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ANNUAL PROGRESS REPORT 

SUBPROJECT #1: MYY BROOK TROUT FIELD EVALUATIONS 2020 

State of: Idaho  
 
Project No.: 3 Title: Wild Trout Evaluations 
 
Subproject #1:  MYY Brook Trout Field Evaluations 

2020 
 
Time Period: July 1, 2020 to June 30, 2021 
 
 

ABSTRACT 

Non-native Brook Trout Salvelinus fontinalis were introduced throughout western North 
America in the early 1900s, resulting in widespread self-sustaining non-native populations that 
are difficult to eradicate and often threaten native salmonid populations. A novel approach to 
eradicating undesirable Brook Trout populations is using YY male (MYY) Brook Trout. YY male 
Brook trout are created in the hatchery by feminizing XY males and crossing them with normal 
XY males. When MYY Brook Trout reproduce successfully with wild females, all offspring are 
males. This can potentially be used to shift the sex ratio of the wild population toward males, 
potentially reaching a point where no females remain in the population to reproduce, thus 
eliminating the population. We stocked fingerling (mean = 126 mm; range = 75–184 mm) MYY 
Brook Trout in three streams and four lakes in 2020, and catchable (mean = 284 mm; range = 
189–340 mm) MYY Brook Trout in two streams and two lakes in 2020 to attempt to eradicate wild 
Brook Trout in these study systems; these waters have now been stocked for several years, some 
as early as 2015. Prior to stocking, we suppressed wild Brook Trout via mechanical removal in 
two streams and two lakes to potentially increase survival of stocked MYY Brook Trout, and 
therefore decrease the time to eradication. Suppression via mechanical removal in 2020 was 77% 
in Dry Creek, 46% in Pike’s Fork Creek, 28% in Martin Lake, and 41% in Seafoam Lake #4. This 
long-term study is scheduled to be completed in 2026. 
 
 
Authors: 
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INTRODUCTION 

Brook Trout Salvelinus fontinalis were originally introduced outside their native range into 
waters of the western United States as early as 1872 by the California Fish Commission 
(MacCrimmon and Campbell 1969), and they continue to colonize new habitats in western North 
America (Benjamin et al. 2007). Brook Trout have contributed to declines in native fish abundance 
through hybridization, competition, and predation (Rahel 2000). Thus, fisheries managers have 
attempted to suppress or eliminate Brook Trout populations outside of their native range 
(reviewed in Dunham et al. 2004). There are several methods fisheries managers use to eradicate 
non-native fish. Managers have used piscicides with some success (Gresswell 1991; Lee 2001; 
Lentsch et al. 2001; Hepworth et al. 2002), but piscicides may result in collateral damage to native 
fish populations (Britton et al. 2011), and other aquatic fauna (e.g., Hamilton et al. 2009; Billman 
et al. 2012). Multiple-pass electrofishing has been used to physically remove Brook Trout from 
streams (e.g., Thompson and Rahel 1996; Meyer et al. 2006; Shepard et al. 2014), but it has 
been questioned whether stream electrofishing removal alone can cause meaningful progress in 
Brook Trout eradication at the landscape scale (Meyer et al. 2006; Schill et al. 2017). Sterile 
predatory fish have been introduced in alpine lakes, but successfully eradication of Brook Trout 
occurred in less than one-half of the lakes where the strategy was used (Koenig et al. 2015). The 
mixed success of these approaches suggests a need for additional methods for non-native fish 
eradication. 

 
An alternative method, suggested decades ago for eradicating undesirable fish 

populations, is shifting the population sex ratio toward all males (Hamilton 1967). In this scenario, 
shifting the sex ratio over time could be accomplished by annual introductions of hatchery 
produced male fish with a YY genotype (MYY), eventually resulting in population eradication by 
eliminating females (Gutierrez and Teem 2006; Teem and Gutierrez 2010). To create a MYY brood 
stock, XY males are feminized by exposing them to estrogen (Teem and Gutierrez 2010). After 
rearing to maturity, the resulting XY neo-females are crossed with normal XY males and, on 
average, one-quarter of the progeny will be MYY. To develop a functional broodstock, half of the 
Myy are then feminized by exposure to estrogen at an early age to create egg-bearing YY fish 
(Fyy), Subsequent progeny of Fyy and Myy crosses are all Myy. These MYY progeny can then be 
stocked into wild fish populations in an effort to drive the sex ratio of the wild population to 100% 
males (Parshad 2011). Although YY fish culture is occasionally used in commercial hatcheries 
(e.g. Mair et al. 1997; Liu et al. 2013), a stocking program utilizing YY fish to eradicate a non-
native fish species has not been tested in the wild (Wedekind 2012; Wedekind 2018). 

 
In wild Brook Trout populations, sex ratios would only shift under such a stocking program 

if the MYY Brook Trout survive and successfully reproduce after stocking. A pilot study estimated 
an average of 16% of MYY Brook Trout survived for three months and successfully reproduced 
with wild females after they were stocked in four streams in Idaho (Kennedy et al. 2018a). 
Hatchery trout encounter many challenges upon release into natural environments, and often 
exhibit low survival, especially in streams (e.g., Miller 1952; Bettinger and Bettoli 2002; High and 
Meyer 2009). Low survival of hatchery trout in streams is largely attributed to the stress associated 
with adjusting to natural stream flows and competition with resident fish (Schuck 1948; Miller 
1954; Miller 1958; Hochachka and Sinclair 1962). Though rarely evaluated, past studies 
suggested that manual removal (hereafter suppression) of wild fish prior to stocking hatchery fish 
could markedly improve survival of the stocked hatchery trout (Miller 1958; Horner 1978). In 
addition, modelling by Schill et al. (2017) suggested that combining MYY stocking with suppression 
of wild fish may decrease the time-to-eradication in wild Brook Trout populations. 
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Size-at-release can also influence survival of hatchery-reared fish. Adult hatchery trout of 
catchable-size (avg. 220 mm), hereafter referred to as catchables, generally return to creel at a 
much higher rate than juvenile hatchery trout, hereafter referred to as fingerlings (Wiley et al. 
1993; Dillon and Jarcik 1994). The greater survival of catchables may result from larger energy 
reserves, reduced vulnerability to post-release predation, and reduced competition with wild fish. 
Catchables are also immediately vulnerable to anglers upon release, whereas fingerlings must 
survive and grow for months or perhaps more than a year before they grow to be vulnerable to 
anglers. Most work comparing survival between catchables and fingerlings has focused on overall 
return-to-creel, but the difference in short-term survival between fingerlings and catchables is 
unknown. The difference in survival between fingerlings and catchables is of particular interest in 
the case of MYY fish, because the objective is to maximize abundance of mature Myy on the 
spawning grounds. However, it is unclear whether this is best achieved by stocking higher 
numbers of fingerling Myy or lower numbers of catchable Myy. 

 
The Idaho Department of Fish and Game (IDFG) has produced a YY Brook Trout 

broodstock that annually produces 20,000-30,000 MYY Brook Trout for eventual stocking into the 
wild (Schill et al. 2016). Prior to large-scale stocking, survival and reproductive success of 
catchable MYY Brook Trout in the wild were evaluated in Kennedy et al. (2018a), and this study 
indicated that MYY Brook Trout could successfully survive and reproduce in the wild. Recent 
modelling suggests that annual stocking of MYY Brook Trout into streams and alpine lakes can 
result in eradication of the wild population within 10 years if MYY Brook Trout are stocked at a rate 
of 50% of the wild Brook Trout abundance (Schill et al. 2017). In model simulations, eradication 
occurred faster as suppression of the wild population increased. However, these models are 
theoretical and need to be tested on wild Brook Trout populations to validate predictions. For this 
study, the following objectives were developed to guide our work: 

 
 

OBJECTIVE 

1. Evaluate various MYY stocking and wild trout suppression strategies in both streams and 
lakes to identify where the YY approach is most likely to result in eradication. 

 
 

METHODS 

The IDFG experimentally feminized male Brook Trout fry with estrogen (in the form of 17β-
estradiol) to create an adult broodstock of YY Brook Trout. For complete details of YY broodstock 
production, see Schill et al. (2016). Offspring were produced by crossing FYY and MYY broodstock 
at the Mackay Hatchery. Fish were reared to fingerling and catchable sizes at Mackay Hatchery 
in outdoor concrete raceways in 10-12°C single-use spring water until the time of release. 
However, as of 2019 production and rearing of MYY Brook Trout has been shifted to Hayspur Fish 
Hatchery. All study fish were adipose clipped so they could be differentiated from wild fish after 
stocking. For this study, fingerlings and catchables were stocked at approximately 8 and 20 
months after hatching, respectively. 

 
Study streams and lakes were selected with self-sustaining Brook Trout populations 

comprising a large majority of the fish species composition (>80%). Each study stream treatment 
reach had a total stream length of less than 10 km from the upstream distribution of Brook Trout 
to a downstream passage barrier which provided isolation from potential upstream immigrating 
female Brook Trout from lower untreated reaches of the stream (Figure 1; Table 1). Lakes were 
also chosen based on the presence of passage barriers which would prevent upstream 
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immigration of Brook Trout (Figure 2; Table 2). Lakes varied in size from 1.8 to 15.8 hectares. 
During 2015-2017, streams and lakes were assigned to one of two treatment levels (suppression 
and non-suppression) to evaluate fingerling and catchable stocking. At two of the streams and 
two of the lakes, we manually suppressed the wild Brook Trout population to improve survival and 
spawning success of stocked fish. Suppression was achieved by the removal of wild Brook Trout 
with backpack electrofishing in streams, and gill nets plus boat or raft electrofishing in lakes. Non-
suppression streams and lakes were stocked with MYY Brook Trout without the suppression of 
their wild counterparts. Two control streams and two control lakes were selected nearby to 
monitor the stochastic changes in wild Brook Trout populations in central Idaho. All treatment 
streams and lakes will be stocked annually, for a minimum of seven years, unless the population 
collapses and intensive sampling identifies that no female (FXX) Brook Trout remain. Sex ratios in 
each Brook Trout population will be assessed approximately every three years until the wild 
population is considered eradicated.  

 
The first field evaluations of MYY Brook Trout in streams began in 2016 and additional 

streams were included in 2017 (Table 1). Dry, Tripod, East Fork Clear, Alder, and Beaver creeks 
have been under evaluation since 2016, whereas Pike’s Fork and East Threemile creeks have 
been part of the evaluation since 2017. For a more complete discussion of previous study years 
for streams, see Kennedy et al. (2018c) and Roth et al. (2020). Field evaluations of MYY Brook 
Trout in Duck, Lloyds, Snowslide #4, and Upper Hazard lakes began in 2015, Black and Rainbow 
lakes were added in 2016, and Martin Lake and Seafoam Lake #4 have been part of the 
evaluation since 2017. For a more complete discussion of previous study years involving lake 
evaluations, see Kennedy et al. (2018b) and Roth et al. (2020). Because of the three-year cycle 
associated with sampling, sampling was only conducted in waterbodies receiving annual 
suppression (i.e., Dry Creek, Martin Lake, Pike’s Fork Creek, and Seafoam Lake #4) during 2020. 
Non-suppression lakes and streams were not sampled in 2020. However, all lakes and streams 
were stocked with MYY Brook Trout in 2020. Lake sampling is scheduled to occur again in 2021, 
and stream sampling is scheduled to occur again in 2022. 

Stream surveys 

Suppression of wild Brook Trout was conducted in Dry and Pike’s Fork creeks after 
snowmelt subsided (to maximize electrofishing capture efficiency) but prior to annual MYY 
stocking. Before suppression, approximately 10 Brook Trout (≥100 mm) were marked with a lower 
caudal clip at each ½ km, 1-5 days prior to suppression so recaptured fish could be used to 
estimate abundance and capture efficiency. Single-pass electrofishing was conducted to capture 
fish over the entire study reach (range 3.9-9.1 km) and wild Brook Trout were removed. 
Electrofishing crews consisted of 2-3 people (depending on stream flow) with backpack 
electrofishers, and 1-3 people with nets and buckets (19 L). We used a pulsed-DC waveform 
typically operated at 50-60 Hz, 300-990 V, and a 1-6 ms pulse-width. During suppression, persons 
with backpack electrofishers covered all available habitats, moving methodically upstream in 
tandem. All wild Brook Trout captured were euthanized with a lethal dose of anesthetic. Data 
collected from captured fish included: species, total length (TL; mm), and any marks. Salmonids 
other than Brook Trout comprised less than 30% of the total catch among all study streams, were 
released unharmed, and were not included in further analyses.  

 
Prior to MYY stocking in each study stream we collected tissue samples from wild Brook 

Trout fry (<100 mm) to estimate genetic sex ratios and parentage of the Brook Trout populations. 
Sex-biased survival was anticipated in mature Brook Trout due to the stresses associated with 
spawning and size-selective harvest by anglers (McFadden 1961). Fry were assumed exempt 
from these biases so equal sex ratios for males and females were anticipated (Fisher and Bennett 
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1999). Tissue samples were clipped from the caudal fin and preserved on Whatman™ 3MM 
chromatography paper (Thermo Fisher Scientific, Inc., Pittsburgh, Pennsylvania). We sought a 
goal of 100 tissue samples from Brook Trout fry to characterize the sex ratio of each wild 
population. Fry collections occurred at multiple locations over the entire treatment reach to 
minimize family effects (Whiteley et al. 2012).  

 
To evaluate presumed fish passage barriers, we collected Brook Trout via electrofishing 

downstream from the identified passage barrier. Passage barriers were either natural or 
manmade structures depending on the waterbody. All salmonids captured were anaesthetized 
and measured for length as described above, and were given a maxillary clip on both sides of 
the mouth, then released near their point of capture. Over time, any maxillary-clipped fish 
captured upstream from the assumed passage barrier will help us assess the effectiveness of 
the barrier and the degree of demographic isolation in study populations. 

Lake surveys 

Only the two lakes that receive annual suppression (i.e., Martin Lake and Seafoam Lake 
#4) were sampled in 2020. Sampling and suppression occurred in these two systems using gill 
nets and boat or raft electrofishing. Boat electrofishing was conducted in Martin Lake over two 
nights. Gill nets were also set each night to increase the number of wild Brook Trout that could be 
removed from the system. Suppression in Seafoam Lake #4 consisted of similar protocols, but 
electrofishing was conducted via raft rather than boat. During electrofishing, MYY Brook Trout were 
identified based on adipose fin clips; these fish were marked with an additional lower caudal clip 
and then released so that a population estimate could be conducted via mark-recapture. In both 
systems all wild Brook Trout were removed. Data collected from captured fish included: species, 
total length (TL; mm), and any marks. Salmonids other than Brook Trout comprised less than 25% 
of the total catch among all study lakes, were released unharmed, and were not included in further 
analyses. Additionally, tissue samples from Brook Trout fry were collected in Seafoam Lake #4 to 
estimate sex ratios and parentage. Collection of tissue samples was also attempted in Martin 
Lake, but we were unable to capture any fry. Tissue samples were clipped from the caudal fin 
and preserved on Whatman™ 3MM chromatography paper (Thermo Fisher Scientific, Inc., 
Pittsburgh, Pennsylvania). A fish passage barrier assessment was also conducted at Seafoam 
Lake #4 using the same methodology that was used in streams; Martin Lake has no inlet or outlet 
and is considered a closed system. 

Abundance  

For mark-recapture surveys at each suppression stream, survey data were pooled over 
the entire study area, then total Brook Trout abundance was estimated using the modified 
Peterson estimator from the FSA package (Ogle 2020) in statistical package R (R Core Team 
2019). Ninety-five percent confidence intervals (CIs) were calculated by calculating the variance 
of a product and then converting that into a confidence interval (Goodman 1960). To account for 
differences in capture efficiency among size classes, abundance was estimated separately for 
the smallest size groups that still allowed for at least three recaptured fish per size group in order 
to satisfy model assumptions. We assumed there was 1) no mortality of marked fish between 
marking and recapture passes, and 2) no movement of marked or unmarked fish out of the study 
reach between marking and recapture passes. Due to small sample sizes (see below), Brook 
Trout abundance was calculated in Martin Lake by dividing the total catch of wild Brook Trout in 
the lake by the average capture efficiency (i.e., 0.24) from 2017 and 2018 sampling events. 
Similarly, MYY Brook Trout abundance in Seafoam Lake #4 was also calculated by dividing the 
total catch of wild Brook Trout in the lake by the average capture efficiency (i.e., 0.41) from 2018 
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and 2019 sampling events. After calculating total Brook Trout abundance, the abundance of wild 
and Myy Brook trout was estimated based on their respective proportions of the total catch. In all 
waterbodies, estimates for both wild and MYY Brook Trout were calculated for all size classes 
≥100 mm to describe abundance for the entire study area.  

Stocking 

Stocking MYY Brook Trout occurred in the month of August for most streams and lakes. 
However, due to logistical constraints Martin Lake and Seafoam Lake #4 were stocked during 
September. All MYY Brook Trout were stocked in a single event, so stocking densities described 
here are annual total stocking densities. Fingerling-sized trout are rarely stocked in Idaho streams 
due to their low survival and return-to-creel (Schuck 1948). Catchables are commonly stocked in 
Idaho streams, though the selected study streams are considerably smaller than most rivers IDFG 
stocks with trout. Silver Creek (tributary to the Middle Fork Payette River) was the most 
comparable in size to study streams described here, that was regularly stocked with hatchery 
trout by IDFG. Stocking densities ranged from 96-128 trout/km at Silver Creek. Therefore, we 
chose an a priori stocking density of catchable MYY Brook Trout at 125 fish/km.  

 
Fingerling stocking rates were initially set at four times the stocking rate of catchables (i.e., 

500 fingerlings/km) based on the ratio of juvenile fish to adult fish suggested in McFadden (1961; 
i.e., adult Brook Trout comprise 20% of the population). However, initial scouting trips to study 
streams identified major disparities in stream widths, to the extent that 500 fingerlings/km may 
have been detrimental to survival of stocked fish at very narrow streams. Therefore, at narrow 
streams (i.e., East Fork Clear and Tripod creeks; Table 1; Figure 1), we reduced stocking 
densities to 250 fingerlings/km. 

 
Once data were available, estimates of wild Brook Trout abundance were used to adjust 

stocking densities. Because prior research has suggested that 50% fingerling stocking rates 
(relative to wild Brook Trout abundance) would result in eradication times of less than 10 years in 
streams (Schill et al. 2017), we adjusted fingerling stocking rates to 50% of the estimated total 
wild Brook Trout abundance for each stream. To maintain the 4:1 fingerling to catchable stocking 
ratio (which also approximately balanced the biomass of fish being stocked in each stream), the 
number of catchables stocked was adjusted to 50% of the total wild population estimate, divided 
by four. Subsequent stocking densities should be consistent to reduce bias when evaluating the 
rate of change in sex ratios, because a higher stocking rate of MYY Brook Trout could result in a 
faster rate of change in sex ratios (Schill et al. 2017) and obscure our ability to detect a difference 
between treatment groups.  

 
Stocking rates in alpine lakes were set based on the typical stocking rate of fry in alpine 

lakes used in Idaho of 500/ha. However, because fry are slightly smaller than fingerling MYY Brook 
Trout that are stocked we slightly reduced the stocking density to 438/h for fingerling MYY Brook 
Trout. To standardize the biomass being stocked, the stocking rate of catchables was adjusted to 
1/5 the stocking rate of fingerlings (i.e., 88/ha) because preliminary testing indicated that 
fingerlings were approximately 1/5 the weight of catchables. Additionally, this stocking rate is 
supported by the fact that fingerling MYY Brook Trout are typically immature at the time of stocking 
and catchables are typically mature and wild Brook Trout populations typically exhibit a 4:1 ratio 
of mature fish to immature fish (McFadden 1961; Meyer et al. 2006). Therefore, a catchable 
stocking rate of 1/5 the fingerling stocking rate makes sense from a biological standpoint as well 
as a biomass standpoint. These stocking rates will be used for the duration of the study.  
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Stocking fingerlings and catchables into streams near roads was usually completed using 
19-L buckets from a 1-ton or ¾-ton hatchery tanker truck. Fish were counted into buckets with 
hatchery water, then carried to the river and released into a pool or other low-velocity stream 
section. At suppression streams, mark-recapture abundance estimates of wild fish every ½ km 
were used to inform how MYY fish were distributed. Assuming stocked hatchery fish generally 
move downstream (High and Meyer 2009), MYY Brook Trout were distributed at a higher density 
at the upstream extremities of each study reach and in reaches where electrofishing catch 
identified high abundances of wild fish. Where fish could move downstream over a passage 
barrier and out of the study reach, stocking did not occur for 1.0-1.5 km upstream. Hatchery trout 
generally exhibit minimal movement within the stream (Heimer et al. 1985; High and Meyer 2009), 
so we dispersed MYY fish longitudinally throughout the entire stream except for the section of 
stream 0.0-1.5 km upstream of the barrier. To maximize the encounter rate of hatchery MYY males 
with spawning females, we backpacked fish into headwater reaches or other roadless areas. For 
stocking in roadless sections, approximately 8 L of hatchery truck water (~12°C) was poured in a 
contractor-grade garbage bag inside of 19-L buckets. Then, fish were loaded into the garbage 
bag. An air stone and hose (connected to a Quiet-Bubbles® air pump) were inserted into the 
opening of the garbage bag, and then the bag was sealed. Fish loading densities and water 
displacement were calculated following Piper et al. (1982). To maintain fish health during 
transport, target fish loading densities were less than 3,392 g of fish/L. Depending on ambient 
temperatures, water temperature and dissolved oxygen were suitable for Brook Trout health for 
≤45 minutes. At some locations, fish were transported in coolers on ATVs. Loading densities and 
water quality monitoring in coolers followed methods described above. 

 
Fingerling and catchable MYY Brook Trout were stocked into alpine lakes primarily by 

helicopter. Fish were counted and placed into a 208-L barrel filled with water. The helicopter flew 
to the designated lake and dumped the fish into the lake by tipping the bucket over. For some 
larger lakes, the fish were delivered in more than one trip to ensure appropriate loading densities. 
Because Martin Lake and Seafoam Lake #4 have road access, fish were stocked in these lakes 
directly from the hatchery truck. 
 

Lengths and weights were measured from a subsample (n = 100) of fingerling and 
catchable MYY Brook Trout immediately prior to loading the helicopter barrel or directly stocking 
from the truck.  

Genetic sex ratios and reproductive success 

During scheduled sampling in each of the suppression streams or lakes, tissue samples 
were collected from hatchery and wild fish to identify successful reproduction of MYY Brook Trout 
in the wild and to monitor changes to the populations’ sex ratio. Approximately 100 tissue samples 
were collected from wild Brook Trout fry (<100 mm) from each study system during July-
September to estimate sex ratios and reproductive success. Tissue samples were clipped from 
the caudal fin and preserved on Whatman™ 3MM chromatography paper (Thermo Fisher 
Scientific, Inc., Pittsburgh, Pennsylvania). 

Sex ratio monitoring 

Samples were screened by the IDFG Eagle Genetics Lab using two genetic markers that 
differentiate sex in Brook Trout: SexY_Brook1 (Schill et al. 2016) and the master sex-determining 
gene sdY (Yano et al. 2013). These two markers were screened in a multiplex PCR reaction along 
with an autosomal microsatellite marker (Sco102) to act as an internal control. Primer sequences 
were as follows: SexY_Brook - Forward: GACAGAGACGTAGCCAG ACAAG, Reverse: 
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CCCACCACACCACTCCTAAG; UsdYMod-Forward (modified from Angles et al. 2014): 
CCCAGCACTSTTTTCTTRTCTCA, Reverse: CTTAAAACYACTCCACCCTCCAT; and Sco102 
(Bettles et al. 2005): Forward: CCATCTCTTCTTACCCTCCTC, Reverse: CCAAAA 
AGCAGTTGATAGACC. The forward primers of each marker were labeled with the 
carboxyfluorescein (FAM) fluorophore. Thermal cycling PCR reactions were performed in a 5 μL 
volume consisting of 0.50 μL of primer mix, 2.50 μL of Qiagen Master Mix (cat. 206143), 1.00 μL 
dH20, and 1.00 μL template DNA (unknown concentration). Thermal cycling conditions were 95°C 
for 15 min followed by 25 cycles of 94°C for 30 s, 60°C for 1 min 30 s, 72°C for 60 s, and then a 
final extension of 60°C for 30 min. 
 

Amplification products were electrophoresed on a 3730 genetic fragment analyzer. 
Genetic sex was determined using the following rules: individuals that amplified at Sco102 (peak 
height = ~131-135 base pairs; b.p.) and both SexY_Brook1 (peak height = ~161 b.p.) and 
UsdYMod (peak height = ~222 b.p.) were scored as “males.” Samples that amplified at Sco102 
but not at SexY_Brook1 and UsdYMod were scored as “females.” Individuals that failed to amplify 
at Sco102 were not scored. 
 

The accuracy of this multiplex marker to differentiate sex in Brook Trout was previously 
validated by screening them on samples of known genetic sex (Schill et al. 2016). Gonadal tissue 
from 25 individuals of each sex from each study stream, whose phenotypic sex was identified in 
the field by dissection, was tested to validate the sex marker described above. Sex assignments 
from tissue samples were compare with the phenotype determined from dissections. We 
calculated 90% CIs around the estimated male proportions, following Fleiss (1981). 

Genetic assignment evaluation 

A second method to evaluate reproductive success of MYY Brook Trout involves the use 
of genetic assignment (GA) tests. Genetic assignment refers to a variety of genetic methods that 
ascertain population membership of individuals or groups of individuals (Manel et al. 2005). Under 
a GA approach, a sample is required from putative progeny and parents. This methodology is 
best used in scenarios where it is impossible (e.g., due to cost and time limitations) to genetically 
sample all MYY Brook Trout individually prior to release and when study designs require stocking 
thousands of MYY Brook Trout into large lakes or rivers. 
 

Several statistical software programs could be used to identify progeny from two different 
populations using GA methodologies. The program used to identify offspring of MYY Brook Trout 
is called “Structure” (Pritchard et al 2000; Kennedy et al. 2018a). Structure uses an admixture 
model that estimates a membership coefficient (Q), which represented the portion of an 
individual’s genotype that originated from a defined number of populations or genetic clusters (in 
the current study, two). This was accomplished prior to the introductions of MYY Brook Trout by 
genetically screening samples collected from both the MYY population used for stocking and from 
the receiving wild population fish. The expectation was that progeny from MYY adults and wild 
adults had approximately equal probability of membership to each population (Q = 0.5). 
 

Fry sampled during 2020 for sex ratio analysis were subjected to GA analysis to describe 
the origin of sampled fish as either progeny of wild or MYY Brook Trout. Determining the origin of 
the sampled fry will allow us to describe relative spawning success of MYY Brook Trout and the 
proportion of the offspring in the system produced by MYY fish.  
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RESULTS 

Stream surveys 

At Dry Creek, 5,766 Brook Trout ≥100 mm were sampled, of which 3,478 (60%) were MYY 
Brook Trout and 2,288 (40%) were wild fish, the latter being removed from the system. MYY 
abundance was estimated to be 4,524 fish (95% CI = 3,836 – 5,212), and wild Brook Trout 
abundance was estimated to be 2,976 fish (95% CI = 2,523 – 3,429; Table 3). Suppression of 
wild Brook Trout was estimated to be 77%. Length of wild Brook Trout ≥100 mm averaged 173 
mm (maximum = 298 mm), which was slightly smaller than MYY Brook Trout ≥100 mm, which 
averaged 196 mm (maximum = 309 mm; Figure 3). No fish with maxillary clips were observed, 
suggesting the barrier is effective at preventing recolonization at Dry Creek. An additional 99 
Brook Trout were maxillary clipped (mean = 209 mm; maximum = 294 mm) below the downstream 
barrier on the study reach to continue barrier evaluations in future years. In addition to Brook 
Trout, 193 Yellowstone Cutthroat Trout Oncorhynchus clarkii bouvieri were captured.  

 
At Pike’s Fork Creek, 1,778 Brook Trout were captured, only five of which were MYY. All 

1,773 of the wild Brook Trout captured were removed from the system. The MYY Brook Trout ≥100 
mm abundance was estimated to be 12 fish (95% CI = 9 – 14) and the abundance of wild Brook 
Trout ≥100 mm in the stream was estimated to be 3,841 (95% CI = 3,025 – 4,657; Table 3). 
Suppression in Pike’s Fork Creek was estimated to be 46%. Length of wild Brook Trout ≥100 mm 
averaged 154 mm (maximum = 270 mm), and MYY Brook Trout ≥100 mm also averaged 154 mm 
(maximum = 200 mm). Similar to Dry Creek, no fish with maxillary clips were detected above the 
barrier, and 139 new wild Brook Trout (mean = 150 mm; maximum = 284 mm) were maxillary 
clipped below the barrier for future barrier evaluation. Additionally, 1,082 Rainbow Trout O. mykiss 
were sampled in Pike’s Fork Creek in 2020.  

Lake surveys 

At Martin Lake, 150 Brook Trout ≥100 mm were sampled, 7 of which were MYY Brook Trout 
and 143 were wild fish, the latter being removed from the system. Based on the average capture 
efficiency (i.e., 0.24) from 2017 and 2018, estimated abundance of MYY Brook Trout ≥100 mm 
was 25 fish and abundance of wild Brook Trout ≥100 mm was 501 fish (Table 3). The Suppression 
rate was estimated to be 29% in Martin Lake. Length of wild Brook Trout ≥100 mm averaged 150 
mm (minimum = 156 mm; maximum = 247 Figure 4). Average length of MYY Brook Trout ≥100 
mm was greater (mean = 176 mm) than wild Brook Trout ≥100 mm length (mean = 156 mm); 
however MYY Brook Trout achieved a smaller maximum length (maximum = 191 mm) than wild 
Brook Trout (maximum = 247 mm).  

 
At Seafoam Lake #4, 255 Brook Trout were sampled, 34 of which were MYY Brook Trout 

and 221 were wild fish, the latter being removed from the system. Based on the average capture 
efficiency (i.e., 0.41) from 2018 and 2019, estimated abundance of wild Brook Trout ≥100 mm 
was 534 fish, and MYY Brook Trout abundance was estimated to be 82 fish. The suppression rate 
of wild Brook Trout in the lake was estimated to be 41%. Length of wild Brook Trout ≥100 mm 
averaged 193 mm (maximum = 348 mm; Figure 4), which were similar to MYY Brook Trout ≥100 
mm, which averaged 229 (maximum = 353 mm). No fish were observed with maxillary clips, 
suggesting the barrier is effective. Additionally, 14 wild Brook Trout (mean = 107 mm; maximum 
= 144 mm) were marked with a maxillary clip below the barrier into Seafoam Lake #4 to continue 
to assess the barrier. 
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Stocking 

Fingerling MYY Brook Trout were stocked into Dry Creek, Tripod Creek, East Fork Clear 
Creek, Martin Lake, Seafoam Lake #4, Duck Lake, and Lloyds Lake during 2020 (Table 4). 
Lengths and weights of stocked fish were similar across waterbodies. However, stocking rates 
varied across the waterbodies in which stocking rates could be calculated (i.e., 145%-220% of 
wild Brook Trout ≥100 mm abundance). 

 
Catchable MYY Brook Trout were stocked into Pike’s Fork Creek, East Threemile Creek, 

Black Lake, and Rainbow Lake during 2020 (Table 4). Again, lengths and weights of stocked fish 
were similar across waterbodies. Due to the three year sampling rotation, catchable stocking rates 
could only be calculated for Pike’s Fork Creek (19%) during 2020.  

Genetically determined sex ratios and reproductive success 

Offspring produced by MYY Brook Trout were detected in all study waters that were 
sampled for fry in 2020 (Table 5). Sex ratios were evaluated in study streams and Seafoam Lake 
#4 in 2020. Sex ratios varied from 50% to 76% male in study streams. In Seafoam Lake #4 the 
sex ratio was 53% male. 

 
Genetic assignment analyses indicated that the proportion of offspring produced by MYY 

Brook Trout in stocked study streams varied from 4% to 67% (Table 5). MYY Brook Trout produced 
67% (SE = 4%) of the offspring in Dry Creek, and 4% (SE = 2%) of the offspring in Pike’s Fork 
Creek and Seafoam Lake #4.  

 
 

DISCUSSION 

Wild Brook Trout abundance fluctuated greatly within waterbodies between 2019 and 
2020. For example, wild Brook Trout abundance in 2020 in Dry Creek was only 60% of the 2019 
abundance (i.e., 4,935 wild Brook Trout). Similarly, wild Brook Trout abundance has decreased 
by 22% in Pike’s Fork Creek between 2019 (5,443 wild Brook Trout) and 2020. Further, a 29% 
decline in wild Brook Trout abundance was observed in Martin Lake between 2019 and 2020. 
Conversely, wild Brook Trout abundance increased by 39% in Seafoam Lake #4 between 2019 
and 2020. Because stocking rates were set based on the abundance of wild Brook Trout during 
the first year of sampling, in a given system, changes in wild fish abundance have caused the 
stocking rate to also fluctuate. Fluctuations in abundance have caused the stocking rate to 
become as high as 220% of the wild Brook Trout ≥100 mm abundance in some waterbodies (i.e., 
Seafoam Lake #4), and as low as 19% in other waterbodies (i.e., Pike’s Fork Creek). However, 
despite the variability in wild fish abundance, stocking rates in each study water will remain 
constant for the remainder of the study. 

 
Survival of MYY Brook Trout was not directly evaluated in any study water during 2020. 

However, the proportion of the Brook Trout population comprised of MYY Brook Trout increased 
in a number of study waters between 2019 and 2020, likely indicating improved survival. In fact, 
the MYY Brook Trout composition increased in Martin Lake from 2% in 2019 to 5% in 2020, and 
from 51% in 2019 to 60% in 2020 in Dry Creek. MYY Brook Trout composition in Pike’s Fork Creek 
was 0% in 2019 and remained at <1% in 2020. Seafoam Lake #4 was the only waterbody sampled 
in 2020 that saw a decline in MYY Brook Trout composition. In 2019, Seafoam Lake #4 was 
comprised of 31% MYY Brook Trout, but declined to 13% MYY Brook Trout in 2020. Because of the 
chronically low MYY Brook Trout composition in Pike’s Fork Creek and the steep decline in MYY 
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Brook Trout composition in Seafoam Lake #4, further investigation into factors that may influence 
MYY Brook Trout survival post stocking is planned for all study waters in 2021. In particular, water 
temperature, pH, and dissolved oxygen (DO) levels will be measured in study waters and in the 
hatchery truck tank prior to stocking to determine if differences between these parameters could 
be limiting MYY Brook Trout post-release survival. 

 
Based on the preliminary results, MYY Brook Trout are surviving in all the study waters 

sampled during 2020, and there is evidence that they are beginning to skew the sex ratio in some 
study waters. However, this is only year six of a 12-year study. Therefore, these assertions are 
speculative and could change once the study has been completed. 

 
 

RECOMMENDATIONS 

1. Continue suppression efforts and stocking in all four study waters within the study design 
that are designated for annual suppression for the duration of the study. 
 

2. Continue annual stocking of fingerling or catchable MYY Brook Trout in remaining study 
waters until the effectiveness of the treatment has been determined using the current 
stocking numbers. 

 
3. Continue to evaluate sex ratios and genetic assignment analyses in future reports 

approximately every three years to monitor reproductive success of MYY fish. 
 

4. In 2021, measure water temperature, pH, and DO for hatchery truck and release waters 
to evaluate whether these metrics may be influencing post-release survival. 
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Table 1. Study streams in central Idaho selected for MYY Brook Trout evaluations including treatment levels, fish-size stocked, 
location (WGS84), and physical stream characteristics. 

 

Stream name 
Starting 

year Treatment level 
Stocked 
fish size 

Reach 
length 
(km) 

Avg. 
width 
(m) 

Gradient 
(%) 

Maximum 
elevation 

(m) Latitude  Longitude  

Dry Creek 2016 Suppression Fingerling 6.5 5.2 1.5 2,377 44.12679 -113.56812 

Pikes Fork Creek 2017 Suppression Catchable 7.5 3.7 3.3 1,871 43.98315 -115.54843 

East Threemile Creek 2017 Non-suppression Catchable 6.5 2.7 5.3 2,320 44.39859 -112.08976 

East Fork Clear Creek 2016 Non-suppression Fingerling 3.9 2.1 5.7 1,827 44.47574 -115.83978 

Tripod Creek 2016 Non-suppression Fingerling 9.1 1.4 1.0 1,625 44.31776 -116.11995 

Alder Creek 2016 Control Control 2.4 4.9 3.2 2,000 43.82343 -113.60738 

Beaver Creek 2016 Control Control 4.0 2.4 2.2 1,650 43.98891 -115.60710 
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Table 2.  Study lakes in central Idaho selected for MYY Brook Trout evaluations including treatment levels, size, and location. 
 

Lake name 
Starting 

year Treatment 
Stocked 
fish size 

Surface 
area (ha) 

Surface 
elevation 

(m) Latitude Longitude 
Martin Lake 2017 Suppression Fingerling 1.82 2,107 44.3032794 -115.26357350 
Seafoam Lake #4 2017 Suppression Fingerling 2.72 1,423 44.5076651 -115.12583244 
Duck Lake 2015 Non-suppression Fingerling 4.96 2,177 45.1145991 -116.15726311 
Lloyds Lake 2015 Non-suppression Fingerling 2.91 2,092 45.1929080 -116.16370556 
Black Lake 2016 Non-suppression Catchable 2.60 2,149 45.2453900 -116.19867000 
Rainbow Lake 2016 Non-suppression Catchable 8.78 2,175 45.2540600 -116.19663000 
Snowslide Lake #4  2015 Control n/a 4.86 2,188 44.9833739 -115.93431897 
Upper Hazard Lake 2015 Control n/a 15.84 2,265 45.1742372 -116.13500053 
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Table 3.  Abundance of wild Brook Trout Salvelinus fontinalis and MYY Brook Trout ≥100 mm sampled in study waters in Idaho 
during 2020. Estimates of abundance were calculated using a mark-recapture survey (MR). Also included are the 95% 
confidence estimates (CI) on abundance, the proportion of the population that is comprised of MYY Brook Trout, the 
number of fish removed from the system when annual suppression was conducted, the suppression rate, and capture 
efficiency. Capture efficiencies followed by * indicate that they were average capture efficiencies based on previous 
sampling years. 

 

Waterbody 
Sample 
method 

Wild 
Abundance 95% CI 

MYY 
Abundance 95% CI 

MYY 
Com-

position 

Number 
of fish 

removed 

Sup-
pression 

rate 
Capture 

efficiency 
Dry Creek MR 2,976 2,523 – 3,429 4,524 3,836 – 5,212 60% 2,288 77% 77% 
Pike’s Fork Creek MR 3,841 3,025 – 4657 12 9 – 14 <1% 1,778 46% 46% 
Martin Lake MR 501 - 25 - 5% 143 29% 24%* 
Seafoam Lake #4 MR 534 - 82 - 13% 221 41% 41%* 
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Table 4. The number of MYY Brook Trout Salvelinus fontinalis stocked into study waters in Idaho during 2020. Two sizes for MYY 
Brook Trout were stocked into study waters. Fingerlings averaged 126 mm (SE = 1) and catchable fish averaged 284 
mm (SE = 1). Additionally, the number of fish stocked divided by the total number of wild Brook Trout is included as an 
estimate of the stocking rate of MYY Brook Trout compared to the wild Brook Trout population. 

 

Waterbody Size Stocking date 
Number of 

fish stocked 

Mean 
length 
(mm) SE 

Mean 
weight 

(g) SE 
Stocking 

rate 
Dry Creek Fingerling 8/11/2020 4,326 116 1 23 1 1.45 
Pike’s Fork Creek Catchable 8/14/2020 735 281 2 270 6 0.19 
East Threemile Creek Catchable 8/19/2020 594 286 3 257 7 - 
East Fork Clear Creek Fingerling 8/17/2020 105 119 2 17 1 - 
Tripod Creek Fingerling 8/17/2020 6,938 119 2 17 1 - 
Martin Lake Fingerling 9/10/2020 787 144 2 32 1 1.57 
Seafoam Lake #4 Fingerling 9/10/2020 1,176 144 2 32 1 2.20 
Duck Lake Fingerling 8/4/2020 2,235 124 1 18 1 - 
Lloyds Lake Fingerling 8/4/2020 1,194 124 1 18 1 - 
Black Lake Catchable 8/4/2020 225 285 3 241 6 - 
Rainbow Lake Catchable 8/4/2020 758 285 3 241 6 - 
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Table 5.  Results of genetic sex ratio and genetic assignment analyses. Fry were sampled from study waters during 2020. Genetic 
sex and parental origin were then determined based on analysis of fin clips. Additionally, information on whether the 
system receives annual suppression to remove wild Brook Trout prior to stocking, and the size of the MYY fish that are 
stocked into the system. Fingerlings averaged 125 mm (SE = 1) and catchable fish averaged 263 mm (SE = 1). 

 

 
 
 
 
 
 

   Brook Trout fry sampled  MYY offspring (%)  Sex ratio (% male) 

Waterbody 
Stocking 

size Treatment Total 
Wild 

Males 
Wild 

Females 
MYY 

Offspring  Est. SE  Est. SE 
Dry Creek Fingerling Suppression 107 9 24 68  67 4  76 4 
Pike’s Fork Creek Catchable Suppression 80 37 40 3  4 6  50 2 
Martin Lake Fingerling Suppression 0 - - -  - -  - - 
Seafoam Lake #4 Fingerling Suppression 80 39 37 3  4 6  53 2 
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FIGURES 
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Figure 1.  Locations of study streams for MYY Brook Trout Salvelinus fontinalis field trials in 

Idaho. 
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Figure 2.  Locations of study lakes for MYY Brook Trout Salvelinus fontinalis field trials in 

Idaho. 
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Figure 3.  Length distributions of wild Brook Trout Salvelinus fontinalis and MYY Brook Trout 

sampled in Dry Creek and Pike’s Fork creeks, Idaho, during 2020. 
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Figure 4.  Length distributions of wild Brook Trout Salvelinus fontinalis and MYY Brook Trout 
sampled in Martin and Seafoam lakes, Idaho, during 2020.  
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ABSTRACT 

Because of their long-term listing under the Endangered Species Act, much interest has 
been placed on estimating population vital rates for Bull Trout Salvelinus confluentus, but the 
biotic and abiotic factors that influence the interannual variability in those vital rates have rarely 
been evaluated. We used mark-recapture data to estimate fish growth, survival, and trends in 
abundance for fluvial adult Bull Trout in the East Fork Salmon River, Idaho. Over an eight-year 
period, a total of 1,205 individual Bull Trout were collected at a weir 29 km upstream of the 
confluence of the East Fork Salmon River during June-September, of which 420 were recaptures 
from prior years. Bull Trout varied in length from 215-756 mm, and achieved a slightly larger 
asymptotic length (L∞) and a slightly lower rate of growth (K) relative to other fluvial and adfluvial 
Bull Trout populations. Apparent survival (𝛷𝛷�) averaged 0.42 across all years, which was similar 
to previous studies estimating 𝛷𝛷� for Bull Trout. The number of emigrating anadromous salmonid 
smolts in the upper Salmon River basin positively influenced East Fork Salmon River Bull Trout 
growth and survival, and survival was higher in years with lower annual discharge. Assessment 
of population growth via linear regression analysis indicated that the Bull Trout population was 
increasing during the study period (λ = 1.08; 95% confidence interval = 1.03-1.14). Our findings 
highlight the ecological link between abundance of wild and hatchery salmon and steelhead and 
growth and survival of Bull Trout in systems where these species occur in sympatry. 
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INTRODUCTION 

Bull Trout Salvelinus confluentus is a species of char native to western North America that 
has been listed as threatened by the United States Fish and Wildlife Service (USFWS) under the 
Endangered Species Act (ESA) since 1999 (USFWS 1999). Bull Trout are large compared to 
most salmonids, achieving lengths of 700-900 mm and weights of >10 kg, and they commonly 
live from 8 to 12 years (Sigler and Zaroban 2018). The diet of Bull Trout changes with age, with 
younger Bull Trout feeding on invertebrates and older Bull Trout tending to be piscivorous. Bull 
Trout typically mature at 4-7 years of age, with spawning occurring in autumn when water 
temperatures are below 9°C, primarily in headwater mountain streams. 

 
Understanding the viability of threatened or endangered fish populations, or assessing the 

effectiveness of management strategies or habitat restoration to conserve at-risk species, often 
requires knowledge of population dynamics such as growth, survival, and recruitment (Morris and 
Doak 2002). Not surprisingly, population vital rates have been estimated for Bull Trout numerous 
times, often using the recapture of marked fish to avoid lethal sampling (e.g., Al-Chokhachy and 
Budy 2008; Erhardt and Scarnecchia 2014; Harris et al. 2016; Hudson et al. 2019). However, 
most of this work has occurred where Bull Trout populations are relatively weak or vulnerable 
(USFWS 2008), with few estimates available from relatively healthy or strong populations (but 
see Beauchamp and Van Tassell 2001 and Erhardt and Scarnecchia 2014). Across their range, 
Bull Trout status varies dramatically (e.g., Rodtka 2009; Howell and Sankovich 2012; Eby et al. 
2014; Meyer et al. 2014). For example, in western Montana, recent trends in abundance for 
individual Bull Trout populations were significantly declining over six times more often than they 
were significantly increasing (Kovach et al. 2018). Bull Trout population trend data also suggests 
many Bull Trout populations are declining throughout Alberta, Canada (Rodtka 2009). 
Conversely, in Idaho, recent trends in individual populations were significantly increasing over 
four times more often than significantly declining (Meyer et al. 2014). Such variation in population 
trends, coupled with a diversity in life-history forms (reviewed in Dunham et al. 2008), suggests 
that vital rates such as survival and growth may also vary greatly across the range of Bull Trout. 
Even within individual salmonid populations, growth and survival can be expected to vary annually 
(Carline 2006; Bentley et al. 2012), though the biotic and abiotic factors that might influence such 
interannual variability in Bull Trout populations have rarely been evaluated.  

 
To gain a better understanding of the factors that might affect interannual variation in Bull 

Trout growth and survival, we used a Chinook Salmon Oncorhynchus tshawytscha weir on the 
East Fork of the Salmon River in Idaho to also sample fluvial adult Bull Trout as they migrated 
upstream to their spawning grounds. The specific objectives of the study were to use annual mark-
recapture data collected at the East Fork Salmon River weir to evaluate: 1) Bull Trout length 
structure, run timing, fish growth, and survival for this fluvial population; 2) the influence of various 
biotic and abiotic factors on interannual variation in Bull Trout survival and fish growth; and 3) 
population growth rate, in order to more thoroughly assess the status of this population.  

 
 

OBJECTIVES 

1. Evaluate the length structure, run timing, fish growth, and survival of Bull Trout in the East 
Fork Salmon River. 

 
2. Evaluate the influence of various biotic and abiotic factors on interannual variation in Bull 

Trout survival and fish growth. 
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3. Evaluate the population growth rate of Bull trout in the East Fork Salmon River.  
 
 

METHODS 

The East Fork Salmon River is a tributary of the Salmon River in central Idaho that is 
approximately 55 km long and drains an area of 1,400 km2. Discharge in the East Fork Salmon 
River typically varies from 19.5-43.3 m3/s. The underlying geology of the East Fork Salmon River 
is predominately comprised of the granitic Idaho batholith, resulting in a relatively unproductive 
aquatic environment (Sanderson et al. 2009). Land use in the lower portion of the East Fork 
Salmon River drainage is predominately agriculture, but the upper 25 km of river is relatively 
undisturbed by human use. In fact, three wilderness areas (i.e., Hemingway-Boulders Wilderness, 
White Clouds Wilderness, and Jim McClure-Jerry Peak wilderness) have been designated within 
the headwaters of the East Fork Salmon River. Additionally, no migration barriers exist within the 
Salmon River basin. Salmonid species present in the East Fork Salmon River include Bull Trout, 
Chinook Salmon, steelhead O. mykiss, Mountain Whitefish Prosopium williamsoni, and 
Westslope Cutthroat Trout O. clarkii lewisi. 

Field sampling 

Adult migratory Bull Trout were collected at an existing Idaho Department of Fish and 
Game (IDFG) velocity-barrier weir 29 km upstream of the mouth of the East Fork Salmon River 
(WGS84; 44.115538° -114.429777°) during June 6 –September 21 each year from 2007-2014. 
Due to the weir, migrating fish must ascend a side-channel fish ladder to navigate upstream. At 
the upstream end of the ladder is a trap where Bull Trout were captured and held for sampling. 
The weir and trap effectively captures all upstream migrating fish, except for any fry which might 
be able to pass through the trap box pickets. Fish were removed from the trap box with a dip net 
and placed into holding tanks. Fish placed in holding tanks were anesthetized using MS-222 (50 
mg/L) buffered with sodium bicarbonate. Once anesthetized, Bull Trout were checked for visible 
marks, scanned for a passive integrated transponder (PIT) tag, and measured for total length to 
the nearest millimeter. If a tag was not detected, fish were PIT tagged in the muscular tissue of 
the operculum with 12-mm full-duplex tags so that the tag was oriented parallel to the transverse 
plane of the fish, following Downs et al. (2006). Fish were then placed in fresh water and allowed 
to recover, after which they were released upstream of the weir.  

Environmental variables 

We evaluated the influence of several biotic and abiotic predictor variables on individual 
annual fish growth and on apparent survival (𝛷𝛷�). Average daily discharge (m3/s) for each water 
year (October 1-September 30) was obtained from the United States Geological Survey (gauging 
station 13307000) located on the Salmon River, Idaho, from which mean water-year discharge 
was calculated to describe the magnitude of the water year. Discharge in the East Fork Salmon 
River was not available, and Bull Trout that spawn in the East Fork Salmon River spend the 
majority of the year in other locations such as the main stem of the Salmon River or other 
tributaries (Schoby and Keeley 2011), thus the discharge in the upper Salmon River was used as 
an index of years with higher or lower streamflow. Discharge (termed Avgflow) was included as a 
predictor variable because streamflow has previously been documented to influence growth 
(Jensen and Johnsen 1999; Harvey et al. 2006; Teichert et al. 2010; Letcher et al. 2015; Uthe et 
al. 2019) and survival in salmonids (Al-Chokhachy and Budy 2008; Letcher et al. 2015; Richard 
et al. 2015; Howell et al. 2016; McCormick and High 2020). Low streamflow also has the potential 
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to limit salmonid populations by reducing habitat quantity and quality (e.g., Magoulick and Kobza 
2003), which may impact population survival.  

 
Water temperature was included as a predictor variable because the severity of both 

summer and winter water temperatures can affect salmonid growth (Selong et al. 2001; Armstrong 
and Nislow 2012; Letcher et al. 2015; Richard et al. 2015; Uthe 2019) and survival (Jakober et al. 
1998; Selong et al. 2001; Meyer et al. 2014; Letcher et al. 2015). Average summer (June-August; 
termed SummerTemp) and winter (December-February; termed WinterTemp) water temperature 
was sporadically available for the East Fork Salmon River during this study, but as mentioned 
above, adult Bull Trout are only in the East Fork Salmon River for a portion of the year. Therefore, 
as a general index of water temperature in the upper Salmon River basin, a thermograph was 
installed in the Salmon River at the Sawtooth Fish Hatchery (WGS84; 44.153378° -114.883750°). 
The thermograph malfunctioned three times, causing the loss of water temperature data for about 
5% of the duration of the study. When water temperature data were unavailable for a particular 
day, they were predicted from the relationship between air temperature data for Stanley, Idaho 
and the thermograph water temperature at the hatchery on the same day. Stanley air temperature 
data was obtained from the National Oceanic Atmospheric Administration Online Weather Data 
database (Stanley Area). The relationship between Stanley air temperature data and the 
thermograph water temperature data was estimated by fitting a simple linear regression model 
using both datasets. In the model, average daily Stanley air temperature was the explanatory 
variable and average daily thermograph water temperature was the response variable for all days 
in which both temperatures were available, and the resulting model explained 92% of the variation 
in Salmon River water temperature data obtained at the hatchery.  

 
The estimated total number of wild and hatchery juvenile anadromous smolts (i.e., 

Chinook Salmon, steelhead O. mykiss, and Sockeye Salmon O. nerka) in the upper Salmon River 
basin each year (termed Smolts) was included as a predictor variable to represent a general 
measure of Bull Trout food availability. Food availability affects the relative condition of Bull Trout, 
which in turn influences Bull Trout survival (Al-Chokhachy and Budy 2008). Juvenile salmon 
abundance was chosen as a measure of food availability because they seasonally make up a 
large portion of the diet of migratory Bull Trout in waters with anadromous fish (Furey et al. 2015; 
Lowery and Beauchamp 2015). The total number of Smolts present each year was derived from 
expanded estimates of salmon and steelhead emigration using juvenile fish traps and the total 
number of hatchery smolts releases throughout the upper Salmon River basin. Based on an 
earlier Bull Trout movement study (Schoby and Keeley 2011), the upper Salmon River basin was 
considered to include the Salmon River and all tributaries from the confluence of the North Fork 
Salmon River, Idaho, upstream to the headwaters of the Salmon River.  

 
For modeling purposes, Avgflow, WinterTemp, and Smolts were assumed to affect Bull 

Trout growth and survival during the same year. For example, Bull Trout growth and survival from 
the 2008 to the 2009 spawning run was assumed to have potentially been influenced by the mean 
daily discharge during the 2009 water year (i.e., October 1, 2008 to September 30, 2009), the 
winter 2008/2009 mean daily water temperature, and the total number of Smolts emigrating in the 
fall of 2008 and spring and summer of 2009. In contrast, SummerTemp was modeled with a one-
year lag, thus we assumed that summer water temperature in one year would affect growth and 
survival in the following year. Had we not lagged SummerTemp by one year, most (about 80%) 
of the Bull Trout in any given year would have already passed above the East Fork Salmon River 
weir (indicating that they survived that year) before even ½ of the SummerTemp data for that year 
had been collected.  
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The total number of Bull Trout sampled at the weir the prior year (termed PriorRunSize) 
was included as a predictor variable to evaluate whether increased run size in a particular year 
produced a density-dependent decline in growth or survival to the following year, as commonly 
occurs in fish populations (Johnston and Post 2009; Allen and Hightower 2010; Chudnow et al. 
2019). Water year (Time) was also included as a covariate to account for a year effect. 

Data analysis 

Fish growth was estimated by fitting Fabens modification of the von Bertalanffy growth 
(VBG) model (Fabens 1965) to length at recapture data for each fish class as:  

 
𝐿𝐿𝑟𝑟 =  𝐿𝐿𝑚𝑚 + (𝐿𝐿∞ − 𝐿𝐿𝑚𝑚)( 1−𝑒𝑒−𝐾𝐾(∆𝑇𝑇)) 

 
where 𝐿𝐿𝑟𝑟 is the length of the fish at recapture, 𝐿𝐿𝑚𝑚 is the length of the fish at first capture, 𝐿𝐿∞ is the 
theoretical maximum length a fish could achieve in the population, K is the growth coefficient, and 
∆𝑇𝑇 is the number of years that have passed between the initial capture and the recapture (Ogle 
et al. 2017). Evaluation of the factors that influenced annual Bull Trout growth increments in the 
East Fork Salmon River (see below) was conducted using simple linear regression models in 
which the response variable was the growth rate between capture events. The growth rate was 
calculated as the change in length between Lm and Lr divided by the amount of time between 
capture events. For the purpose of evaluating the factors that influence Bull Trout growth, only 
Bull Trout that were captured in one year and then recaptured in the subsequent year were 
included in the analysis. Simple linear regression models were evaluated in statistical package R 
(R Core Team 2019).  
 

Estimates of apparent survival (𝛷𝛷�) and recapture probability (�̂�𝑝) were calculated using 
Cormack-Jolly-Seber (CJS) models that were also evaluated in statistical package R, using the 
RMark function (Laake 2013) to interface with program Mark (White and Burnham 1999). 
Estimates of true survival could not be calculated because survival rate in these models is 
confounded with fidelity rate and the spawning frequency of the fish (Pine et al. 2012).  
Instead, apparent survival was estimated as: 
 

𝛷𝛷� =  
𝑀𝑀𝑖𝑖+1

𝑀𝑀𝚤𝚤� −  𝑚𝑚𝑖𝑖 +  𝑅𝑅𝑖𝑖
 

 
where 𝑀𝑀𝑖𝑖 is the number of marked Bull Trout at the start of sample i, 𝑚𝑚𝑖𝑖 is the number of marked 
Bull Trout caught in the ith sample, and 𝑅𝑅𝑖𝑖 is the number of Bull Trout caught in the ith sample 
that are tagged and released (Hayes et al. 2007). Recapture probability was estimated as: 
 

�̂�𝑝 =  
𝑚𝑚𝑖𝑖

𝑀𝑀𝚤𝚤�
 

 
where 𝑀𝑀𝑖𝑖 is as defined above and 𝑚𝑚𝑖𝑖 is the number of marked Bull trout caught in the ith sample. 
For the purpose of the CJS models, it was assumed that fish spawned and returned to the East 
Fork Salmon River annually. 
 

A priori growth and survival models included the following: (1) a null model; (2) all single 
factor models (i.e., Time, Avgflow, SummerTemp, WinterTemp, Smolts, and PriorRunSize); (3) a 
model including Avgflow and Smolts and the interaction between Avgflow and Smolts 
(Avgflow*Smolts); (4) a model including SummerTemp and WinterTemp; (5) a full model 
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containing all factors. The null model for the growth models included only the length of fish at 
capture (Lm). Similarly, the null model for the CJS models included no explanatory variables or 
Time (i.e., 𝛷𝛷� = [1]; �̂�𝑝[1]). For CJS models, �̂�𝑝 was allowed to vary by Time in all models except for 
the null model. Additionally, Lm was included as a covariate and Time was not included as a 
covariate in all the models evaluating factors that affected individual Bull Trout growth. When 
modeling the effects of the explanatory variables on both growth and survival, all continuous 
variables (i.e., Avgflow, SummerTemp, WinterTemp, Smolts, PriorRunSize, and Lm) were scaled 
so that the mean of a given explanatory variable was equal to zero and a one unit increase in the 
variable was equal to one standard deviation. Because the numeric ranges of continuous 
variables were vastly different, scaling these variables allowed each variable to contribute equally 
to the modeling analysis instead of allowing the variables with the largest values to mask the 
relationships of the variables with smaller values. All models including only one explanatory 
variable were included to directly evaluate the effect of a given predictor variable on Bull Trout 
growth or survival. The model containing Avgflow, Smolts, and Avgflow*Smolts was included 
because flow can regulate the availability of juvenile salmon and steelhead by influencing 
emigration speed (Smith et al. 2002) and predation efficiency through turbidity (Gregory and 
Levings 1998). Given the above-mentioned effect of water temperature on survival and growth, 
the model containing both SummerTemp and WinterTemp was included to investigate the effects 
of water temperature on Bull Trout growth and survival during the two time periods in which it is 
most likely to be a limiting factor. Finally, the model containing all the predictor variables was 
included to evaluate the possibility that Bull Trout growth and survival was influenced by a 
combination of all the predictor variables.  

 
Models constructed to evaluate factors influencing Bull Trout growth were compared using 

Akaike Information Criterion corrected for small sample size (AICc; Burnham and Anderson 2002). 
The top model was considered to be the model with the lowest AICc and any model within 2.0 
AICc of the top model was also considered to be a plausible model. Assessment of overdispersion 
was conducted by estimating the dispersion parameter ĉ by dividing Pearson’s residual deviance 
by the residual degrees of freedom from the most parameterized model. Models were then 
considered overdispersed when ĉ was greater than one.  

 
Models constructed to evaluate factors influencing Bull Trout survival (i.e., Cormack-Jolly-

Seber models) were compared using Quasi Akaike Information Criterion corrected for small 
sample size (QAICc), with the top model being the one with the lowest QAICc value (Burnham and 
Anderson 2002). Any model from the candidate set of models with a QAICc value within 2.0 of the 
top model was also considered a plausible model. Quasi Akaike Information Criterion corrected 
for small sample size was used because overdispersion was assessed for the models using the 
dispersion parameter ĉ and it was found to be greater than one (i.e., ĉ = 1.85), indicating that 
QAICc was more appropriate to use than AICc for model selection. The estimate of ĉ was 
calculated using a parametric bootstrapping procedure (Cooch and White 2019). Using statistical 
package R (R Core Team 2019), 1,000 data sets were simulated using the model in which Time 
was the only predictor variable for both 𝛷𝛷� and �̂�𝑝 (Cooch and White 2019). Each simulated dataset 
was then fit using the model with only Time as a predictor variable. The ĉ for each of the simulated 
data sets was then estimated by dividing the model deviance by the model degrees of freedom. 
Simulated ĉ was estimated by calculating the average ĉ across all 1,000 simulated datasets 
(simulated ĉ). The estimate of ĉ from the original dataset (sample ĉ) was also calculated by fitting 
the model with only Time as a predictor variable to the original dataset and then dividing the model 
deviance by the model degrees of freedom. The estimate of ĉ used to calculate QAICc of each 
model was calculated by dividing the sample ĉ by the simulated ĉ. 
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To analyze population growth rates (λ), weir count data were fitted with a linear regression 
model. The sample year was the independent variable and loge transformed weir counts of 
abundance were the dependent variable (Gerrodette 1987; Maxell 1999). The slope of the 
regression equals the intrinsic rate of change for the population (r), and once exponentiated, the 
slope of the line is equal to λ. The population was considered to be growing if λ >1 (Haddon 2011). 
Ninety-five percent confidence intervals (CIs) for λ were calculated based on the error surrounding 
the estimate of λ from the linear regression (i.e., 95% CI = 1.96 × SE).  

 
 

RESULTS 

A total of 1,205 individual Bull Trout was sampled at the weir on the East Fork Salmon 
River during 2007-2014, of which 420 were recaptured at least once during the study period. 
Catch of Bull Trout varied from a low of 165 fish in 2008 to a high of 314 in 2013, and averaged 
246 fish (SE = 20; Figure 1) per year. Bull Trout varied in length from 215-756 mm (Figure 2). 
Migrating prespawn Bull Trout passed the weir as early as June 7 and as late as September 11, 
but the spawning run typically peaked between July 1 and July 12. On average, 25% of the 
spawning run arrived by June 28, 50% arrived by July 6, and 75% arrived by July 14 (Figure 3). 
Of the 420 fish captured more than once, most were captured in two consecutive years (51%) or 
three consecutive years (26%) and then were never captured again, and 5% were observed in 
non-consecutive years. The maximum number of times a fish was observed was seven times; 
this occurred for four fish.  

 
The biotic and abiotic factors we measured for their potential influence on Bull Trout growth 

and survival were relatively consistent during our study (Table 1). Growth analysis indicated that 
the theoretical maximum length achieved in the population (L∞) was 877 mm, K was 0.14, and ∆𝑇𝑇 
was 1 year. Comparisons of models evaluating factors that influenced the growth of individual 
Bull Trout indicated that the model which included Smolts and Lm as the explanatory variables 
was the top model (AICc = 1868.2; df = 209; r2 = 0.19; Table 2). The next closest model was not 
within 2.0 AICc, and therefore not considered a top model. Based on parameter estimates for the 
top model, Bull Trout growth increased as Smolts increased, and decreased as Lm increased 
(Table 3).  

 
Model selection revealed that the top model for estimating apparent survival was the 

model in which Avgflow, Smolts, and Avgflow*Smolts were included as explanatory variables for 
𝛷𝛷�, and �̂�𝑝 was allowed to vary by Time (QAICc = 1345.3; Table 4). Parameter estimates from this 
model indicated that Bull Trout survival decreased as Avgflow increased and Smolts decreased; 
the interaction term Avgflow*Smolts had no effect on survival (i.e., 95% confidence intervals on 
the parameter estimates overlapped zero; Table 3). The next closest model included 
PriorRunSize as a lone predictor variable (QAICc = 1346.2) which indicated that Bull Trout survival 
increased as PriorRunSize increased. The models including Smolts (QAICc = 1346.3) and 
Avgflow (QAICc = 1347.2) as lone predictors were also considered top models (i.e., QAICc value 
within 2.0 of the top model), but the parameter estimates indicated the same relationship between 
Smolts and Avgflow as the top model. Based on the top model, 𝛷𝛷� varied from a low of 0.39 during 
2008-2009 to a high of 0.52 during 2009-2010 and 2012-2013, and averaged 0.42 (95% CI = 
0.39–0.44; Table 5). Recapture probability varied from a low of 0.79 during 2007-2008 to a high 
of 1.00 during 2011-2012. Over the course of the entire study period, recapture probability 
averaged 0.93 (95% CI = 0.90-0.96). Lastly, population growth rate analysis indicated that the 
fluvial Bull Trout population in the East Fork Salmon River was increasing during the study period 
(i.e., λ = 1.08, 95% CI = 1.03-1.14).  
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DISCUSSION 

Because of their long-term ESA listing, and their reputation as an indicator species of 
clean, cold water in relatively pristine lotic and lentic habitats, Bull Trout have been the subject of 
myriad studies over the past 20 years on their status, habitat requirements, and population 
dynamics. A by-product of these investigations has been the generation of vital rate estimates for 
Bull Trout across much of their range (Table 6), though prior to the present study, estimates of 
Bull Trout growth and survival in central Idaho have been lacking. Our results suggest that in the 
East Fork Salmon River, Bull Trout achieve a slightly larger asymptotic length (L∞) and a slightly 
lower rate of growth (K) relative to the other fluvial and adfluvial Bull Trout populations for which 
growth has been estimated using the Fabens modification to the VBG model. Direct comparison 
of growth parameters between the standard VBG model and Fabens modification may be 
inappropriate because the two methods do not have identical interpretations of the growth 
parameters (Francis 1988; Ogle et al. 2017). However, studies using both methods for Bull Trout 
have produced very similar VBG parameter estimates (Table 6). Taken collectively, there is a 
distinct negative correlation between L∞ and K for these individual Bull Trout populations 
(Pearson’s correlation coefficient, r = -0.65), as would be expected theoretically given the 
relationship between L∞ and K (Beverton and Holt 1959). The relatively unproductive underlying 
geology in the upper Salmon River basin (Sanderson et al. 2009) may explain the below-average 
rate of growth for adult Bull Trout in the East Fork Salmon River. However, growth studies in fluvial 
Bull Trout populations are generally lacking, and additional studies of growth in fluvial populations 
of Bull Trout would help better place our results in context with other populations across their 
range. 

 
While Bull Trout growth in the East Fork Salmon River differed from previous studies, 

estimates of apparent survival across years (mean 𝛷𝛷� = 0.42) were surprisingly similar to previous 
estimates for a variety of fluvial and adfluvial Bull Trout populations (e.g., Beauchamp and Van 
Tassell 2001; Al-Chokhachy and Budy 2008; Howell et al. 2016; Al-Chokhachy 2019; Hudson et 
al. 2019), which taken collectively have ranged from 0.35 to 0.47 and averaged 0.43. Apparent 
survival is an underestimate of true survival for Bull Trout because site fidelity and annual 
spawning rates are generally not 100% for this species (e.g., Rieman and Allendorf 2001; Barnett 
and Paige 2013), and fish that are actually alive but go undetected are recorded as mortalities, 
leading to underestimates of 𝛷𝛷�. Inclusion of subadult fish (i.e., fish <350 mm; Erhardt and 
Scarnecchia 2014) in our study could have biased our estimate of adult 𝛷𝛷 relative to other studies, 
assuming that survival differed between the two life stages (Rieman and Allendorf 2001). 
However, considering that subadults comprised only a small portion of the overall catch (i.e., 16 
fish, or 0.8% of all fish captures), it is unlikely their inclusion affected estimates of 𝛷𝛷. Estimates of 
absolute survival are rare for Bull Trout populations, but have been reported to be 0.54-0.66 in 
Lake Pend Oreille (Vidergar 2000; McCubbins et al. 2016). It may seem surprising that 𝛷𝛷� is so 
similar for relatively vulnerable (e.g., Howell et al. 2016; 𝛷𝛷� = 0.43) and relatively healthy (this 
study; 𝛷𝛷� = 0.42) Bull Trout populations, considering that adult survival is a primary factor in 
population growth rate (Morris and Doak 2002). However, population growth is a function not only 
of adult survival but also of juvenile survival, fish growth, longevity, age at maturity, and fecundity. 
In fact, previous studies have suggested that population growth in freshwater fisheries is 
particularly sensitive to changes in juvenile fish survival (Ng et al. 2016; Brauer et al. 2019).  

 
Our results suggest that the number of emigrating anadromous salmonid smolts—which 

have been documented to be a major food source for adult Bull Trout in central Idaho (Schoby 
and Keeley 2011), and the Chilko River, British Columbia (Furey et al. 2014)—positively 
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influenced both the growth and the survival of adult Bull Trout in the East Fork Salmon River. 
Moreover, in years with lower discharge, Bull Trout survival increased. Lower stream flow does 
slow emigration travel time for smolts and reduces turbidity (Gregory and Levings 1998; Notch et 
al. 2020), which inherently would benefit foraging success of piscivorous salmonids. However, 
the fact that the smolts × avgflow interaction term was not significant (i.e., the 95% CIs around 
the parameter estimate overlapped zero) suggests that lower stream flow was not altering Bull 
Trout foraging success, at least not over the range of flows that we observed. Nevertheless, 
foraging conditions for adult Bull Trout in central Idaho may become even more favorable as 
climate change continues to reduce the magnitude and duration of high streamflows during late-
spring to early summer (Mote et al. 2005) when the majority of smolt emigration occurs (e.g., 
Copeland and Venditti 2009; Trushenski et al 2019). However, given that the effects of climate 
change on coldwater ecosystems are somewhat unpredictable (Isaak et al. 2012), how climate 
change will affect adult Bull Trout survival and growth in central Idaho is a matter of conjecture 
(Lynch et al. 2016). Moreover, current annual smolt emigration from central Idaho, even including 
hatchery releases, is likely a fraction of historical abundance (Thurow et al. 2020), suggesting that 
forage availability for Bull Trout in the upper Salmon River basin has been greatly reduced for 
decades. Nevertheless, Bull Trout continue to thrive in the upper Salmon River basin and the rest 
of central Idaho (Meyer et al. 2014) for a variety of reasons, one of which is undoubtedly the 
immense numbers of hatchery smolts released in the basin (e.g., Sullivan 2018), with release 
time occurring before adult Bull Trout leave foraging areas for their annual spawning migration. 
Additionally, hatchery fish are generally more vulnerable to predation than are wild fish (reviewed 
by Weber and Fausch 1994). Our findings highlight the ecological linkage between salmon and 
steelhead smolts and adult Bull Trout that is likely present whenever these species are sympatric.  

 
The lack of an effect of SummerTemp, WinterTemp, and PriorRunSize on the individual 

growth and survival of fluvial adult Bull Trout returning each year to the East Fork Salmon River 
to spawn could be due to any number of reasons. First, while Bull Trout are among the most cold-
adapted of all aquatic vertebrates in central Idaho (Isaak et al. 2016), water temperatures remain 
particularly cold in the upper Salmon River basin, providing ideal rearing conditions for both 
juvenile and adult fish. Moreover, water temperature (both summer and winter) fluctuated the 
least of all biotic and abiotic factors we included in the present study, which may have prevented 
any water temperature effects on Bull Trout growth or survival from materializing. Second, the 
upper Salmon River basin is a highly connected riverscape (Schoby and Keeley 2011), which 
allows Bull Trout to seasonally select locations with the most favorable conditions for growth and 
survival. Such movement also diminishes the likelihood that a stationary water temperature 
thermograph will accurately characterize the actual temperatures experienced by adult Bull Trout 
occupying various tributaries and main stem reaches of the upper Salmon River basin. The lack 
of a density dependent effect on growth and the minimal effect on survival was not surprising 
given that (1) the Bull Trout population in the East Fork Salmon River was experiencing population 
growth during the study period, and (2) this population has been estimated to be below carrying 
capacity (Meyer et al. 2014).  

 
Our study contributes to the literature regarding the effects of biotic and abiotic factors 

affecting the growth and survival of adult fluvial Bull Trout, but additional studies are clearly 
needed to more fully identify factors limiting such vital rates under a variety of conditions and in 
populations exhibiting an array of life history strategies. While our analyses included several biotic 
and abiotic factors likely to influence Bull Trout populations, other environmental variables or 
species interactions which we did not consider may also play a role. Nevertheless, our findings 
provide evidence of a clear link between the abundance of wild and hatchery salmon and 
steelhead smolts and adult Bull Trout growth and survival where they co-exist; as such, future 
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studies of the factors affecting Bull Trout growth and survival with and without the co-existence of 
salmon and steelhead would be particularly useful.  

 
 

RECOMMENDATION 

1. Similar studies should be conducted for other Idaho Bull Trout populations to determine if 
the patterns observed in the current study hold true in other populations. 
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Table 1.  Summary statistics for continuous variables for use in models predicting the growth 
and survival of migratory Bull Trout in the East Fork Salmon River captured and 
subsequently recaptured at a weir (2007-2014). See text for covariate descriptions 
and model explanations. Standard deviations are shown in parentheses.  

 
Environmental variable Mean Minimum Maximum 
Avgflow (m

3
/s) 85.3 (14.6) 61.1 107.8 

PriorRunSize (number of fish) 246 (54.7) 165 314 
Smolts (millions of fish) 7.66 (0.8) 6.44 8.49 
SummerTemp (°C) 13.0 (0.7) 12.1 14.1 
WinterTemp (°C) 1.8 (0.2) 1.6 2.2 
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Table 2.  Simple linear regression models for predicting the growth of migratory Bull Trout in the East Fork Salmon River captured 
and subsequently recaptured at a weir (2007-2014). See text for covariate descriptions and model explanations. Also 
included are AICc values, ΔAICc, the number of parameters in the model (K), and model weights (wi).  

 
Model K AICc ΔAICc wi 
Smolts + Lm  4 1868.2 0.00 0.77 
Avgflow + Smolts + Avgflow*Smolts + Lm 6 1871.2 3.00 0.17 
Avgflow + PriorRunSize + Smolts + SummerTemp + WinterTemp + Lm 8 1875.5 7.34 0.02 
Lm 3 1877.5 9.33 0.01 
Avgflow + Lm 4 1877.6 9.39 0.01 
PriorRunSize + Lm 4 1877.6 9.47 0.01 
SummerTemp+ Lm 4 1877.8 9.66 0.01 
WinterTemp + Lm 4 1878.2 10.07 0.01 
SummerTemp + WinterTemp + Lm 5 1879.9 11.75 0.00 
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Table 3.  Parameter estimates from the top simple linear regression model (growth models) 
predicting the growth of migratory Bull Trout. Also included are parameter 
estimates from the top Cormack-Jolly-Seber models (survival models) predicting 
the apparent survival (𝛷𝛷�) and recapture probability (�̂�𝑝) of migratory Bull Trout. Fish 
were captured and subsequently recaptured at a weir on the East Fork Salmon 
River, Idaho (2007-2014). See text for covariate descriptions and model 
explanations. Ninety-five percent confidence intervals (95% CI) are also included. 

 
Parameter Estimate LCI UCI 

Top growth model 
Intercept 56.11 53.46 58.76 
Smolts 4.66 1.95 7.35 
Lm -7.77 -10.47 -5.07 

Top survival model 
𝛷𝛷�(Intercept) -0.06 -0.16 0.05 
𝛷𝛷�(Avgflow) -0.18 -0.30 -0.06 
𝛷𝛷�(Smolts) 0.14 0.05 0.22 
𝛷𝛷�(Avgflow)*(Smolts) -0.18 -0.37 0.02 
�̂�𝑝 (Intercept) 1.70 0.48 2.16 
�̂�𝑝 (2008 – 2009) 0.19 -0.48 1.76 
�̂�𝑝 (2009 – 2010) 0.29 -0.35 2.17 
�̂�𝑝 (2010 – 2011) 1.47 0.14 3.40 
�̂�𝑝 (2011 – 2012) 32.92 -15,543.13 15,603.20 
�̂�𝑝 (2012 – 2013) 1.67 0.65 3.44 
�̂�𝑝 (2013 – 2014) 15.32 -2,291.07 2,320.46 

Second-best survival model 
𝛷𝛷�(Intercept) -0.79 -1.37 -0.21 
𝛷𝛷�(PriorRunSize) 0.003 0.000 0.005 
�̂�𝑝 (Intercept) 1.11 0.37 1.85 
�̂�𝑝 (2008 – 2009) 0.65 -0.39 1.70 
�̂�𝑝 (2009 – 2010) 1.46 0.24 2.68 
�̂�𝑝 (2010 – 2011) 1.95 0.40 3.51 
�̂�𝑝 (2011 – 2012) 17.00 -27,491.02 2,783.11 
�̂�𝑝 (2012 – 2013) 2.31 0.96 3.66 
�̂�𝑝 (2013 – 2014) 2.66 -4.17 9.48 
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Table 4.  Cormack-Jolly-Seber models for estimating apparent survival (𝛷𝛷�) and recapture 
probability (�̂�𝑝) of migratory Bull Trout in the East Fork Salmon River captured and 
subsequently recaptured at a weir (2007-2014). See text for covariate descriptions 
and model explanations. Also included are QAICc values, ΔQAICc, the number of 
parameters in the model (K), and model weights (wi).  

 

 
 
  



 

49 

Table 5.  Estimates of apparent survival (𝛷𝛷�) and recapture probability (�̂�𝑝) of the top 
Cormack-Jolly-Seber model for migratory Bull Trout in the East Fork Salmon River 
captured and subsequently recaptured at a weir (2007-2014). The top model 
include Avgflow, Smolts, and Avgflow*Smolts as explanatory variables for 𝛷𝛷�, and 
�̂�𝑝 was allowed to vary by Time. See text for covariate descriptions and model 
explanations. Ninety-five percent confidence intervals (CIs) were also calculated 
for estimates of 𝛷𝛷� and �̂�𝑝. 

 
 𝜱𝜱�   𝒑𝒑� 
Time period Estimate CI  Estimate CI 

2007-2008 0.36 0.30-0.44 

 

0.85 0.67-0.94 

2008-2009 0.44 0.36-0.51 

 

0.87 0.74-0.94 

2009-2010 0.55 0.50-0.61 

 

0.96 0.74-0.95 

2010-2011 0.41 0.36-0.46 

 

0.96 0.86-0.99 

2011-2012 0.47 0.44-0.50 

 

1.00 0.00-1.00 

2012-2013 0.52 0.47-0.57 

 

0.97 0.90-0.99 
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Table 6.  Comparisons of parameter estimates from the standard von Bertalanffy growth 
(VBG) model and Fabens modification to that model for various populations of Bull 
Trout. For waterbodies, EF is East Fork, SF is South Fork, and NF is North Fork. 
Values followed by a * indicated the value is an average. 

 

 

Waterbody Life History L ∞ (mm) K Method Reference

EF Salmon River, Idaho Fluvial 877 0.14 Fabens This study

Lower Kananaskis Lake, Alberta Adfluvial 768* 0.19 Fabens Johnston and Post 2009

NF Clearwater River, Idaho Adfluvial 644 0.21 Fabens Earhardt and Scarnecchia 2013

SF Walla Walla River, Oregon and Washington Fluvial 624* 0.37* Fabens Harris et al. 2016
Lake Pend Oreille, Idaho Adfluvial 965 0.09 VBG Vidergar 2000
Lower Kananaskis Lake, Alberta Adfluvial 800 0.32 VBG Post et al. 2003
NF Clearwater River, Idaho Adfluvial 644 0.12 VBG Earhardt and Scarnecchia 2014
SF Walla Walla River, Oregon and Washington Fluvial 828* 0.10* VBG Harris et al. 2016
Lake Pend Oreille, Idaho Adfluvial 1,036*  0.10* VBG McCubbins et al. 2016
Chilko River, British Columbia Adfluvial 691 0.27 VBG Kanigan 2017
NF Lewis River, Washington Adfluvial 907 0.16 VBG Al-Chokhachy et al. 2019
Lewis River, Washington Adfluvial 907 0.15 VBG Hudson et al. 2019
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FIGURES 
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Figure 1.  The number of Bull Trout sampled at the East Fork Salmon River weir from 2007-
2014. Recaptured fish were Bull Trout sampled at the weir in previous years that 
had received a passive integrated transponder tag.  
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Figure 2.  Length distributions of Bull Trout sampled at the East Fork Salmon River weir at 

the time the fish was first observed (initial capture) and the last time the fish was 
observed (final recapture) during 2007-2014. Length data for fish that were only 
observed once were not included in final recapture data.  
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Figure 3.  Timing of Bull Trout sampled at the East Fork Salmon River weir in Idaho from 

2007-2014. Panel A includes the total number of Bull Trout sampled daily each 
year and the average number of Bull Trout sampled on a given day across all study 
years. Panel B include the total number of Bull Trout sampled on a given day over 
the course of the study. 
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ABSTRACT 

Native resident salmonids throughout North America have experienced population 
declines, and understanding factors that influence their current distribution and abundance may 
help conserve and manage such species. We examined the influence of several environmental 
factors on the current distribution and abundance of Westslope Cutthroat Trout Oncorhynchus 
clarkii lewisi, Bull Trout Salvelinus confluentus, and Mountain Whitefish Prosopium williamsoni in 
central Idaho. Because nonnative Brook Trout S. fontinalis often negatively influence native 
salmonids in the Pacific Northwest, they were also included in these analyses. Current fish 
distribution and abundance was based on snorkel survey data collected from 2007-2018. 
Generalized linear modeling results indicated that the distribution of Westslope Cutthroat Trout 
and Bull Trout was negatively influenced by Brook Trout abundance. Elevation negatively 
influenced Westslope Cutthroat distribution and density, but positively influenced Bull Trout, 
Mountain Whitefish, and Brook Trout distribution and density. Modeling results also indicated that 
predominant underlying bedrock type affected species distribution more than their abundance, 
with occupancy rate highest when the predominant underlying bedrock type was acid volcanic 
rock for Westslope Cutthroat Trout, carbonate for Bull Trout, shale for Brook Trout, and 
sedimentary for Mountain Whitefish. Stream width negatively influenced the density of Westslope 
Cutthroat Trout, Bull Trout and Brook Trout, and road density negatively influenced the occupancy 
of Westslope Cutthroat Trout and Mountain Whitefish. Results of this study suggest that the 
effects of landscape-level factors on sympatric salmonid species in central Idaho vary dramatically 
among taxa, highlighting that conditions appearing to benefit one species may concurrently hinder 
another. This makes multispecies ecosystem-based management and conservation steps more 
difficult to prioritize and implement.  
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INTRODUCTION 

Native resident salmonids throughout North America have experienced declines in 
distribution and abundance, including several species in the Pacific Northwest (Thurow et al. 
1997; Rieman et al. 2003). Such declines have resulted in petitions for listing under the US 
Endangered Species Act (ESA 1973, as amended) for many western native salmonid species 
including Bull Trout Salvelinus confluentus (USFWS 1999), Westslope Cutthroat Trout 
Oncorhynchus clarkii lewisi, and Mountain Whitefish Prosopium williamsoni (USFWS 2003, 
2007). In fact, seven western resident salmonids are currently listed as threatened by the United 
States Fish and Wildlife Service.  

 
Whether as a result of ESA listing or general conservation concerns, fisheries managers 

and various partners have developed recovery plans, multistate conservation agreements and 
strategies, and site-specific restoration efforts. However, for conservation actions to be effective 
they must be developed with a good understanding of factors contributing to the decline of the 
species. Most commonly, reductions in distribution and abundance of native salmonids 
throughout North America have been attributed to exotic species introductions, habitat alteration, 
and overharvest (e.g., Young 1995; Rieman et al. 2003). However, the effects of these and other 
potential limiting factors are often complex and can vary based on temporal or spatial 
characteristics of the population (Muhlfeld et al. 2015). For example, the distribution of native 
Redband Trout O. mykiss gairdneri in southwest Idaho includes both desert and montane 
environments. Desert streams are generally lower in gradient and elevation, contain smaller 
substrate, are less shaded by vegetation, have higher conductivity and summer water 
temperature, and contain fewer nonnative salmonids than montane streams. Thus it is not 
surprising that factors influencing the distribution and abundance of Redband Trout differ 
drastically between these two ecosystems (Meyer et al. 2010). As such, conservation strategies 
that might improve the status of native salmonids in one area may be ineffective in another, and 
consistent measures that work across broad scales may be difficult to identify. Unfortunately, little 
research has been done to date to identify landscape-scale factors influencing the distribution 
and abundance of native salmonids (but see Dunham and Rieman 1999; and D’Angelo and 
Muhlfeld 2013), especially for sympatric species that may respond differently to the same 
environment.  

 
Snorkel survey data collected by the Idaho Department of Fish and Game (IDFG) 

throughout central Idaho is one of the largest datasets ever collected to monitor the distribution 
and abundance of native salmonids (Schill et al. 2004). Initiated in the 1970s, this annual survey 
effort was initially designed to monitor juvenile salmon and steelhead abundance in the Salmon 
and Clearwater river basins of Idaho. However, data for non-anadromous salmonids are recorded 
as well, allowing descriptions of the distribution and abundance of resident salmonids across this 
broad geographic scale. The objective of this study was to identify landscape-level factors that 
appear to influence the contemporary distribution (hereafter occupancy) and abundance of native 
resident salmonids, including Westslope Cutthroat Trout, Bull Trout, and Mountain Whitefish. 
Additionally, because non-native Brook Trout S. fontinalis are present in these basins and often 
negatively influence native salmonids in western North America (Dunham et al. 2002; Kanda et 
al. 2002), Brook Trout were also included in these analyses. Although resident Redband Trout 
are also native to central Idaho, they are inseparable from their anadromous form (i.e., steelhead; 
Thurow et al. 2007), and thus were excluded from these analyses. 
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OBJECTIVE 

1. Identify landscape-level factors that appear to influence the contemporary distribution and 
abundance of resident salmonids (i.e., Westslope Cutthroat Trout, Bull Trout, Mountain 
Whitefish, and Brook Trout) in the Salmon and Clearwater river basins. 

 
 

METHODS 

Study area 

The current study incorporated data from the Clearwater and Salmon river basins of 
central Idaho (Figure 1). The Clearwater River originates in the Bitterroot Mountains and has a 
drainage area of approximately 25,000 km2 (IDFG 2019). Originating in the Sawtooth Mountains, 
the Salmon River has a larger drainage area of approximately 37,000 km2.  

Fish surveys 

Salmonid occupancy and abundance were assessed via daytime snorkel surveys 
conducted from 2007-2018 as part of the Natural Production Monitoring and Evaluation Program 
in Idaho. These surveys typically occurred from June to August each year. For sites sampled in 
multiple years, only the most recent survey was included in the current study. Snorkeling 
methodology followed those described in Thurow (1994). One or more snorkelers moved 
upstream or downstream visually observing all available habitat. Maximum underwater visibility 
at each site was measured prior to the snorkel survey. The measurement of maximum underwater 
visibility was then used to determine how many snorkelers were required to ensure that the 
distance between snorkelers did not exceed the visibility. Snorkel surveys were predominantly 
conducted in an upstream direction except on the rare occasions (approximately 10% of the 
surveys) when water velocities were too high or when the water was too deep for the snorkelers 
to survey in that direction. Each snorkeler recorded all observed fish, identified fish to species, 
and estimated length to the nearest 25 mm (total length). Snorkelers did not record any observed 
fish <50 mm due to difficulty in identifying those fish to species.  

Environmental variables  

Several site-level and landscape-level measurements were made, either in the field at the 
time of snorkeling, or later using a geographic information system (GIS), to characterize stream 
or watershed environmental conditions. During each field survey, instantaneous water 
temperature (°C) was recorded, and was included in our analyses because water temperature 
influences concealment behavior in salmonids (reviewed in Huusko et al. 2007) which directly 
alters the ability of snorkelers to observe fish present in the stream (O’Neal 2007). Stream width 
(m) at the site was estimated by averaging wetted width measurements collected every 10 m 
throughout the reach, and was included because stream size influences fish communities (Fausch 
et al. 1984). The total area (m2) surveyed at each site was included because as the area surveyed 
increases so does the likelihood that fish are encountered (Paller 1995). The abundance of Brook 
Trout was included as an explanatory variable because they often negatively affect native 
salmonid communities (Dunham et al. 2002; Kanda et al. 2002). 

 
Using GIS, elevation (m) at each site was estimated using a digital elevation model in 

ArcMap 10.6 (Environmental Systems Research Institute, Redlands, California); elevation was 
included in our analyses to account for the influence it has on stream-dwelling salmonids (Jowett 
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et al. 1996; Dunham and Rieman 1999; Rieman et al. 2006). Aspect at each site was included 
because it affects solar input, which can influence primary productivity in aquatic environments 
(Cassinelli et al. 2019) and thereby fish occupancy and abundance (Downing et al. 1990). The 
aspect of each surveyed site was determined using ArcMap 10.6 and was summarized into 
categories of North (0°-59° and 300°-359°), East/West (60°-119° and 240°-299°), and South 
(120°-239°). Underlying bedrock type was included because it influences the aquatic productivity 
of a waterbody (Sanderson et al. 2009); the predominant underlying bedrock type at each of our 
snorkel sites was estimated using the Idaho State Geologic Map at scale 1:750,000 (Lewis et al. 
2012) and was categorized as acid volcanic rock (rhyolite), basalt, carbonate, sedimentary 
(including alluvium, sandstone and quartzite), shale, and shield (metamorphic and plutonic rock; 
Suchet et al. 2003). Road density was included because western native trout are less likely to 
occur where there are roads near streams (Thurow et al. 1997), and because Brook Trout stocking 
and resulting invasion probability in western North America are generally higher in locations where 
roads have been established (Wenger et al. 2011). The 2019 Topologically Integrated Geographic 
Encoding and Referencing (TIGER) database (United States Census Bureau 2019) was used to 
map all the roads in Idaho. Road density was then estimated by summing the total km of road 
within 10 km2 (i.e., within a 1.78 km radius) of each survey site. The year of the survey was 
included to account for the potential synchronicity in abundance of sympatric stream-dwelling 
salmonids within years (Copeland and Meyer 2011). 

Statistical analysis 

Evaluation of factors affecting salmonid occupancy and abundance was conducted using 
generalized linear models. For each of the four species of interest, separate sets of models were 
constructed to evaluate factors affecting either occupancy or abundance. Occupancy models 
were developed using logistic regression with a dummy response variable of one if the species 
was present and zero if absent. Evaluation of factors affecting salmonid abundance was 
conducted by first converting fish count data into density estimates (i.e., fish/100 m2). Density 
estimates provide a measure of abundance in which fish count data is adjusted in terms of catch 
per unit effort, allowing for direct comparison between surveys. Using negative binomial 
regression, density models were then developed in which fish density was the response variable. 
Density models only included data from surveys in which the given species of interest was 
present.  
 

Ten a priori models were constructed to evaluate what factors influenced occupancy, 
including a null model, a model with all of the explanatory variables, and several reduced models. 
All reduced models contained three variables that we considered blocking factors—including the 
total area surveyed, instantaneous water temperature, and the year in which the survey 
occurred—plus one additional explanatory variable. An additional reduced model included all 
explanatory variables except Brook Trout density and road density. The density of Brook Trout 
was not included as a variable in Mountain Whitefish models because while salmonid habitat use 
is very plastic (e.g., McPhail and Baxter 1996; Maki-Petäys 1997), Mountain Whitefish and Brook 
Trout generally occupy vastly different habitat (Quist et al. 2004), and they are not known to 
directly compete for food or space in streams. To increase the comparability between variables, 
all continuous variables (i.e., survey area, water temperature at the time of the survey, Brook 
Trout abundance, elevation of the site, road density at the site, and the average wetted width of 
the site) were scaled (Schroeder et al. 1986). Variables were scaled so that the mean was equal 
to zero and a one unit increase in the variable was equal to one standard deviation. Because 
many of the variables were on vastly different scales, scaling allowed for each variable to 
contribute equally to the modeling analysis instead of allowing variables with the largest numeric 
values to mask relationships between the other variables and occupancy. 
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Models were compared using Akaike Information Criterion corrected for small sample size 

(AICc; Burnham and Anderson 2002). The top model was the model with the lowest AICc score, 
but any model with an AICc score within 2.0 of the top model was considered a plausible model. 
Overdispersion was assessed by dividing Pearson’s residual deviance by the residual degrees of 
freedom from the global model to calculate the dispersion parameter ĉ. Models were considered 
overdispersed when ĉ was greater than one. Overdispersed models were compared using Quasi 
Akaike Information Criterion corrected for small sample size (QAICc). Confidence intervals (95%) 
were also calculated for each parameter estimate via bootstrapping (Venables and Ripley 1999). 
Parameter estimates producing 95% CIs that did not overlap one were then considered influential. 

 
The same candidate models and methods were also used to evaluate which factors 

influenced density of salmonids in central Idaho. However, in density models the area surveyed 
was included as an offset to convert raw count data to density estimates, and therefore was not 
considered an explanatory variable. As with occupancy modeling, continuous variables were 
scaled, ninety-five percent confidence intervals were calculated by bootstrapping (Venables and 
Ripley 1999), and parameters were considered influential when 95% CIs did not overlap one. 

 
 

RESULTS 

Snorkel surveys 

During 2007-2018, 1,448 individual snorkel sites were surveyed in the Clearwater and 
Salmon river basins. Survey sites varied from 267 to 2,647 m (mean = 1,351 m) in elevation, 1 to 
60 m in mean wetted width (mean = 10 m), and 4 to 25°C (mean = 13°C) at the time of the snorkel 
survey. North was the most common aspect of sites (45%), but surveys were also conducted at 
sites in which the aspect was East/West (33%) and South (22%). The most common predominant 
underlying bedrock type at sites was shield (44%) followed by shale (20%), sedimentary (19%), 
basalt (9%), acid volcanic rock (6%), and carbonate (2%).  

 
Of the 1,448 sites surveyed, 1,109 contained at least one of the four species included in 

our study. Westslope Cutthroat Trout were observed at the most snorkel sites (n = 710), followed 
by Mountain Whitefish (n = 492), and Bull Trout (n = 362). Brook Trout were observed at 246 sites 
but were sympatric with at least one native salmonid at only 101 sites. Only 10 sites contained all 
four species. Average length of observed fish was similar between Westslope Cutthroat Trout 
(216 mm, SE = 1.6) and Bull Trout (239 mm, SE = 4.2), while Brook Trout had the smallest 
average length (164 mm, SE = 2.5) and Mountain Whitefish had the largest average length (284 
mm, SE = 2.2; Figure 2).  

 
Westslope Cutthroat Trout were more than twice as likely to occupy sites where Brook 

Trout were absent (0.53 occupancy rate) than sites where Brook Trout were present (0.25). This 
same pattern was observed for Bull Trout, which occupied 0.27 of the sites where Brook Trout 
were absent compared to 0.12 of the sites where Brook Trout were present. Mountain Whitefish 
occupancy was slightly higher for sites where Brook Trout were absent (0.35 occupancy rate) 
than at sites where Brook Trout were present (0.29 occupancy rate). Brook Trout had the lowest 
occupancy rate of all the species of interest (0.17). Across all 1,448 snorkel sites surveyed, mean 
density was highest for Westslope Cutthroat Trout (1.01 fish/100m2), followed by Brook Trout 
(0.51 fish/100m2), Mountain Whitefish (0.42 fish/100m2), and Bull Trout (0.18 fish/100m2). 
However, when considering only the sites actually occupied by individual species, mean density 
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was highest for Brook Trout (3.08 fish/100m2), followed by Westslope Cutthroat Trout (1.86 
fish/100m2), Mountain Whitefish (1.28 fish/100m2) and Bull Trout (0.76 fish/100m2).  

Factors affecting occupancy and density 

Westslope Cutthroat Trout  

The top occupancy model for Westslope Cutthroat Trout was the full model containing all 
parameters (Table 1). However, based on which parameters produced 95% CIs that did not 
overlap one (i.e., indicating a measureable effect), the most influential parameters affecting 
Westslope Cutthroat Trout occupancy were the survey area, predominant underlying bedrock 
type, and Brook Trout abundance at the site (Table 2). Based on the top model, for every 1,000 
m2 increase in survey area, Westslope Cutthroat Trout were 1.5 times more likely to be present 
(Table 2; Table 3). The probability of Westslope Cutthroat Trout occupancy was higher when the 
underlying bedrock type was acid volcanic rock (10.6 times), sedimentary (10.2 times), shield (9.6 
times), shale (7.0 times), and carbonate (4.0 times) than when the underlying bedrock type was 
basalt. Additionally, the occupancy rate of Westslope Cutthroat Trout declined by a factor of 0.4 
for every 1.0 fish increase in Brook Trout abundance.  
 

The top density model for Westslope Cutthroat Trout was also the full model containing 
all parameters (Table 4), but the only parameters producing 95% CIs that did not overlap one 
were the average width, elevation, and road density at the site (Table 5). These results indicated 
that Westslope Cutthroat Trout density decreased 0.9 times for every 1 m increase in the average 
width of the site, 0.6 times for every 1,000 m increase in the elevation of the site, and 0.8 times 
for every 100 km/10 km2 increase in road density (Table 3; Table 5). 

Bull Trout 

The top occupancy model for Bull Trout also was the full model containing all parameters 
(Table 1), but considering only the parameters producing 95% CIs that did not overlap one, the 
predominant underlying bedrock type, elevation, and Brook Trout abundance at the site were 
most influential (Table 2). Estimates for these parameters suggest that Bull Trout were 3.8 times 
more likely to occupy sites in which the underlying bedrock type was carbonate than sites in which 
the underlying bedrock type was basalt. Conversely, Bull Trout were less likely to occupy sites in 
which the underlying bedrock type was shale (0.3 times) and shield (0.5 times) than sites in which 
the underlying bedrock type was basalt. The likelihood that Bull Trout would occupy a site 
increased 4.8 times for every 1,000 m increase in site elevation (Table 2; Table 3). Conversely, 
Bull Trout were 0.3 times less likely to occupy a site for every 1.0 fish increase in Brook Trout 
abundance.  

 
The top model for Bull Trout density was also the model containing all explanatory 

variables (Table 4). Of the explanatory variables in the top model with parameter estimates that 
had 95% CIs not overlapping one, average width, predominant underlying bedrock type, and 
elevation of the site were most influential (Table 5). Estimates from the top model indicated that 
Bull Trout density increased 2.1 times for every 1,000 m increase in elevation at the site (Table 
3; Table 5). Bull Trout density was lower at sites in which the underlying bedrock type was 
sedimentary (0.4 times), and shield (0.4 times) than at sites in which the underlying bedrock type 
was basalt (Table 5). Density of Bull Trout was 0.9 times lower for every 1 m increase in average 
width of the site (Table 3; Table 5).  
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Brook Trout 

The top occupancy model for Brook Trout was the model containing all parameters (Table 
1), but predominant underlying bedrock type, elevation, and road density were the most influential 
of the variables, with parameter estimates in which 95% CIs did not overlap one (Table 2). Brook 
Trout were 3.0 times more likely to occupy sites in which the underlying bedrock type was shale 
than at sites in which the underlying bedrock type was basalt. Additionally, Brook Trout occupancy 
increased by 5.4 times for every 1,000 m increase in elevation at the site, and 2.8 times for every 
100 km/10 km2 increase in road density surrounding the site (Table 2; Table 3).  

 
Model selection indicated that the top model for Brook Trout density only included the 

blocking variables (i.e., survey area, water temperature, and survey year) and the width of the 
site (Table 4). Parameter estimates indicated that for every 1 m increase in average width of the 
site, Brook Trout density decreased by 0.8 times (Table 3; Table 5).  

Mountain Whitefish 

Like the other species, the top occupancy model for Mountain Whitefish was the model 
including all parameters (Table 1). Of the explanatory variables that had parameter estimates with 
95% CIs not overlapping one, water temperature, predominant underlying bedrock type, and 
average width of the site most influenced occupancy (Table 2). Probability of occurrence 
increased 1.2 times for every 1.0°C increase in water temperature at the time of the survey (Table 
2; Table 3). No Mountain Whitefish were observed when the predominant underlying bedrock type 
of the site was carbonate (Table 2). Conversely, Mountain Whitefish occupancy was higher at 
sites in which the underlying bedrock type was sedimentary (22.9 times), shale (13.2 times), 
shield (12.8 times), and acid volcanic rock (8.2 times) than at sites in which the underlying bedrock 
type was basalt. Parameter estimates also indicated that for every 1 m increase in average width 
of the survey site the likelihood of Mountain Whitefish occupancy increased by 1.2 times (Table 
2; Table 3).  

 
The top density model for Mountain Whitefish included only the blocking variables (i.e., 

survey area, water temperature, and survey year) and the elevation at the site (Table 4). Elevation 
was the only factor that had 95% CIs not overlapping one (Table 5), indicating that Mountain 
Whitefish density increased by 2.3 times for every 1,000 m increase in site elevation (Table 3; 
Table 5).  

 
 

DISCUSSION 

Although the three resident native salmonids included in our study remain relatively widely 
distributed and abundant in central Idaho, they are certainly not as widespread or as abundant as 
they were historically (e.g., Shepard et al. 2005). While many biotic and abiotic factors have 
contributed to the historical decline of resident native salmonids in the Pacific Northwest, our 
results focus on several broad-scale environmental factors that appear to be influencing their 
contemporary distribution and abundance. Not surprisingly, certain environmental conditions 
appear to benefit one species while hindering another, and rarely did we observe any particular 
factor affecting all species in a cohesive manner. 
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Westslope Cutthroat Trout 

Westslope Cutthroat Trout were the most widely distributed and abundant resident 
salmonid in the Clearwater and Salmon river basins at the snorkel sites surveyed for this study. 
They were more likely to be encountered in stream reaches in less roaded areas, with fewer Brook 
Trout, and underlain by acid volcanic rock and sedimentary rocks. They were least likely to be 
encountered in stream reaches underlain by basalt. In reaches where they were present, their 
density was higher at smaller, lower elevation stream reaches with lower road density. Underlying 
bedrock type has been linked to salmonid occupancy and density (Nelson et al. 1992) presumably 
because it influences stream morphology (Minshall 1985), substrate particle size (Connolly and 
Hall 1999), the productivity of the waterbody (Minshall 1985; Sanderson et al. 2009), and the 
availability of physical habitat (e.g., overhead cover, aquatic vegetation, and instream cover; 
Baxter and Hauer 2000), all of which can influence salmonid communities (Lanka and Hubert 
1987). With respect to Westslope Cutthroat Trout, lower occupancy rates in areas with basalt 
bedrock could be due to the fact that basaltic landscapes tend to produce systems with less 
complex drainage patterns and more migration barriers than landscapes developed on softer rock 
(Guy 2004), and both ecosystem complexity and riverscape connectivity have been shown to be 
important for Westslope Cutthroat Trout populations (Pierce et al. 2014). Additionally, basalt 
bedrock typically produces larger substrate sizes (lithic granules and pebbles rather than fine 
sand and silt; Kaufmann and Hughes 2006; Kaufmann et al. 2009), and substrate size ultimately 
influences reproductive success (Riebe et al. 2013). 

 
The negative influence that Brook Trout had on Westslope Cutthroat Trout occupancy in 

the central Idaho streams included in our study has also been observed for many other 
subspecies of Cutthroat Trout (reviewed in Dunham et al. 2002). Such impacts have often 
restricted Cutthroat Trout populations to small headwater streams where they are more protected 
from Brook Trout invasion (Shepard et al. 2005), but such locations (1) are challenging 
environments to achieve successful recruitment (Coleman and Fausch 2007), (2) restrict their 
historical fluvial life history due to habitat fragmentation and movement barriers (Schmetterling 
2000), and (3) are likely at the periphery of their historical elevational range and probably 
represent marginal habitat (Young 1995). In central Idaho, where Brook Trout distribution is 
relatively limited despite the fact that connectivity in these river basins remains largely intact, 
Westslope Cutthroat Trout were more abundant at lower elevation stream reaches, which likely 
follows a more historical pattern of higher density in more productive waters.  

 
Lower occupancy and density of Westslope Cutthroat Trout with increasing road density 

aligns with the reported negative effects of road density on salmonid populations (e.g., Dunham 
and Rieman 1999; Ripley et al. 2005; Muhlfeld et al. 2009), including for Westslope Cutthroat 
Trout (Valdal and Quinn 2011). Roads can negatively affect salmonid populations through 
sedimentation and habitat alteration (Dunham and Rieman 1999). Hybridization rates between 
Westslope Cutthroat Trout and nonnative populations of Rainbow Trout have also been reported 
to be positively related to the number of road crossings in a system (Muhlfeld et al. 2009), but in 
central Idaho, these species are both native and naturally sympatric, and they do not display the 
same pattern of hybridization (Kozfkay et al. 2007) as in areas where they do not naturally co-
occur (McKelvey et al. 2016). In this study, the negative influence of roads on Westslope Cutthroat 
trout could be underestimated because the database used to map roads in Idaho does not include 
recently closed or decommissioned roads. Although such roads are not actively in use, they likely 
still negatively affect salmonid communities through legacy effects of increased stream 
sedimentation, at least until vegetative regrowth can stabilize the soil (McCaffery et al. 2007). 
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Bull Trout 

Similar to Westslope Cutthroat Trout, higher Brook Trout abundance reduced the 
likelihood of encountering Bull Trout in stream reaches, but unlike Westslope Cutthroat Trout, it 
also negatively influenced Bull Trout density. The size structure of Bull Trout in the present study 
was similar to that of Brook Trout, meaning that not only were Bull Trout (in sympatry with Brook 
Trout) at risk of hybridization (Kanda et al. 2002) and lower reproductive fitness (Leary et al. 
1993), but they were also likely in direct competition for food and space (Rieman et al. 2006; 
McMahon et al. 2007), all of which can contribute to reductions in Bull Trout occupancy and 
abundance. The positive influence we observed between elevation and Bull Trout occupancy and 
density has been previously observed (Ripley et al. 2005; D’Angelo and Muhlfeld 2013), and is 
likely related to their particularly strong association with cold water temperatures (Selong et al. 
2001) which generally occur at higher elevation (Isaak et al. 2015).  
 

Bull Trout occupancy was higher at sites with basalt and carbonate bedrock and lower at 
sites with shale and shield bedrock and if they occupied a reach, their density was higher at sites 
with basalt than with sedimentary and shield bedrock. Their positive association with carbonate 
bedrock may simply be an artifact of sample site locations, since the few sites with carbonate 
bedrock are mostly in one drainage (Rapid River) where Bull Trout are thriving (Meyer et al. 2014); 
Bull Trout were not observed at sites in any other drainage with carbonate underlying bedrock 
type, though only five such sites were surveyed. While Westslope Cutthroat Trout occupancy was 
lower at sites with basalt bedrock compared to all other bedrock types, Bull Trout occupancy was 
highest in areas underlain with basalt bedrock. Harder bedrock such as basalt typically produce 
larger stream substrate material (Kaufmann and Hughes 2006; Kaufmann et al. 2009), and Bull 
Trout may be the only resident trout in central Idaho large enough to successfully construct redds 
in such substrate. Although as mentioned above, the size of Bull Trout observed by snorkelers 
was similar to that of other resident trout, but we likely observed mostly subadult Bull Trout. 
Spawning adult Bull Trout in central Idaho are much larger (Schoby and Keeley 2011; Erhardt 
and Scarnecchia 2014) and therefore are able to use substantially larger substrate particle size 
for spawning (Guzevich and Thurow 2017) than Cutthroat Trout (Magee et al. 1996) and Brook 
Trout (Witzel and Maccrimmon 1983).  

Brook Trout 

In this study, the abundance of Brook Trout was included primarily as a predictive variable 
because of their aforementioned tendency to limit the persistence and abundance of native 
salmonids in western North America (Dunham et al. 2002; Rieman et al. 2006). However, 
developing occupancy and density models with Brook Trout as a response variable can also be 
useful for native salmonid conservation. Because Brook Trout so often eventually extirpate 
western native salmonids once they do become established, and preventing Brook Trout from 
colonizing new waters is more likely to promote native salmonid conservation than minimizing 
Brook Trout abundance (Dunham et al. 2002; Rieman et al. 2006), we consider the occupancy 
modeling results to be more useful than density modeling results.  

 
We found that in central Idaho streams, Brook Trout were most likely to be found in smaller 

streams with higher levels of road development and shale rather than basalt as the underlying 
bedrock. As highlighted above, the negative relationship between Brook Trout and basalt bedrock 
could be due in part to basalt bedrock generally producing (1) less suitable spawning substrate 
particle size, (2) less suitable physical habitat (Baxter and Hauer 2000), or (3) more natural 
migration barriers that would hinder the ability of Brook Trout to colonize new stream reaches 
(Dunham et al. 2002; Guy 2004). Regardless of whether spawning or physical stream habitat is 
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less suitable for Brook Trout in basaltic areas, our results suggest that habitat requirements in 
general are better met for Brook Trout in smaller streams, as has been observed in previous 
studies (Kozel and Hubert 1989). The positive association between Brook Trout occupancy and 
road development may in part be a legacy effect since Brook Trout stocking in central Idaho 
streams ceased by 1980 (IDFG, unpublished data).  

Mountain Whitefish 

Mountain Whitefish occupancy in central Idaho was associated with wider but higher-
elevation stream reaches, and elevation also positively influenced their density. The positive 
relationship we observed between elevation and the occupancy and density of Mountain Whitefish 
conflicts with results obtained from streams in southern Idaho (Meyer et al. 2009), northern Utah 
(Sigler 1951), and eastern Oregon (Torgersen et al. 2006). Meyer et al. (2009) speculated that 
there may a latitudinal shift in occupancy of small headwater streams by Mountain Whitefish in 
southern versus northern populations caused by differences in channel geomorphology, water 
temperature, migratory life history patterns, or other physiochemical or behavioral factors, though 
this has not been formally evaluated.  

 
As pointed out by Meyer et al. (2009), Mountain Whitefish continue to remain an 

afterthought for most fisheries research and management programs in western North America. 
Consequently, the understanding of biotic and abiotic factors that may be limiting the 
contemporary distribution and abundance of Mountain Whitefish pales in comparison to the 
knowledge base established for most other native salmonids in western North America. While it 
is interesting that the negative association we observed between Mountain Whitefish occupancy 
and basalt bedrock was equivalent to that of Westslope Cutthroat Trout but opposite that of Bull 
Trout, the lack of information on Mountain Whitefish fish-habitat relationships makes it difficult to 
speculate on a causative effect. Additional research is clearly needed on all aspects of Mountain 
Whitefish biology and conservation in a variety of riverine conditions to better understand the 
factors influencing their present-day occupancy and abundance across western North America.  

Environmental Variables 

A number of environmental variables included in our analyses—most notably aspect, 
water temperature, and survey year—had little to no apparent effect on the distribution and 
density of the resident salmonids we monitored. Aspect affects solar input to aquatic 
environments and therefore can influence both primary productivity (Downing et al. 1990) and 
water temperature. In alpine lakes, where solar input may strongly influence primary production, 
it is assumed that aspect therefore influences fish production (e.g., Rabe 2001), but the few 
studies conducted to date to evaluate this assumption have not documented any such relationship 
(e.g., Cassinelli et al. 2019). In coldwater streams, where primary productivity is driven more by 
allochthonous input than autochthonous production (Vannote et al. 1980), aspect is more likely to 
influence water temperature than stream productivity, which suggests that of the species we 
included in our study, aspect may be most likely to influence Bull Trout occupancy. In fact, Rich 
(1996) found that Bull Trout occupancy was more likely in northern rather than southern aspect 
streams in the upper Bitterroot River and assumed this was related to thermal regime differences; 
however, we found no such relationship.  

 
Water temperature measurements in the present study were based on a single 

measurement at the time of the snorkeling survey and therefore did not represent the thermal 
regime that fish experienced in the waterbody over the course of the year. Rather, water 
temperature was predominantly included as a blocking factor to account for fish detectability 
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(O’Neal 2007), which surprisingly was little affected by temperature over the range (4-25°C) we 
observed. Likewise, including survey year as a blocking factor allowed occupancy and density 
models to account for the annual variability and synchronicity among salmonid populations 
(Copeland and Meyer 2011), although this also explained little of the variation in resident salmonid 
occupancy and density that we observed. 

 
We did not include a number of landscape characteristics that have been documented to 

influence the distribution and density of resident stream-dwelling salmonids, such as conductivity 
(Scarnecchia and Bergersen 1987), land use (Wang 2003), stream gradient (Meyer et al. 2009), 
and stream flow (Baxter and Hauer 2000). In addition, we did not include local physical habitat 
features, which were not measured at the time of the surveys. However, it is well documented 
that salmonid density in streams is influenced by numerous factors at a variety of scales (Hawkins 
et al. 1993), from microhabitat suitability such as preferred depths, velocities, and substrates 
(Kozel and Hubert 1989; Watson and Hillman 1997; Al-Chokhachy and Budy 2007) to broad-scale 
measurements such as those included in our study. While we recognize that our analyses 
included only some of the environmental characteristics that may influence the distribution and 
density of stream-dwelling salmonids, our goal was to focus on a subset of readily available 
landscape-level factors and not every factor that could potentially influence salmonid 
communities.  

 
 

CONCLUSIONS 

Resource partitioning by naturally co-occurring salmonids in stream environments can 
occur at small scales within the same stream reaches (e.g., Nakano et al. 1992) or across entire 
riverscapes as taxa segregate along longitudinal gradients (Quist et al. 2004; Torgersen et al. 
2006). Based on the findings of these and other previous studies, it was not surprising that the 
relationships we observed between habitat and watershed features and the occupancy and 
density of salmonids in central Idaho streams differed among species. Despite such differences, 
some general patterns between environmental and biological parameters still emerged. First, of 
the environmental factors that we measured, predominant underlying bedrock type was one of 
the most important factors influencing the occupancy of resident salmonids in central Idaho, yet 
bedrock type had little influence on their density. This suggests that bedrock type influences 
habitat features that affect a species’ ability to persist or fulfill a component of a complex life-
history strategy in streams (such as spawning or overwinter habitat) more so than features that 
affect their density (such as pool volume or habitat complexity). Surprisingly little research has 
been conducted on the direct effects of bedrock type on fish occupancy and density, and further 
research would help establish stronger links between bedrock type and fish ecology. Second, site 
elevation and stream width were commonly related to both the occupancy and density of resident 
salmonids, suggesting that the physical size (and perhaps slope) of the stream plays a primary 
role in controlling resident salmonid populations. Third, Brook Trout negatively influenced 
Westslope Cutthroat Trout occupancy and Bull Trout occupancy and density, reinforcing 
numerous studies that have already demonstrated various pathways through which Brook Trout 
threaten the persistence of native salmonids in western North America. However, their relative 
scarcity in the study area, and the difficulty of successfully eradicating them from streams 
(Thompson and Rahel 1996), makes broad-scale Brook Trout removal efforts unjustified for 
central Idaho. Finally, road density negatively influenced Westslope Cutthroat Trout occupancy 
and abundance but positively influenced Brook Trout occupancy, suggesting that restoration of 
habitat impaired by roads could potentially improve the status of Cutthroat Trout in central Idaho 
streams and hinder further Brook Trout colonization (Pierce et al. 2013). However, it should be 
noted that central Idaho is currently a particularly large and intact stronghold for resident native 
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salmonids (e.g., Meyer et al. 2014; Kennedy et al. 2015), and is likely to remain so into the 
foreseeable future, even in the face of climate change (Isaak et al. 2015). Although not included 
in the current study, land use likely plays an important role in the occupancy and density of native 
salmonids in Idaho. Therefore, future studies evaluating the effects of land use on these species 
at a large spatial scale are warranted.  
 
 

RECOMMENDATIONS 

1. When prioritizing restoration work targeted at increasing the distribution or abundance of 
native resident salmonids in Idaho, managers should focus on reducing the effects of 
roads and removing Brook Trout populations. 
 

2. Field crews should start collecting conductivity and predominate substrate data at all 
sampling locations so that the effects of these factors on resident native salmonids can be 
evaluated in the future. 
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Table 1.  Top logistic regression models for predicting the occupancy of salmonid species 
based on snorkel surveys conducted in the Clearwater and Salmon river basins, 
Idaho (2007-2018). Also included are AICc values, Δ AICc, the number of 
parameters in each model (K), and the model weight (wi). Species names followed 
by * indicated that Quasi Akaike Information Criterion corrected for small sample 
size (QAICc) was used for model selection. See methods for variable descriptions. 

 

 
  

Model K AICc ΔAICc wi

Area + Temp + Year + Aspect + Brook + Elevation + Bedrock + Road + Width 25 1476.0 0.00 1.00
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1512.2 36.23 0.00

Area + Temp + Year + Aspect + Brook + Elevation + Geo + Road + Width 25 1435.3 0.00 1.00
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1468.7 33.45 0.00

Area + Temp + Year + Aspect + Brook + Elevation + Geo + Road + Width 24 1076.9 0.00 1.00
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1128.1 51.28 0.00

Area + Temp + Year + Aspect + Brook + Elevation + Geo + Road + Width 24 1272.3 0.00 0.57
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1272.9 0.53 0.43

Westslope Cutthroat Trout*

Bull Trout

Brook Trout

Mountain Whitefish
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Table 2.  Parameter estimates from top logistic regression models predicting the occupancy 
of various salmonid species in the Clearwater and Salmon river basins, Idaho. 
Parameter estimates and 95% confidence (95% CI) intervals have been 
exponentiated to increase interpretability. See methods for complete variable and 
model descriptions. Estimate values with a – indicate that the given variable was 
not included in the top model. 

 

 
  

Parameter Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI
Intercept 0.11 0.05 - 0.26 0.42 0.18 - 0.93 0.10 0.04 - 0.22 0.06 0.02 - 0.17
Area 1.54 1.10 - 2.22 1.09 0.86 - 1.39 1.30 0.83 - 1.89 1.84 1.19 - 2.84
Temp 1.11 0.97 - 1.27 0.81 0.69 - 0.95 1.34 1.13 - 1.59 1.87 1.59 - 2.22
Year (2008) 1.08 0.49 - 2.38 1.92 0.85 - 4.55 1.01 0.43 - 2.35 0.69 0.28 - 1.70
Year (2009) 2.05 0.91 - 4.72 2.34 0.97 - 5.86 0.19 0.04 - 0.67 0.21 0.07 - 0.59
Year (2010) 1.71 0.80 - 3.73 0.71 0.30 - 1.71 1.15 0.47 - 2.78 0.67 0.28 - 1.63
Year (2011) 0.52 0.24 - 1.12 2.58 1.17 - 5.98 0.75 0.30 - 1.85 0.67 0.28 - 1.62
Year (2012) 1.28 0.62 - 2.70 2.05 0.94 - 4.68 1.85 0.89 - 3.90 0.59 0.26 - 1.39
Year (2013) 3.85 1.74 - 8.81 1.88 0.83 - 4.42 0.08 0.01 - 0.33 0.95 0.39 -  2.38
Year (2014) 0.77 0.35 - 1.72 1.33 0.57 - 3.18 0.54 0.22 - 1.29 0.74 0.29 - 1.88
Year (2015) 1.53 0.55 - 4.28 1.53 0.50 - 4.55 2.59 0.86 - 7.71 0.26 0.07 - 0.88
Year (2016) 0.84 0.36 - 2.00 0.40 0.13 - 1.15 0.48 0.15 - 1.37 0.41 0.15 - 1.13
Year (2017) 0.82 0.38 - 1.80 0.96 0.41 - 2.34 1.06 0.47 - 2.40 1.01 0.43 - 2.44
Year (2018) 0.85 0.44 - 1.72 1.11 0.54 - 2.42 1.08 0.54 - 2.18 0.86 0.41 - 1.89
Bedrock (carbonate) 4.00 1.32 - 11.64 3.75 1.31 - 11.08 0.98 0.05 - 5.92 0.00 0.00 - 0.00
Bedrock (acid volcanic rock) 10.64 4.93 - 23.65 0.47 0.21 - 1.07 0.68 0.23 - 1.90 8.16 2.80 - 25.15
Bedrock (sedimentary) 10.15 5.43 - 19.75 0.77 0.41 - 1.50 1.58 0.76 - 3.45 22.92 9.77 - 59.35
Bedrock (shale) 6.95 3.80 - 13.26 0.30 0.15 - 0.59 3.01 1.51 - 6.33 13.22 5.75 - 33.66
Bedrock (shield) 9.56 5.27 - 18.12 0.47 0.25 - 0.89 1.26 0.61 - 2.76 12.82 5.61 - 32.51
Aspect (EW) 0.97 0.74 - 1.27 0.75 0.55 - 1.01 0.99 0.69 - 1.43 0.97 0.71 - 1.34
Aspect (S) 1.12 0.82 - 1.52 0.77 0.54 - 1.09 1.03 0.68 - 1.54 0.67 0.45 - 0.97
Elevation 0.74 0.63 - 0.87 2.11 1.74 - 2.56 2.24 1.83 - 2.75 1.27 1.06 - 1.53
Width 1.10 0.81 - 1.48 1.38 1.06 - 0.54 0.52 0.33 - 0.81 3.44 2.37 - 5.09
Brook Trout 0.73 0.64 - 0.83 0.64 0.54 - 0.76 - - - -
Road density 0.75 0.65 - 0.87 0.84 0.71 - 1.00 1.94 1.62 - 2.34 0.87 0.73 - 1.03

Westslope Cutthroat 
Trout Bull Trout Brook Trout Mountain Whitefish



 

77 

Table 3.  Mean and one standard deviation of continuous variables scaled for use in models 
predicting occupancy and density of various salmonid species. Standard 
deviations are included in parenthesis. Data were collected via snorkel surveys 
(2007-2018) in the Clearwater and Salmon river basins, Idaho, and geographic 
information systems analysis. See methods for complete variable descriptions. 

 

 
  

Parameter
Westlope 

Cutthroat Trout Bull Trout Brook Trout
Mountain 
Whitefish

Area (m) 945 (1,019) 945 (1,019) 945 (1,019) 945 (1,019)
Temperature (oC) 13.0 (3.4) 13.0 (3.4) 13.0 (3.4) 13.0 (3.4)
Brook Trout abundance 0.2 (0.4) 0.2 (0.4) 0.2 (0.4) 0.2 (0.4)
Elevation (m) 1351 (475) 1351 (475) 1351 (475) 1351 (475)
Road density (km/10km2 73 (64) 73 (64) 73 (64) 73 (64)
Width (m) 10 (8) 10 (8) 10 (8) 10 (8)

Temperature (oC) 13.3 (3.2) 12.1 (3.2) 13.1 (2.9) 14.5 (3.0)
Brook Trout abundance 0.4 (2.2) 0.4 (2.2) - -
Elevation (m) 1,298 (394) 1,521 (413) 1,567 (450) 1,296 (429)
Road density (km/10km2 59 (61) 57 (56) 103 (62) 62 (61)
Width (m) 12 (9) 10 (7) 7 (5) 16 (10)

Density

Occupancy
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Table 4.  Top negative binomial regression models for predicting the density of salmonid 
species based on snorkel surveys conducted in the Clearwater and Salmon river 
basins, Idaho (2007-2018). Also included are AICc values, ΔAICc, the number of 
parameters in each model (K), and the model weight (wi). Species names followed 
by * indicated that Quasi Akaike Information Criterion corrected for small sample 
size (QAICc) was used for model. See methods for variable descriptions. 

 

 
  

Model K AICc ΔAICc wi

Area + Temp + Year + Aspect + Brook + Elevation + Bedrock + Road + Width 25 4368.2 0.00 0.61
Null 2 4369.4 1.18 0.34

Area + Temp + Year + Aspect + Brook + Elevation + Bedrock + Road + Width 25 1804.6 0.00 0.82
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1807.6 3.00 0.18

Area + Temp + Year + Width 15 1420.9 0.00 0.75
Area + Temp + Year + Aspect +  Elevation + Bedrock + Width 23 1423.7 2.81 0.19

Area + Temp + Year + Aspect + Elevation 15 3123.9 5.19 0.92
Area + Temp + Year + Aspect + Brook + Elevation + Bedrock + Road + Width 23 3129.1 9.97 0.07

Westslope Cutthroat Trout*

Bull Trout

Brook Trout*

Mountain Whitefish*



 

79 

Table 5.  Parameter estimates from top regression models predicting the density of various 
salmonid species in the Clearwater and Salmon River basins, Idaho. Parameter 
estimates and 95% confidence intervals (95% CI) have been exponentiated to 
increase interpretability. See methods for complete variable explanations. 
Estimate values with a – indicate that the given variable was not included in the 
top model. 

 

 
 
 

Parameter Estimate 95% CI Estimate 95% CI Estimate 95% CI Estimate 95% CI
Intercept 0.02 0.01 - 0.05 0.02 0.01 - 0.05 0.04 0.02 - 0.06 0.04 0.02 - 0.07
Temp 0.94 0.86 - 1.03 0.98 0.86 - 1.11 1.55 1.32 - 1.82 1.10 0.99 - 1.23
Year (2008) 0.46 0.24 - 0.83 0.19 0.09 - 0.40 0.64 032 - 1.31 0.14 0.07 - 0.28
Year (2009) 0.99 0.54 - 1.76 0.66 0.29 - 1.47 0.68 0.20 - 3.57 0.26 0.12 - 0.56
Year (2010) 0.95 0.53 - 1.65 0.49 0.22 - 1.05 0.36 0.17 - 0.79 0.28 0.15 - 0.51
Year (2011) 0.70 0.38 - 1.26 0.37 0.17 - 0.75 0.19 0.08 - 0.45 0.16 0.08 - 0.30
Year (2012) 0.58 0.32 - 1.01 0.39 0.19 - 0.77 0.71 0.39 - 1.26 0.43 0.23 - 0.78
Year (2013) 1.18 0.66 - 2.04 0.34 0.16 - 0.69 0.26 0.05 - 2.39 0.32 0.16 - 0.60
Year (2014) 0.58 0.30 - 1.09 0.34 0.16 - 0.72 0.64 0.30 - 1.50 0.11 0.05 - 0.22
Year (2015) 0.71 0.35 - 1.41 0.54 0.24 - 1.23 1.06 0.48 - 2.62 0.29 0.13 - 0.67
Year (2016) 0.31 0.16 - 0.60 0.20 0.08 - 0.51 0.43 0.17 - 1.36 0.18 0.08 - 0.40
Year (2017) 0.34 0.18 - 0.62 0.30 0.13 - 0.65 0.68 0.34 - 1.37 0.28 0.14 - 0.54
Year (2018) 0.48 0.27 - 0.81 0.45 0.22 - 0.89 0.37 0.21 - 0.62 0.29 0.16 - 0.50
Bedrock (carbonate) 0.60 0.24 - 1.58 1.40 0.72 - 2.74 - - - -
Bedrock (acid volcanic rock) 0.75 0.40 - 1.34 0.67 0.36 - 1.23 - - - -
Bedrock (sedimentary) 0.82 0.48 - 1.36 0.44 0.26 - 0.74 - - - -
Bedrock (shale) 0.81 0.47 - 1.34 0.53 0.36 - 1.23 - - - -
Bedrock (shield) 0.89 0.52 - 1.46 0.44 0.27 - 0.72 - - - -
Aspect (EW) 0.89 0.74 - 1.06 0.82 0.65 - 1.05 - - - -
Aspect (S) 0.96 0.79 - 1.16 1.10 0.83 - 1.45 - - - -
Elevation 0.82 0.74 - 0.91 1.61 1.35 - 1.91 - - 1.43 1.28 - 1.61
Width 0.44 0.40 - 0.48 0.52 0.44 - 0.60 0.42 0.36 - 0.49 - -
Brook Trout 0.96 0.89 - 1.04 0.85 0.74 - 0.96 - - - -
Road density 0.86 0.79 - 0.94 0.95 0.84 - 1.08 - - - -

Westslope Cutthroat 
Trout Mountain WhitefishBull Trout Brook Trout
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Figure 1.  Map of the Clearwater and Salmon river basins, Idaho, including major tributaries. 

Dots represent locations where snorkel surveys were conducted during 2007-
2018. For waterbodies, MF is Middle Fork, NF is North Fork, and SF is South Fork. 
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Figure 2.  Length frequency distributions of Westslope Cutthroat Trout (n = 3,057), Bull Trout 

(n = 857), Brook Trout (n = 824), and Mountain Whitefish (n = 2,021) sampled via 
snorkeling surveys in the Clearwater and Salmon river basins, Idaho (2007-2018). 
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ABSTRACT 

In western North America, nonnative Brook Trout Salvelinus fontinalis frequently threaten 
native salmonids via competition and hybridization, so fisheries managers often implement 
eradication programs for conservation purposes. In conjunction with such programs, managers 
often construct population models to evaluate the effects of different management strategies 
designed to control the undesirable population, but such models require demographic data (e.g., 
age, growth, sex ratios, and survival), which is lacking for western Brook Trout populations. Brook 
trout were sampled from 12 alpine lakes and two streams in Idaho, with total length varying from 
80-380 mm and age varying from 1-11 yrs. Across all waters, the von Bertalanffy growth 
parameters 𝐿𝐿∞ varied from 231-490 mm (mean = 345 mm) and K varied from 0.15-0.76 (mean = 
0.37). Survival estimates, constructed from age-length keys, were corrected for streams with 
mark-recapture data; for alpine lakes, corrections were made via gill net selectivity data. Survival 
varied from 0.30-0.56 (mean = 0.45) and except for one water, estimates were minimally affected 
by correcting for capture efficiency. The proportion of the population that was male varied from 
0.34-0.75 (mean = 0.53). Our results indicate that Brook Trout population vital rates in Idaho were 
similar to those observed in their native range, and were surprisingly similar between alpine lake 
and stream environments. 
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INTRODUCTION 

Introduced fish species pose one of the greatest threats to native salmonid populations in 
western North America (Penaluna et al. 2016). Introduced fish species can negatively affect native 
salmonids through a variety of mechanisms, including direct competition, habitat alteration, 
hybridization, and predation (Dunham et al. 2002; Kolar et al. 2010; Kanda et al. 2002; Martinez 
et al. 2009). One species often associated with these negative effects is the Brook Trout 
Salvelinus fontinalis. The negative influence of Brook Trout on native salmonids is typically via 
competition or hybridization (Dunham et al. 2002; Kanda et al. 2002). Moreover, Brook Trout can 
be problematic for fisheries managers due to their propensity to produce “stunted” populations 
that are undesirable to anglers (Donald and Alger 1989; Hall 1991). Consequently, whether to 
conserve native species or to improve fishing quality, fisheries managers often attempt to 
suppress or eliminate Brook Trout populations outside of their native range. 

 
Managers have used a variety of techniques to suppress or eradicate nonnative Brook 

Trout populations, including electrofishing (Thompson et al. 1996; Meyer et al. 2006), gill netting 
(Knapp and Matthews 1998; Pacas and Taylor 2015; Hall 1991), piscicides (Gresswell 1991; 
Buktenica et al. 2013), introducing sterile predators (Koenig et al. 2015), and altering sex ratios 
by introducing conspecifics with two Y chromosomes (Kennedy et al. 2018). Prior to the 
implementation of suppression or eradication programs, managers often construct population 
models to evaluate the effects of different management strategies on the undesirable population 
(e.g., Peterson and Evans 2003; Hansen et al. 2008; Klein et al. 2016; Schill et al. 2017). Such 
models require demographic data such as age, growth, sex ratios, and survival for the population 
of interest (Maceina and Pereira 2007; Power 2007).  

 
While demographic parameter estimates are readily available from Brook Trout 

populations in their native range (e.g., McFadden 1961, McFadden et al. 1967), estimates from 
western populations often have limitations. In fact, most have been conducted in beaver ponds 
(e.g., Rabe 1970), or likely underestimated the age of the fish by using scales for aging (e.g., 
Bishop 1953; McInerny 2017). Given the natural variability in demographic parameters between 
populations, and the fact that small differences in demographic parameters can have a large effect 
on the results of population models (Power 2007), further collection of demographics data for 
Brook Trout populations in the western United States is warranted. Therefore, the specific 
objective of this study was to provide estimates of population demographic parameters (i.e., 
growth, recruitment, longevity, sex ratio, survival, and density) for Brook Trout in Idaho alpine 
lakes and streams so that more reliable population models can be constructed for western 
populations of Brook Trout. 

 
 

OBJECTIVE 

1. Provide estimates of population demographic parameters (i.e., growth, recruitment, 
longevity, sex ratio, survival, and density) for Brook Trout in Idaho alpine lakes and 
streams so that more reliable population models can be constructed for western 
populations of Brook Trout. 
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METHODS 

Study Area 

Brook Trout were sampled in 12 alpine lakes and two streams in Idaho (Table 1). Alpine 
lakes varied from 1.8 to 15.8 ha in area and from 2,092 to 2,423 m in elevation (Table 1). Streams 
varied from 2.7 to 5.2 m in average stream width and from 2,146 to 2,377 m in elevation.  

Field Sampling 

Twelve alpine lakes were sampled for Brook Trout with gill nets over one to two nights 
between 2015 and 2017. Floating Swedish experimental gill nets (3-12 nets; 36 m long and 1.8 
m deep) consisting of nylon mesh panels of 10.5, 12.5, 18.5, 25.0, 33.0, and 38.0 mm bar mesh 
were set in the afternoon and fished overnight. Based on lake morphometry, nets were set in 
locations to maximize catch and were retrieved the following morning in the order in which they 
were set. All nets were set perpendicular to the shoreline with one end tied to the shoreline of the 
lake.  

 
Two of the lakes could be accessed by vehicle, and thus multiple gears could be deployed 

to sample fish, including gill nets, fyke nets (2-4 nets; 23 m lead, 0.9 × 1.8 m frame, and 1.9 cm 
bar mesh), angling (during the day), and boat electrofishing (at night). Gill nets were set as 
described above. Fyke nets were set in the afternoon and fished overnight. Electrofishing at each 
lake was conducted by navigating the boat around the entire shoreline of the lake, while sampling 
all available habitat, from dusk until about 0100. Pulsed DC was used for electrofishing, with 
settings of 60 Hz, 25% duty cycle, and 300-400 volts, which produced 7-10 amps of peak current. 
Sampling crews during electrofishing were comprised of one person operating the boat and two 
people on the bow of the boat netting fish, while others waited on shore to gather data on sampled 
fish after each pass around the lake. Angling was conducted opportunistically using both artificial 
lures and flies. During the first day and night of sampling in each lake, all captured Brook Trout 
were marked with a lower caudal clip and returned to the lake so that recaptured fish could be 
used to estimate Brook Trout abundance in each lake. 

 
Both streams (i.e., Dry Creek and West Fork Rattlesnake Creek) were sampled via 

backpack electrofishing. In Dry Creek, 6.5 km of stream were sampled during July 2016, and 5.2 
km of stream were sampled in West Fork Rattlesnake Creek during July 2017. Such long 
distances were already being sampled as part of an ongoing research project. On the first day, 
approximately 10 Brook Trout (≥100 mm) were marked with an upper caudal clip at each ½ km, 
so that on the following days, recaptured fish could be used to estimate abundance and capture 
efficiency. Electrofishing crews consisted of 2-3 people (depending on stream flow) with backpack 
electrofishers moving upstream in tandem sampling all available habitat, and 1-3 people with nets 
and buckets (19 L). Pulsed DC was used for backpack electrofishing, with settings of 60 Hz, 25% 
duty cycle, and 500-700 volts, which produced 0.5-1.0 amps of peak current. Data collected from 
captured fish in all lakes and streams included: species, total length (TL; mm), the presence of 
marks, and mesh size when applicable. In the majority of alpine lakes, Brook Trout were the only 
species encountered. However, in two lakes, Rainbow Trout Oncorhynchus mykiss were also 
present. In the two streams, Yellowstone Cutthroat Trout O. clarkii bouvieri were present but in 
low numbers. For all waterbodies, species other than Brook Trout were identified, measured, and 
released. 
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Data analysis 

For each lake and stream, sagittal otoliths were removed from up to 10 wild Brook Trout 
per 10 mm length bin, preserved dry in 1.5-mL microcentrifuge tubes, and stored indoors away 
from direct sunlight. Dried whole otoliths were viewed and photographed in immersion oil using 
reflected light at 25X power using a Leica (Model DC 500) digital camera and a Leica (Model DM 
4000B) compound microscope. Using the photographs of each otolith, presumptive annuli were 
enumerated by two independent readers, unware of fish length, to determine the age of the fish. 
When the two readers were not in agreement with regard to the age of a fish, fish length was 
included for consideration to resolve the discrepancy and determine the consensus age.  

 
Age estimates from otoliths were used to estimate a number of demographic parameters 

for each population, including growth, survival, longevity, and recruitment. Estimates of growth 
were calculated by fitting a von Bertalanffy growth function (VBGF; von Bertalanffy 1938) to 
length-at-capture data for each fish using the formula: 

 
𝐿𝐿𝑡𝑡 =  𝐿𝐿∞�1− 𝑒𝑒−𝐾𝐾(𝑡𝑡−𝑡𝑡0)�, 

 
where 𝐿𝐿𝑡𝑡 is the length of Brook Trout at a given age (𝑡𝑡), 𝐿𝐿∞ is the theoretical maximum average 
length that the population can achieve, K is the Brody growth coefficient, 𝑡𝑡 is the age, and t0 is the 
theoretical age when length equals 0 mm (Quist et al. 2012, Ogle et al. 2017). 
 

To estimate survival, aged fish were grouped into 20-mm length bins and age-length keys 
were constructed for each water. However, estimates of survival based on age-length keys must 
be corrected for the selectivity of the sampling gear used to collect the fish (Miranda and Colvin 
2017). In our study, selectivity corrections to the age-length keys varied by water type and 
sampling method. For example, age-length keys developed for each alpine lake were corrected 
by constructing gill net selectivity curves using the SELECT method (Millar and Holst 1997; Millar 
and Fryer 1999; Shoup and Ryswyk 2016) in statistical package R (R Core Team 2020). One 
selectivity curve was developed from the combined catch at all the alpine lakes sampled only via 
gillnet. Selection curves were used to estimate the relative selectivity (S𝑙𝑙) of the entire gillnet by 
fitting Brook Trout catch data (i.e., fish length and the mesh-size in which it was captured) to four 
log-linear models (i.e., bimodal, log-normal, normal location, and normal scale; Table 2) using a 
maximum-likelihood approach (Millar and Holst 1997; Shoup and Ryswyk 2016; Klein et al. 2019). 
For modeling purposes, fish were grouped into 20-mm length bins, catch was assumed to be a 
Poisson random variable, and effort was assumed to be equal among mesh sizes (Klein et al. 
2019). Model fit was evaluated by assessing model deviance, and the model with the smallest 
estimate of deviance was assumed to be the top model (Millar and Holst 1997; Shoup and Ryswyk 
2016; Klein et al. 2019). Using the top model, gill net relative selectivity (S𝑙𝑙) was calculated using 
the formula: 

S𝑙𝑙 =  Σ𝑗𝑗 �
𝑠𝑠𝑗𝑗(𝑙𝑙)
𝑚𝑚𝑚𝑚𝑚𝑚𝑙𝑙

�, 
 
where 𝑠𝑠𝑗𝑗(𝑙𝑙) represents the probability of retention in mesh size 𝑗𝑗 for length bin 𝑙𝑙, and 𝑚𝑚𝑚𝑚𝑚𝑚𝑙𝑙 
represents the maximum selectivity across all length bins (Shoup and Ryswyk 2016; Klein et al. 
2019). Catch data were then corrected by dividing by the raw catch of a given length bin by the 
S𝑙𝑙 for that length bin. Fish <80 mm were not included in these analyses because we were unable 
to effectively sample fish of that size with gill nets.  
 

Age-length keys at waters with mark-recapture data, including the two lakes with multiple 
sampling gears as well as both streams, were corrected using mark-recapture data for each 
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length bin. Capture efficiency was estimated as the number of marked fish caught in the recapture 
pass in each length bin divided by the total number of marked fish in that length bin. Catch data 
were then corrected by dividing the raw catch of a given length bin by the capture efficiency for 
that length bin. Length bins for mark-recapture data were created so that each bin included a 
minimum of three recaptured fish (Robson and Regier 1964). Using only the gillnet catch of lakes 
sampled with multiple gears, a second set of corrected age-length keys were created by applying 
the estimates of S𝑙𝑙 from the lakes sampled solely with gillnets to the catch. For lakes sampled 
with multiple gears, survival estimates derived from each method of correcting age-length keys 
were compared to evaluate how similar the estimates were. Due to the low capture efficiency of 
fish <80 mm in lakes sampled with multiple gears and fish <100 mm in streams, these size classes 
were excluded from the analyses for the respective water type. 

 
For all the corrected age-length keys, the Chapman-Robson estimator and the “peak plus 

one” criteria was used to estimate the instantaneous mortality rate (Z; Chapman and Robson 
1960; Smith et al. 2012). Total annual survival (S) was estimated as S = e-z (Ricker 1975). Based 
on plots of corrected catch by age, we determined the youngest age class fully recruited to the 
sampling gears, and prior to estimating Z and S, we removed catch data for age classes not fully 
recruited. Such plots revealed that in lakes sampled solely with gill nets, age-2 and older fish were 
fully recruited to the gear, whereas in lakes sampled with multiple gears, and in streams, fish age-
1 and older were fully recruited to the gear.  

 
The recruitment coefficient of determination (RCD) was used to estimate recruitment 

variability for each population (Isermann et al. 2002). The RCD is the coefficient of determination 
(r2) resulting from a simple linear regression model in which log transformed catch at age data is 
the response variable and age is the explanatory variable. Populations exhibiting stable 
recruitment have RCD estimates closer to 1.0 and populations with inconsistent recruitment 
producing RCD estimates closer to zero.  

 
Abundance was estimated for the two alpine lakes sampled with multiple gears and for 

both streams using mark-recapture data and the modified Peterson estimator from the FSA 
package (Ogle 2020) in statistical package R (R Core Team 2020). Separate abundance 
estimates were made for the smallest size-groups possible having at least three recaptured fish 
per group to satisfy model assumptions (Robson and Regier 1964). Estimates of abundance for 
each length bin were calculated using the formula: 

 

𝑁𝑁� =  
(𝑀𝑀 + 1)(𝑛𝑛 + 1)

(𝑚𝑚 + 1)
− 1 

 
where 𝑁𝑁� is the population estimate for the given length bin, 𝑀𝑀 is the number of marked fish in the 
given length bin, 𝑛𝑛 is the number of fish captured during the recapture pass in the given length 
class, and 𝑚𝑚 is the number of recaptured fish in a given length bin.  
 

In all study waters, a random sample of fish ≥150 mm were visually observed for the 
presence of ovaries or testes to determine the sex ratio. Confidence intervals (CIs) on sex ratios 
were calculated as: 

 

𝑝𝑝 ± 1.96�
𝑝𝑝𝑝𝑝
𝑛𝑛
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where 𝑝𝑝 is the proportion of male Brook Trout from the sample, 𝑝𝑝 = 1 − 𝑝𝑝, and n is the sample 
size (Zar 1996). 
 
 

RESULTS 

Lakes 

A total of 943 Brook Trout were sampled in alpine lakes (Table 3). An additional 36 Brook 
Trout were sampled at Lloyds Lake, which were not included for any analyses (except to estimate 
gill net selectivity) because otoliths were not collected from these fish. Brook trout in alpine lakes 
varied in length from 80-380 mm (Figure 1; Figure 2), with average length being smallest in Upper 
Hazard Lake (149 mm) and largest in Seafoam Lake #4 (240 mm; Table 4). Age was estimated 
for 881 Brook Trout and varied from 1-11 yrs. Mean length-at-capture by age class varied from 
95-181 mm at age 1 (mean = 121 mm), 136-206 mm at age 2 (mean = 156 mm), 189-250 mm at 
age 3 (mean = 223 mm), and 210-312 mm at age 4 (mean = 257 mm). Based on average length-
at-capture data for each age class, 𝐿𝐿∞varied from 231-490 mm (mean = 345 mm) and K varied 
from 0.15-0.76 (mean = 0.37; Table 5). Estimates of 𝐿𝐿∞ and K could not be made for Upper 
Hazard Lake because only one fish was captured in the fourth age class in the lake, which 
precluded fitting a VBGF to the data.  

 
Evaluation of selectivity models for gill net catch data indicated that the top model was 

log-normal (Table 6). Gill net relative selectivity averaged 0.84 across size classes, with relative 
selectivity lowest for the 80-mm length bin (0.49) and highest for the 280-mm length bin (1.00; 
Table 7 and Figure 3). In lakes sampled with multiple gears, relative selectivity was lowest for 
Brook Trout between 80-159 mm in Martin Lake and 270-329 mm in Seafoam Lake #4, and 
highest for Brook Trout between 250-359 mm in Martin Lake and 80-269 mm in Seafoam Lake 
#4 (Table 7). Corrected estimates of S varied between 0.30 (Upper Hazard Lake) and 0.60 
(Seafoam Lake #4; Table 3). In general, correcting age-length keys for selectivity had little impact 
on survival estimates (Table 3). However, at Martin Lake, uncorrected and corrected estimates of 
S were similar when using gill net selectivity to correct the age-length key, whereas when the age-
length key was corrected by mark-recapture data from multiple gear types, the corrected estimate 
of S was much lower than the uncorrected estimate. At Seafoam Lake #4, both corrections to the 
age-length key resulted in estimates of S similar to the uncorrected estimates. 

 
Recruitment was generally stable among lakes (mean RCD = 0.84), but was lowest in 

Snowslide Lake #1 (RCD = 0.66) and highest in Rainbow Lake (0.99). Based on mark-recapture 
data, abundance was estimated to be 528 Brook Trout ≥80 mm (293/ha) in Martin Lake and 578 
Brook Trout ≥80 mm (214/ha) in Seafoam Lake #4.  

 
Sex ratio estimates varied widely, ranging from 34-75% male (Table 8). However, CIs 

around individual estimates overlapped 50% for all but two lakes. Mean sex ratio across all lakes 
was 53% male. 

Streams 

During stream sampling, a total of 5,024 Brook Trout were sampled (Table 3). Length 
structure of Brook Trout was larger in Dry Creek (i.e., average length = 193 mm; range = 100-346 
mm) than in West Fork Rattlesnake Creek (i.e., average length = 158 mm; range = 100-285 mm; 
Table 4 and Figure 2). Age was estimated for 338 fish and varied between 1-6 years in both 
systems (Table 4). Mean length-at-capture by age class varied from 128-134 mm at age 1 (mean 
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= 131 mm), 172-201 mm at age 2 (mean = 189 mm), 220-231 mm at age 3 (mean = 226 mm), 
and 239-267 mm at age 4 (mean = 253 mm), and was consistently larger across all age classes 
in Dry Creek (Table 4). Evaluation of growth models indicated that 𝐿𝐿∞ was larger in West Fork 
Rattlesnake Creek (330 mm) than in Dry Creek (315 mm), but K was larger in Dry Creek (0.46) 
than in West Fork Rattlesnake Creek (0.28; Table 5). 

 
Size selectivity analysis indicated that selectivity was lowest for Brook Trout between 100-

139 mm in Dry Creek and 150-159 mm in West Fork Rattlesnake Creek and highest for Brook 
Trout between 280-299 mm in Dry Creek and 160-169 mm in West Fork Rattlesnake Creek (Table 
7). Corrected estimates of S and RCD differed slightly in Dry Creek (i.e., S = 0.49; RCD = 0.97) 
and West Fork Rattlesnake Creek (i.e., S = 0.43; RCD = 0.95; Table 3). Similar to findings in 
alpine lakes, corrected estimates of population dynamic parameters for streams were similar to 
uncorrected estimates (Table 3). Estimated abundance of Brook Trout was 8,474 fish ≥100 mm 
(25/100 m2) in Dry Creek and 1,869 fish ≥100 mm (13/100 m2) in the West Fork Rattlesnake 
Creek. Sex ratio analysis indicated that Brook Trout in Dry Creek were 52% male and in West 
Fork Rattlesnake Creek were 44% male (Table 8). 
 
 

DISCUSSION 

Our results indicate that non-native Brook Trout populations in Idaho exhibit vital rates that 
are similar to those observed in their native range (e.g., Hoover 1939; McFadden 1961; Curry et 
al. 2003; Robillard et al. 2011; Hoxmeier and Dieterman 2016). Moreover, vital rates were 
surprisingly similar between alpine lakes and streams. Of all the vital rate estimates, perhaps 
most surprising was the similarity in estimates of 𝐿𝐿∞ and K not only between the alpine lakes 
(mean 𝐿𝐿∞ = 349 mm; mean K = 0.37) and streams (mean 𝐿𝐿∞ = 323 mm; mean K = 0.37) included 
in our study, but also compared to eastern Brook Trout populations (mean 𝐿𝐿∞ = 323 mm; mean 
K = 0.37; Table 5). For other char that occupy both alpine lake and riverine environments, such 
as Bull Trout, growth is typically slower in alpine lakes (Herman 1997; Parker et al. 2007) than in 
streams (Roth et al. 2021). Brook trout appear to be very plastic phenotypically, and equally 
adapted to occupy either environment, making them ideal aquatic invaders (Adams et al. 2001; 
Dunham et al. 2002).  

 
Estimates of S based on catch curves assumes that the catch is representative of the 

population, and violating that assumption can result in inaccurate estimates of S (Ricker 1975). 
In the current study, we observed little difference between uncorrected and corrected estimates 
of S for Brook Trout in Idaho caught with either gill nets or electrofishing, suggesting that in these 
populations the catch from either gear type was in fact representative of the population. One 
exception was at Martin Lake, where the corrected estimate was vastly different for gill net data 
than for data collected from a combination of gears. The difference in estimates at Martin Lake 
was likely related to the decrease in sample size at Martin Lake when only using the gill net data. 
In fact, only 46% of the aged fish in Martin Lake were captured via gill net. In comparison, 89% of 
the aged fish in Seafoam Lake #4 were captured via gill net. Correcting age-length keys for 
selectivity had little impact on estimates of S for lakes because gill net capture efficiency varied 
little among length bins. However, even for the streams where capture efficiency varied 
substantially by size, S was little affected by accounting for capture efficiency. In some studies, 
uncorrected and corrected estimates of S have varied substantially, such as for Smallmouth Bass 
Micropterus dolomieui, Walleye Sander vitreus, and Northern Pikeminnow Ptychocheilus 
oregonensis captured via a combination of gears (Beamesderfer and Rieman 1988), and for Arctic 
Char Salvelinus alpinus; Jonsson et al. 2013) and Lake Trout Salvelinus namaycush; Hansen et 
al. 1997) sampled with gill nets. Conversely, corrected estimates of S were similar to uncorrected 
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estimates for Mountain Whitefish Prosopium williamsoni sampled via electrofishing (Meyer et al. 
2009) and Alligator Gar Atractosteus spatula sampled via gill net (Schlechte et al. 2016). 
Regardless of the magnitude of bias in estimates of S, corrected estimates of population 
demographic parameters should be used whenever possible because, as mentioned above, even 
small changes to demographic parameters can have substantial impacts on population models 
(Power 2007).  

 
Based on estimates of RCD, recruitment was stable in all Brook Trout populations in the 

current study. Although this is the first study to formally estimate RCD for Brook Trout populations, 
the data necessary to calculate RCD can be found in numerous Brook Trout studies (e.g., 
Domrose 1960; Warner 1970; Frenette and Dodson 1984; Toetz et al. 1991). Such data indicate 
that stable recruitment was also common in other introduced Brook Trout populations (e.g., 
Domrose 1960; RCD = 0.95; Toetz et al. 1991; RCD = 0.97) as well as native populations (e.g., 
Warner 1970; RCD = 0.95; Frenette and Dodson 1984; RCD = 0.87). In the current study, the 
greater stability of recruitment in streams (mean RCD = 0.96) than in lakes (mean RCD = 0.84) 
is somewhat surprising given that environmental conditions may be more variable during 
spawning and over winter in streams than in lakes. For example, stream flows can be highly 
variable across years during fall spawning and over winter, while winter icing impacts (i.e., frazil 
ice, or shelf ice collapse) also exhibit interannual variation in streams (Brown et al. 2011); whereas 
alpine lakes generally do not experience such effects. However, differences in RCD between 
streams and lakes could be due to the fact that estimates of RCD can be biased due to numerous 
factors (e.g., sampling methodology or mortality varying among age classes) and not due to actual 
differences in recruitment (Quist 2007).  

 
Results of this study provide estimates of vital rates for stream and alpine lake populations 

of Brook Trout in western North America that have heretofore been sparse outside their native 
range. Moreover, it is the first study to report gill net size selectivity curves for Brook Trout. While 
vital rates in Idaho were highly variable among populations, they were generally similar to the 
ranges observed in their native distribution. Considering the threat that Brook Trout often pose on 
native salmonids in western North America and the variability in displayed vital rates, population-
specific data are important to inform and predict outcomes of management strategies to suppress 
or eradicate Brook Trout populations.  

 
 

RECOMMENDATIONS 

1. Age-length keys should be corrected for gear selectivity, when possible, to avoid biased 
estimates of survival. 
 

2. Given the lack of Brook Trout abundance estimates in alpine lakes, additional estimates 
should be collected in alpine lakes where possible.  
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Table 1.  Study waters in which Brook Trout were sampled to estimate population 
demographics data throughout Idaho including size, elevation, and location. For 
waterbodies, WF is West Fork. 

 

Waterbody 

Surface 
area 
(ha) 

Average 
width 
(m) 

Stream 
length 
(km) 

Eleva
-tion 
(m) Latitude Longitude 

 Lakes 
Anderson 3.6 - - 2,227 44.88686 -115.93111 
Black 2.6 - - 2,149 45.24539 -116.19867 
Disappointment 6.2 - - 2,093 45.18345 -116.20735 
Duck 4.9 - - 2,177 45.11459 -116.15726 
Hard Creek 3.4 - - 2,262 45.17240 -116.14488 
Lloyds 2.9 - - 2,092 45.19290 -116.16370 
Martin Lake 1.8 - - 2,107 44.30327 -115.26357 
Rainbow 8.8 - - 2,175 45.25406 -116.19663 
Rapid 6.6 - - 2,206 44.85592 -115.91288 
Seafoam Lake #4 2.7 - - 2,423 44.50766 -115.12583 
Snowslide Lake #1 4.9 - - 2,188 44.98337 -115.93431 
Upper Hazard 15.8 - - 2,265 45.17423 -116.13500 
 Streams 
Dry Creek - 5.2 6.5 2,377 44.12679 -113.56812 
WF Rattlesnake Creek - 2.7 5.2 2,146 44.39918 -112.07612 
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Table 2.  Model equations for selectivity models used to estimate the relative selectivity of 
the entire net for Brook Trout sampled via experimental gill nets throughout Idaho. 
Values included in parenthesis are model constants. Included in model equations 
is the fish length (𝑙𝑙) and the size of the gill net mesh j (𝑚𝑚𝑗𝑗). 

 
Model Selection curve equation [sj (l)] 

Bimodal (𝑘𝑘1,𝑘𝑘2,𝑘𝑘3,𝑘𝑘4, 𝑐𝑐) 
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Table 3.  Population demographic parameter estimates for various Brook Trout populations 
throughout Idaho. Demographic parameters include the instantaneous mortality 
rate (Z), annual survival (S), and the recruitment coefficient of determination 
(RCD). Also included is the sample size (n). For waterbodies, WF is West Fork. 
Standard errors are shown in parentheses. For capture methods BE is backpack 
electrofishing, CB is a combination of gears (i.e., gill nets, fyke nets, angling, and 
boat electrofishing), and GN is gillnet.  

 

   

Waterbody
Capture 
method n Z S RCD Z S RCD

Anderson Lake GN 102 0.66 (0.17) 0.51 (0.04) 0.72 0.68 (0.17) 0.51 (0.03) 0.75
Black Lake GN 79 0.75 (0.09) 0.47 (0.04) 0.93 0.78 (0.09) 0.46 (0.04) 0.94
Disappointment Lake GN 79 0.58 (0.15) 0.56 (0.04) 0.89 0.62 (0.14) 0.54 (0.04) 0.92
Duck Lake GN 88 0.76 (0.21) 0.46 (0.05) 0.50 0.80 (0.19) 0.44 (0.05) 0.67
Hard Creek Lake GN 57 0.71 (0.11) 0.49 (0.05) 0.94 0.78 (0.09) 0.46 (0.05) 0.97
Martin Lake CB 162 0.65 (0.18) 0.52 (0.04) 0.82 0.86 (0.19) 0.42 (0.03) 0.89
Martin Lake GN 60 0.57 (0.28) 0.56 (0.04) 0.68 0.58 (0.26) 0.56 (0.04) 0.84
Rainbow Lake GN 89 0.74 (0.04) 0.47 (0.04) 0.99 0.78 (0.03) 0.46 (0.04) 0.99
Rapid Lake GN 60 0.81 (0.11) 0.44 (0.06) 0.74 0.88 (0.12) 0.41 (0.06) 0.74
Seafoam Lake # 4 CB 136 0.59 (0.14) 0.55 (0.04) 0.84 0.59 (0.14) 0.55 (0.01) 0.83
Seafoam Lake # 4 GN 110 0.55 (0.14) 0.58 (0.03) 0.78 0.60 (0.13) 0.55 (0.03) 0.83
Snowslide Lake #1 GN 64 0.84 (0.23) 0.42 (0.05) 0.60 0.87 (0.22) 0.41 (0.05) 0.66
Upper Hazard Lake GN 34 1.07 (0.13) 0.32 (0.10) 0.92 1.14 (0.13) 0.30 (0.09) 0.93

Dry Creek BE 4,009 0.57 (0.11) 0.56 (0.01) 0.89 0.70 (0.05) 0.49 (0.04) 0.97
WF Rattlesnake Creek BE 1,015 0.80 (0.29) 0.45 (0.11) 0.93 0.85 (0.28) 0.43 (0.01) 0.95

Streams

Uncorrected Corrected

Lakes
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Table 4.  Mean length-at-capture at age for Brook Trout sampled in various waterbodies 
throughout Idaho. Standard errors are in parenthesis. Also included is the sample 
size (n). WF is West Fork. 

 

 
 
  

Waterbody n
Average 

length (mm) 1 2 3 4 5 6 7 11

Anderson Lake 92 186.5 (3.8) 118.0 (9.3) 175.0 (3.7) 193.5 (3.9) 210.2 (4.4) 225.3 (12.4) - - 376.0 (-)
Black Lake 78 212.8 (5.3) 132.4 (8.8) 205.3 (5.7) 227.5 (7.4) 255.8 (2.9) 252.3 (12.0) 262.0 (-) - -
Disappointment Lake 63 189.1 (7.8) 95.4 (2.7) 136.1 (6.2) 212.6 (5.5) 257.9 (5.5) 293.7 (10.9) 293.0 (5.0) 319.0 (-) -
Duck Lake 77 195.1 (7.9) 106.8 (3.4) 178.9 (11.7) 249.0 (4.5) 285.8 (6.4) - - - -
Hard Creek Lake 47 203.1 (6.5) 133.3 (5.8) 162.3 (4.3) 227.1 (5.4) 255.3 (4.1) 264.0 (4.5) - - -
Martin Lake 105 175.1 (4.4) 119.7 (4.0) 149.3 (3.4) 188.5 (8.8) 237.9 (6.5) 321.0 (19.0) 273.0 (-) - -
Rainbow Lake 85 175.0 (4.6) 109.7 (3.1) 173.3 (4.2) 200.1 (4.8) 218.6 (4.7) 219.4 (5.7) 246.0 (12.0) 248.0 (-) -
Rapid Lake 60 179.2 (10.1) 115.1 (3.0) 169.7 (7.7) 250.4 (33.5) 311.7 (16.7) 325.3 (8.8) - - -
Seafoam Lake #4 74 240.1 (4.8) 180.7 (2.3) 205.7 (8.2) 280.0 (5.8) 287.5 (4.8) 302.5 (2.5) 325.0 (-) - -
Snowslide Lake #1 63 175.7 (5.3) 111.8 (2.3) 151.9 (5.1) 208.7 (2.4) 220.2 (6.1) - - - -
Upper Hazard Lake 32 148.5 (8.8) 106.9 (2.9) 165.5 (7.8) 214.2 (7.6) 289.0 (-) - - - -

Dry Creek 183 193.4 (1.0) 134.0 (3.5) 201.1 (3.8) 230.5 (7.7) 266.8 (5.4) 280.6 (7.6) 293.0 (6.6) - -
WF Rattlesnake Creek 155 157.5 (1.3) 127.7 (3.6) 171.8 (3.0) 219.5 (3.7) 239.4 (6.4) 263.0 (21.0) 280.0 (-)

Total length at age:

Lakes

Streams
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Table 5.  Comparison of parameter estimates from von Bertalanffy growth models for 
various Brook Trout populations throughout Idaho. Including the theoretical 
maximum average length that the population can achieve (𝐿𝐿∞) and the Brody 
growth coefficient is (𝐾𝐾). For waterbodies, WF is West Fork. Studies followed by a 
* indicate that values from that study are an average. 

 

 
 
  

ID Waterbody Location
Number of 
populations

L∞ 
(mm) K Reference

1 Anderson Lake ID 1 231 0.60 This study
2 Black Lake ID 1 263 0.76 This study
3 Disappointment Lake ID 1 375 0.28 This study
4 Duck Lake ID 1 398 0.34 This study
5 Hard Creek Lake ID 1 349 0.26 This study
6 Martin Lake ID 1 475 0.15 This study
7 Rainbow Lake ID 1 251 0.49 This study
8 Rapid Lake ID 1 490 0.23 This study
9 Seafoam Lake #4 ID 1 367 0.30 This study
10 Snowslide Lake #1 ID 1 293 0.33 This study
11 Convict Creek Basin Lakes CA 8 217 0.62 Hall 1991*
12 Boreal Lakes NL 17 368 0.44 Van Zyll de Jong et al. 2018*
13 Owhi Lake WA 1 510 0.31 Taylor et al. 2020*

14 Dry Creek ID 1 315 0.46 This study
15 WF Rattlesnake Creek ID 1 330 0.28 This study
16 Cold Brook NH 1 616 0.05 Hoover 1939
17 Lake Superior tributaries ON 8 550 0.05 Robillard et al. 2011*
18 Lawrence Creek WI 1 373 0.38 Mcfadden 1961
19 Milk River Drainage Creeks MT 2 375 0.24 Domrose 1960*
20 Pennsylvania streams PA 7 429 0.11 Wydoski 1966*
21 Pigeon River MI 1 310 0.34 Cooper 1952

Lakes

Streams
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Table 6.  Estimates of model parameters, residual deviance, and degrees of freedom from 
selectivity models estimated using the total length of Brook Trout sampled via 
experimental gill nets (mesh panels of 10.0, 12.5, 18.5, 25.0, 33.0, and 38.0 mm 
bar mesh) in lakes throughout Idaho (2015–2016). See Table 2 for a description 
of the specific parameters included in each model. All values with a value of – 
indicate that the given model did not estimate that parameter.  

 

 
 
  

Model Parameter 1 Parameter 2 Parameter 3 Parameter 4 Parameter 5 Deviance df
Log-normal 92.19 26.79 - - - 300.21 73
Normal location 88.82 50.87 - - - 412.98 73
Normal scale 102.30 26.09 - - - 431.91 73
Bimodal 102.31 26.09 7.24 -2.47 0.99 431.92 70
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Table 7.  Overall selectivity (S𝑙𝑙) by length bin for Brook Trout sampled via experimental gill 
nets (mesh panels of 10.0, 12.5, 18.5, 25.0, 33.0, and 38.0 mm bar mesh) in 
various lakes throughout Idaho (2015–2016). Also included is overall selectivity by 
length bin for Brook Trout sampled via experimental gill nets, fyke nets, angling, 
and boat electrofishing in Martin Lake and Seafoam Lake (2017), and Brook Trout 
sampled via backpack electrofishing in Dry Creek and West Fork Rattlesnake 
Creek, Idaho (2016–2017).  

 

  

Length bin 
(mm)

80 - 99 0.49
100 - 119 0.76
120 - 139 0.79
140 - 159 0.76
160 - 179 0.76
180 - 199 0.80
200 - 219 0.85
220 - 239 0.90
240 - 259 0.95
260 - 279 0.99
280 - 299 1.00
300 - 319 0.99
320 - 339 0.95
340 - 359 0.88
360 - 379 0.80

80 - 159 0.14
160 - 229 0.36
230 - 249 0.44
250 - 359 0.67

80 - 269 0.12
270 - 329 0.11

100 - 139 0.25
140 - 179 0.47
180 - 189 0.64
190 - 199 0.55
200 - 209 0.33
210 - 219 0.56
220 - 229 0.93
230 - 249 0.46
250 - 259 0.85
260 - 269 0.78
270 - 279 0.38
280 - 289 1.00
290 - 349 0.78

100-119 0.40
120-149 0.55
150-159 0.24
160-169 0.90
170-179 0.89
180-189 0.46
190-209 0.67
210-219 0.75
220-289 0.50

Alpine Lakes

Martin Lake

Seafoam Lake #4

Dry Creek

West Fork 
Rattlesnake 
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Table 8.  Comparison of sex ratios for various Brook Trout populations throughout Idaho. 
For waterbodies, WF is West Fork. Also included are the sample size (n), and 95% 
confidence intervals (95% CI) 

 

 
 
 

Waterbody n % male 95% CI

Anderson Lake 56 33.9 21.5 - 46.3
Black Lake 70 55.7 44.1 - 67.3
Disappointment Lake 59 59.3 46.8 - 71.8
Duck Lake 50 62.0 48.5 - 75.5
Hard Creek Lake 46 50.0 35.6 - 64.4
Martin Lake 73 50.6 39.1 - 62.1
Rainbow Lake 71 49.3 37.7 - 60.9
Rapid Lake 29 58.6 40.7 - 76.5
Seafoam Lake # 4 52 57.7 44.3 - 71.1
Snowslide Lake #1 42 45.2 30.1 - 60.3
Upper Hazard Lake 12 75.0 50.5 - 99.5

Dry Creek 204 51.5 44.6 - 58.4
WF Rattlesnake Creek 202 43.6 36.8 - 50.4

Lakes

Streams
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FIGURES 
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Figure 1.  Length frequency distribution of Brook Trout sampled in various lakes throughout 

Idaho during 2015–2017. Black bars represent uncorrected catch data and gray 
bars represent catch data that has been corrected for the size selectivity of the 
sampling gear. 
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Figure 2.  Length frequency distribution of Brook Trout sampled in two Idaho lakes and two 

streams during 2016–2017. Black bars represent uncorrected catch data and gray 
bars represent catch data that has been corrected for the size selectivity of the 
sampling gear. 
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Figure 3.  Selectivity curves by 20 mm length bins for Brook Trout sampled using 

experimental gill nets throughout Idaho during 2015-2016. The solid line 
represents the overall selectivity of the entire gill net and the dotted lines represent 
the selectivity of each mesh size (10.0, 12.5, 18.5, 25.0, 33.0, and 38.0 mm bar 
mesh from left to right). 
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ABSTRACT 

The South Fork of the Salmon River (SFSR) in Idaho supports wild populations of 
anadromous and resident salmonid populations that were negatively impacted by road 
construction and logging in the 1940s through the 1960s. As a result, logging and road 
development was stopped and an effort to restore the watershed was initiated, but few evaluations 
of fish populations have been made to gauge population recovery. In 2012, we snorkeled several 
main stem SFSR sites to repeat sites last surveyed in 1984 and 1985, primarily to assess whether 
Westslope Cutthroat Trout Oncorhynchus clarkii lewisi abundance increased over the near 30-
year time span. The density of Westslope Cutthroat Trout was on average three times higher in 
2012 than in 1984 and 1985, while abundance of other resident and anadromous salmonids 
changed little, except for a 40% decline in Redband/Steelhead Trout density. Several factors 
could account for the increase observed for Westslope Cutthroat Trout, including the harvest 
restrictions which were implemented on the SFSR in 1985, improvements to habitat which have 
occurred as a result of changes in land-use practices since the 1960s, or simply natural population 
fluctuations. However, that Cutthroat Trout abundance increased while the abundance of all other 
salmonids did not suggests that the increase observed for Cutthroat Trout was most likely related 
to fishing regulation changes. Regardless of the cause, healthier populations of Westslope 
Cutthroat Trout show a rebounding fishery and are an indicator of good overall system health. 
Future surveys that repeat these same sites would help continue the periodic status assessments 
in the SFSR that have been established by prior research.  
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INTRODUCTION 

The South Fork Salmon River (SFSR) in Idaho supports wild populations of Chinook 
Salmon Oncorhynchus tshawytscha, Redband/Steelhead Trout O. mykiss gairdneri, Westslope 
Cutthroat Trout O. clarkii lewisi, Bull Trout Salvelinus confluentus, and Mountain Whitefish 
Prosopium williamsoni. Though once pristine habitat, road construction and logging from 1945-
1965 caused significant habitat degradation in the form of soil erosion (Platts et al. 1989; Megahan 
and King 2004). In the mid-1960s, weather events caused severe sedimentation in the SFSR 
drainage, completely filling some pools and reducing the capacity of rearing areas (Corley 1976). 
As a result, logging and road development was halted and an effort to restore the watershed was 
initiated.  

 
Anadromous fish populations in the SFSR declined severely following the habitat loss, 

causing fishery closures in the 1960s (Thurow 1987). When the first snorkel surveys were 
conducted in the SFSR in 1984, large quantities of fine sediments were still present, and recovery 
had not yet occurred (Burns 1984). In addition to the declines in anadromous fish populations, 
resident populations of salmonids also likely suffered. However, the extent of this decline, or 
subsequent recovery, are not well known. Moreover, regulation changes in 1985 closed harvest 
of Westslope Cutthroat Trout in the SFSR, and the effect of this regulation change on their 
abundance is currently unknown.  

 
 

OBJECTIVE 

1. Evaluate changes since the mid-1980s in the abundance of Westslope Cutthroat Trout 
and other resident and anadromous salmonids in the main stem of the South Fork Salmon 
River. 

 
 

METHODS 

We surveyed 11 sites on the SFSR in the summer of 2012 in the lower 50 km of the river, 
from the confluence with the Secesh River to the confluence with the Salmon River near Mackay 
Bar. Sites were located approximately 5 km apart and were generally positioned below small 
tributaries. We repeated the same 11 sites surveyed in 1984 and 1985 by Thurow (1987), and 
used maps, photographs, and notes from the previous surveys to ensure site duplication.  

 
As in 1984 and 1985, we used snorkeling counts of fish to assess populations of resident 

and anadromous fish, following similar protocol as described in Thurow (1987). Snorkeling was 
conducted in mid-August during the same week of the Thurow (1987) surveys. Snorkeling was 
conducted from 0900–1700 when visibility was maximized. Due to the width of the river (mean 
width 32.9 m) two divers surveyed at each site, covering opposite shorelines first in an upstream 
direction, then swimming out toward the middle and floating downstream to the lower end of the 
site. With mean visibility of 4.5 m, this allowed snorkelers to see most of the available habitat 
within each transect. When this protocol did not allow us to survey the entire river in a particular 
snorkel reach, we estimated the surface area surveyed by snorkelers using the formula: 
 
 

Surface area = (2V) (L) (G), 
Where V = Visibility 
L = Transect length 
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G = Number of lines snorkeled 
 

Underwater visibility was determined by measuring the distance the diver was able to see 
a submerged brass rifle shell casing (30.06 caliber). The length and width of each transect were 
measured using a laser rangefinder. Mean width for each transect was determined by adding the 
widths at the top, middle, and bottom of the transect and dividing by three. 
 

All Chinook Salmon, Redband/Steelhead Trout, Westslope Cutthroat Trout, Bull Trout, 
and Mountain Whitefish were counted and categorized into 100-mm length increments. For 
Chinook Salmon, only age-0 fish were observed, and their length was not categorized. To mimic 
data collection for the 1985 surveys, Mountain Whitefish were enumerated but size was not 
estimated (whitefish were not enumerated in 1984).  
 
 

RESULTS 

We surveyed 11 transects covering 0.8 km of the SFSR. Transects ranged from 82-150 
m in length and 25-49 m in mean width (Table 1). Visibility ranged from 3.5-5.7 m and water 
temperature ranged from 13-16°C during surveys. Water temperature at the time of the surveys 
changed very little from the mid-1980s to 2012, with means of 15°C and 14°C, respectively.  

 
Snorkelers observed 1,033 salmonids in 2012 (Table 2); species composition consisted 

of Redband/Steelhead Trout (39%), Mountain Whitefish (29%), age-0 Chinook Salmon (25%), 
Westslope Cutthroat Trout (7%), and Bull Trout (<1.0%). In comparison, species composition in 
1985 was 63% Redband/Steelhead Trout, 23% Mountain Whitefish, 13% Age-0 Chinook Salmon, 
2% Westslope Cutthroat Trout, and <1% Bull Trout.  
 

Mean densities in 2012 across all sites were 0.88/100 m2 for Redband/Steelhead Trout, 
0.65/100 m2 for Mountain Whitefish, 0.57/100 m2 for Age-0 Chinook Salmon, 0.15/100 m2 for 
Westslope Cutthroat Trout, and 0.01/100 m2 for Bull Trout (Table 2). This compares to mean 
densities in the mid-1980s of 1.44/100 m2 for Redband/Steelhead Trout, 0.65/100 m2 for Mountain 
Whitefish, 0.56/100 m2 for age-0 Chinook Salmon, 0.05/100 m2 for Westslope Cutthroat Trout, 
and <0.01/100 m2 for Bull Trout. 
 
 

DISCUSSION 

A three-fold increase in Westslope Cutthroat Trout abundance was observed from the 
mid-1980s to 2012 in the lower 50 km of the main stem SFSR. While this increase is a positive 
indication of the current status of Cutthroat Trout in the lower portion of the SFSR, there is likely 
room for further improvement. Indeed, in the main stem of the Middle Fork Salmon River (MFSR), 
in similar long-term trend monitoring sites that are surveyed more frequently by snorkelers, 
average abundance of Westslope Cutthroat Trout more than doubled from 0.40 fish/100m2 in 
1985 to 0.90 fish/100m2 in 2012 (Flinders et al. 2013). This illustrates that while Westslope 
Cutthroat Trout density has increased more in the SFSR than the MFSR from the 1980s to 2012, 
the density of Cutthroat Trout in 2012 was six times higher in the MFSR than in the SFSR. This 
holds true even when the MFSR snorkel surveys are restricted to the lower 50 km of the main 
stem, where mean density of Westslope Cutthroat Trout in 2012 was 0.99/100m2.  

 
Abundance of other resident and anadromous salmonids changed very little from the 

1980s to 2012. For example, while Redband/Steelhead Trout density declined by almost 40% 



 

112 

from the mid-1980s to 2012, densities of Chinook Salmon, Mountain Whitefish, and Bull Trout 
were virtually identical between time periods. The decline for Redband/Steelhead Trout is 
concerning, especially considering that densities of Redband/Steelhead Trout in the main stem 
of the MFSR increased during this time period (Flinders et al. 2013). 
 

Several factors could account for the increased abundance of Westslope Cutthroat Trout 
in the SFSR, including the harvest restrictions which were implemented on the SFSR in 1985, 
improvements to habitat which have occurred as a result of changes in land-use practices since 
the 1960s, or simply natural population fluctuations. The lack of change in density for most other 
salmonids (except Redband/Steelhead Trout) compared to the sizeable increase observed for 
Westslope Cutthroat Trout suggests that halting the harvest of Cutthroat Trout has been the 
biggest contributor to population recovery. Natural recovery of stream habitat from logging and 
erosion are very slow processes and may require many decades if not centuries for full recovery 
(Beechie and Bolton 1999; Beechie et al. 2000). Because this was the first survey to be completed 
since the mid-1980s, it is difficult to draw firm conclusions about changes in the fishery which 
have occurred since then. Regardless of the cause, healthier populations of Westslope Cutthroat 
Trout show a rebounding fishery and are an indicator of good overall system health. 
 
 

RECOMMENDATION 

1. Repeat snorkel surveys in these same reaches of the main stem of the South Fork Salmon 
River every 10 years to monitor resident and anadromous salmonid occupancy and 
abundance in comparison to snorkel surveys conducted in the main stem of the Middle 
Fork Salmon River. 
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Table 1.  Survey data for South Fork Salmon River sites snorkeled in 1984/1985 and again 
in 2012. 

 

 

Survey River Reach Mean Area Visibility Survey water
Site# Site Name Date km length (m) width (m) snorkeled (m2) (m) temperature (°C) Snorkelers

1984 snorkel surveys
18 Mouth of Sheep Creek 8/20/84 51 125 - 3000 6.0 12 Thurow Schill
19 Meadow Creek 8/21/84 46 150 - 3800 6.0 - Thurow Schill
20 Mouth of Bear Creek 8/21/84 41 140 - 3360 6.0 15 Thurow Schill
21 Below Elk Creek 8/22/84 37 140 - 3080 5.5 15 Thurow Schill
22 Below SF Guard Station 8/22/84 32 82 - 2099 6.4 16 Thurow Schill
23 Below China Creek 8/22/84 27 110 - 2816 6.4 15 Thurow Schill
24 Below Big Flat Creek 8/23/84 23 118 - 3209 6.8 17 Thurow Schill
25 Below Knob Creek 8/23/84 18 101 - 2747 6.8 15 Thurow Schill
26 Mouth of Rooster Creek 8/24/84 13 115 - 3220 7.0 17 Thurow Schill
27 Below Raines Creek 8/24/84 8 100 - 2800 7.0 15 Thurow Schill
28 Below Badley Ranch 8/25/84 4 102 - 2570 6.3 17 Thurow Schill

1985 snorkel surveys
18 Mouth of Sheep Creek 8/14/85 51 115 - 2852 6.2 16 Thurow Schill
19 Meadow Creek 8/14/85 46 120 - 2876 8.2 13 Thurow Schill
20 Mouth of Bear Creek 8/14/85 41 132 - 3273 6.2 14 Thurow Schill
21 Below Elk Creek 8/15/85 37 122 - 3220 6.6 13 Thurow Schill
22 Below SF Guard Station 8/15/85 32 85 - 2244 6.6 15 Thurow Schill
23 Below China Creek 8/16/85 27 100 - 3040 7.6 15 Thurow Schill
24 Below Big Flat Creek 8/16/85 23 118 - 3587 7.6 15 Thurow Schill
25 Below Knob Creek 8/17/85 18 101 - 3110 7.7 15 Thurow Schill
26 Mouth of Rooster Creek 8/17/85 13 115 - 3013 6.6 16 Thurow Schill
27 Below Raines Creek 8/18/85 8 100 - 2440 6.1 16 Thurow Schill
28 Below Badley Ranch 8/18/85 4 109 - 2659 6.1 16 Thurow Schill

2012 snorkel surveys
18 Sheep Creek 8/21/12 51 125 33.7 3500 3.5 13 Meyer Sullivan
19 Meadow Creek 8/21/12 46 150 25.0 4800 4.0 14 Meyer Sullivan
20 Bear Creek 8/21/12 41 140 28.3 4704 4.2 14 Meyer Sullivan
21 Elk Creek 8/22/12 37 140 30.3 4480 4.0 14 Meyer Sullivan
22 SF Guard Station 8/22/12 32 82 33.7 3280 5.0 16 Meyer Herrera
23 China Creek 8/23/12 27 110 36.7 3256 3.7 13 Meyer Herrera
24 Little Flat Creek 8/23/12 23 118 49.0 5381 5.7 14 Meyer Herrera
25 Knob Creek 8/23/12 18 101 31.0 4202 5.2 16 Meyer Sullivan
26 Rooster Creek 8/24/12 13 110 31.3 4488 5.1 13 Meyer Herrera
27 Raines Creek 8/24/12 8 88 25.3 3520 5.0 13 Meyer Herrera
28 Lowest site (Mackay Bar) 8/24/12 4 108 38.3 4147 4.8 15 Meyer Sullivan
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Table 2.  Fish count data and subsequent densities for the South Fork Salmon River sites snorkeled in 1984/1985 and again in 
2012. 

 

Area
snorkeled Westslope Cutthroat Trout  Redband/steelhead Trout  Mountain Whitefish  Chinook Salmon  Bull Trout  

Site# Site Name (m2) <10 cm 10-20 cm 20-30 cm >30 cm Total #/100m2 Age 1a Age 2a Age 3a Total #/100m2 Totalb #/100m2 Age-0 total #/100m2 Total #/100m2

1984 snorkel surveys
18 Mouth of Sheep Creek 3000 0 0 0 0 0 0.000 0 1 1 2 0.067 + - 46 1.533 0 0.000
19 Meadow Creek 3800 0 0 0 0 0 0.000 35 32 7 74 1.947 + - 80 2.105 1 0.026
20 Mouth of Bear Creek 3360 0 0 0 0 0 0.000 9 16 4 29 0.863 + - 70 2.083 0 0.000
21 Below Elk Creek 3080 0 0 1 0 1 0.032 29 36 4 69 2.240 + - 25 0.812 0 0.000
22 Below SF Guard Station 2099 0 0 4 1 5 0.238 3 14 2 19 0.905 + - 25 1.191 0 0.000
23 Below China Creek 2816 0 0 0 0 0 0.000 7 24 2 33 1.172 + - 5 0.178 0 0.000
24 Below Big Flat Creek 3209 0 0 0 0 0 0.000 1 1 0 2 0.062 + - 0 0.000 0 0.000
25 Below Knob Creek 2747 0 0 0 2 2 0.073 17 35 7 59 2.148 + - 3 0.109 0 0.000
26 Mouth of Rooster Creek 3220 0 1 0 0 1 0.031 17 24 2 43 1.335 + - 4 0.124 0 0.000
27 Below Raines Creek 2800 0 0 0 0 0 0.000 7 20 1 28 1.000 + - 2 0.071 0 0.000
28 Below Badley Ranch 2570 0 0 1 4 5 0.195 4 4 1 9 0.350 + - 7 0.272 0 0.000

Total 0 1 6 7 14 0.052 129 207 31 367 1.099 267 0.771 1 0.002
1985 snorkel surveys

18 Mouth of Sheep Creek 2852 0 0 0 0 0 0.000 0 0 1 1 0.035 16 0.561 1 0.035 0 0.000
19 Meadow Creek 2876 0 0 0 0 0 0.000 21 39 10 70 2.434 22 0.765 16 0.556 1 0.035
20 Mouth of Bear Creek 3273 0 0 0 0 0 0.000 31 50 7 88 2.689 30 0.917 70 2.139 0 0.000
21 Below Elk Creek 3220 0 0 1 0 1 0.031 19 30 4 53 1.646 20 0.621 15 0.466 1 0.031
22 Below SF Guard Station 2244 0 1 0 0 1 0.045 1 3 0 4 0.178 20 0.891 0 0.000 0 0.000
23 Below China Creek 3040 0 0 1 0 1 0.033 6 28 3 37 1.217 15 0.493 3 0.099 0 0.000
24 Below Big Flat Creek 3587 0 1 1 0 2 0.056 2 4 1 7 0.195 20 0.558 0 0.000 0 0.000
25 Below Knob Creek 3110 0 1 0 1 2 0.064 44 69 8 121 3.891 30 0.965 5 0.161 0 0.000
26 Mouth of Rooster Creek 3013 1 1 0 0 2 0.066 20 61 8 89 2.954 11 0.365 8 0.266 0 0.000
27 Below Raines Creek 2440 0 0 0 0 0 0.000 11 69 8 88 3.607 8 0.328 0 0.000 0 0.000
28 Below Badley Ranch 2659 0 1 2 2 5 0.188 4 8 5 17 0.639 18 0.677 1 0.038 0 0.000

Total 1 5 5 3 14 0.044 159 361 55 575 1.771 210 0.649 119 0.342 2 0.006
2012 snorkel surveys

18 Mouth of Sheep Creek 3500 0 0 0 0 0 0.000 5 3 0 8 0.229 22 0.629 1 0.029 0 0.000
19 Meadow Creek 4800 0 1 1 0 2 0.042 38 25 6 69 1.438 48 1.000 38 0.792 0 0.000
20 Mouth of Bear Creek 4704 0 4 5 0 9 0.191 11 24 9 44 0.935 34 0.723 35 0.744 4 0.085
21 Below Elk Creek 4480 0 4 1 0 5 0.112 29 33 3 65 1.451 38 0.848 73 1.629 0 0.000
22 Below SF Guard Station 3280 0 2 1 0 3 0.091 4 25 6 35 1.067 24 0.732 42 1.280 1 0.030
23 Below China Creek 3256 0 0 0 1 1 0.031 9 17 6 32 0.983 22 0.676 20 0.614 0 0.000
24 Below Big Flat Creek 5381 0 1 2 4 7 0.130 0 5 3 8 0.149 12 0.223 1 0.019 0 0.000
25 Below Knob Creek 4202 0 6 7 0 13 0.309 10 33 6 49 1.166 26 0.619 22 0.524 0 0.000
26 Mouth of Rooster Creek 4488 0 5 3 2 10 0.223 4 36 6 46 1.025 41 0.914 20 0.446 0 0.000
27 Below Raines Creek 3520 0 1 1 0 2 0.057 3 32 4 39 1.108 5 0.142 3 0.085 0 0.000
28 Below Badley Ranch 4147 0 3 8 9 20 0.482 2 3 1 6 0.145 26 0.627 2 0.048 0 0.000

Total 0 27 29 16 72 0.152 115 236 50 401 0.881 298 0.648 257 0.565 5 0.011
aIn 2012, Redband/steelhead Trout counts were size classes of <10cm, 10-20cm, and >20cm.
bIn 1984, Mountain Whitefish were observed in every transect but were not enumerated.
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