catchable trout fisheries: the need for assessment. Fisheries
13(2):2–8.

Hyndman, C. A., J. D. Kieffer, and T. J. Benfey. 2003. Physiology and survival of
triploid brook trout following exhaustive exercise in warm water. Aquaculture
221:629–643.

IDFG (Idaho Department of Fish and Game). 2001. Fisheries management plan
2001–2006. IDFG, Boise.

IDFG (Idaho Department of Fish and Game). 2008. Resident fish hatcheries
2008. IDFG, Annual Report 09-112, Boise.

Ihssen, P. E., L. R. McKay, I. McMillan, and R. B. Phillips. 1990.
Ploidy manipulation and gynogenesis in fishes: cytogenetic and fisheries
applications. Transactions of the American Fisheries Society 119:698–
717.

Johnson, D. M., R. J. Behnke, D. A. Harpman, and R. G. Walsh. 1995. Eco-
nomic benefits and costs of stocking catchable rainbow trout: a synthesis of
economic analysis in Colorado. North American Journal of Fisheries Man-
agement 15:26–32.

Johnston, N. T., E. A. Parkinson, and K. Tsumura. 1993. Longevity and growth
of hormone-sterilized kokanee. North American Journal of Fisheries Man-
agement 13:284–290.

Koenig, M. K., J. R. Kozfkay, K. A. Meyer, and D. J. Schill. 2011. Performance
of diploid and triploid rainbow trout stocked in Idaho alpine lakes. North
American Journal of Fisheries Management 31:124–133.

Kozfkay, J. R., J. C. Dillon, and D. J. Schill. 2006. Routine use of ster-
ile fish in salmonid sport fisheries: are we there yet? Fisheries 31:392–
399.

Maxime, V. 2008. The physiology of triploid fish: current knowledge and com-
parisons with diploid fish. Fish and Fisheries 9:67–68.

Myers, J. M., and W. K. Hershberger. 1991. Early growth and survival of
heat shocked and tetraploid-deprived triploid rainbow trout (Oncorhynchus
mykiss). Aquaculture 96:97–107.

Ojolick, E. J., R. Cusack, T. J. Benfey, and S. R. Kerr. 1995. Survival and
growth of all-female diploid and triploid rainbow trout reared at chronic high
temperature. Aquaculture 131:177–187.

O’Keefe, R. A., and T. J. Benfey. 1997. The feeding response of diploid and
triploid Atlantic salmon and brook trout. Journal of Fish Biology 51:989–
997.

Parkinson, E. A., and K. Tsumura. 1988. Growth and survival of hormone-
sterilized coho Oncorhynchus kisutch and kokanee salmon O. nerka in a
lacustrine environment. Canadian Journal of Fisheries and Aquatic Sciences
45:1490–1494.

Piferrer, F., A. Beaumont, J. Falguière, M. Flajšhans, P. Haffray, and L. Colombo.
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