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ABSTRACT 

 
 

 The fluvial Arctic grayling Thymallus arcticus is restricted to less than 5% 
of its native range in the contiguous United States and was listed as Category 3 
under the Endangered Species Act (ESA) until a 2007 ruling removed its 
protection. Fluvial grayling were thought to be restricted to the Big Hole River, 
Montana, where abundances were declining. Although fluvial grayling of the 
lower Gibbon River, Yellowstone National Park (YNP) were considered 
extirpated by 1935, anglers frequently reported catching grayling throughout the 
river since 1980. My goal was to determine if a viable population of fluvial 
grayling persisted in the Gibbon River, or if fish caught in the river were 
downstream emigrants from lacustrine populations in headwater lakes. I 
developed three objectives to address this goal: 1) determine grayling 
abundances in the Gibbon River, 2) determine the source of grayling in the 
Gibbon River detected downstream of headwater lakes (occupied by lacustrine 
populations), and 3) determine if grayling are successfully spawning in the 
Gibbon River. In 2005 and 2006, estimated abundances ranged from 0 to 95 and 
0 to 109, respectively. Larger estimated abundances resulted when the 
Chapman modification was incorporated into electrofishing estimates, increasing 
ranges to vary from 0 to 421 and 0 to 506 in 2005 and 2006, respectively. 
However, both methods of estimation were accompanied by large standard 
errors reflecting the few grayling detected in the river. Relatively few grayling 
were caught by anglers in comparison to other systems. Genetic analyses 
indicated that grayling from throughout the Gibbon system likely belonged to the 
same population, most notably supported by very low genetic differentiation (FST 
= 0.0021 ± 0.002) between headwater lake and river fish. Lengths at most ages 
were similar among all Gibbon system fish and successful river spawning was 
not documented below Little Gibbon Falls (the first barrier to upstream movement 
downstream of headwater lakes). Few grayling adults and no fry were detected in 
the Gibbon River, implying that a reproducing fluvial population does not likely 
exist. These findings may affect future ESA considerations of fluvial grayling 
while providing data for management within and outside of YNP. 
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INTRODUCTION 
 

 
 The fluvial Arctic grayling was previously designated as Category 1 and 

declining in Montana under the Endangered Species Act (ESA)—the final stage 

before listing as Threatened or Endangered (USFWS 1991). A petition was 

presented to the U.S. Fish and Wildlife Service (USFWS) in 1991 to elevate its 

status to Endangered (USFWS 1993). The USFWS concluded that Endangered 

listing was “warranted but precluded by other higher priority listing actions” 

(USFWS 1994). The fluvial grayling was elevated to Candidate standing in 1996 

(USFWS 1996). It was listed as Category 3 under the ESA until a ruling in April 

2007 revoked its federal protection (USFWS 2004; USFWS 2007). However, an 

appeal to reconsider the listing of fluvial grayling reflects the lack of consensus 

on the issue (D. Peterson, USFWS, personal communication). The fluvial form is 

presently restricted to less than 5% of its historic range and continues to decline 

(Magee et al. 2006). The fluvial grayling in Montana was designated a fish of 

“special concern” by the Montana Chapter of the American Fisheries Society, the 

Endangered Species Committee of the American Fisheries Society, Montana 

Fish, Wildlife & Parks (MFWP), and the Montana Natural Heritage Program of the 

Nature Conservancy in 2006. 

            In the contiguous United States, fluvial Arctic grayling are thought to be 

limited to a segment of the Big Hole River, Montana, in which abundances have 

been declining since the mid-1980s (Magee et al. 2006). Whereas lacustrine 

populations of grayling exist throughout Montana and elsewhere, fluvial grayling 
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are behaviorally adapted to riverine environments and are genetically and 

behaviorally distinguishable from adfluvial fish (Kaya 1991; Kaya and Jeanes 

1995). Consequently, all attempts to stock river and stream systems with 

lacustrine grayling have failed in Montana and in Yellowstone National Park 

(YNP) (Varley 1981; Kaya and Jeanes 1995). Moreover, the Big Hole population 

is genetically distinguishable from other lacustrine grayling populations (Everett 

and Allendorf 1985; Kaya 1991, 1992). However, efforts initiated by MFWP 

through the Arctic Grayling Restoration Program, aimed to establish and maintain 

five distinct populations of fluvial Arctic grayling within the historic range of the 

species by 2020, have resulted in limited but encouraging success through the 

use of fluvial grayling broodstocks and remote site incubators (Montana Fluvial 

Arctic Grayling Workgroup 1995; Magee et al. 2006). 

            Within and near to YNP, fluvial Arctic grayling were present until about 

1900 in the Gallatin River and until 1935 in the Madison River, the Firehole River 

below Firehole Cascade, and the Gibbon River below Gibbon Falls (Vincent 

1962; Kaya 2000). Nonnative brown trout (Salmo trutta) introductions and the 

creation of Hebgen Reservoir were followed by the near-complete loss of fluvial 

grayling within YNP by the mid-1900s (Kaya 2000). Prior to their sharp decline in 

the Madison River, grayling taken from two of its tributaries near Ennis Lake were 

planted in Georgetown Lake near Anaconda, Montana (Everett and Allendorf 

1985). This brood-stock was used to supply 1,000,000 grayling fry to the 

historically-fishless Grebe Lake at the headwaters of the Gibbon River in 1921 
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(Varley 1981). The Grebe Lake stock is genetically distinct from Red Rock Lakes 

and Big Hole River populations, despite its fluvial lineage (Everett and Allendorf 

1985).  

           A hatchery at Grebe Lake was established in 1921, resulting in the 

continued stocking of over 12.5 million grayling back into the lake from 1933 to 

1955 (Varley 1981). Grayling population abundance estimates (fish greater than 

109 mm in total length) for Grebe Lake obtained from trap nets and mark and 

recapture methods were about 27,000 fish in 1953 and 26,000 fish in 1954 

(Kruse 1959). Wolf Lake (downstream of Grebe Lake) also supports grayling 

(Varley et al. 1976), but a population estimate has not been made there. At least 

two grayling have been caught in the Gibbon River by anglers annually since 

1980 (except for 1987) and periodically by YNP survey crews (Koel et al. 2005). 

It is unknown if grayling detected in the Gibbon River below Little Gibbon Falls 

since about 1935 are fluvial (including successful reproduction within the Gibbon 

River), or if they are downstream emigrants. 

 
Research Need 

 

An assessment of the population viability of Arctic grayling in the Gibbon 

River, YNP, was necessary based on the declining status of the Big Hole River 

fluvial grayling population, the ongoing reassessment of the fluvial grayling’s 

status under the ESA, the paucity of data on grayling in the Gibbon River system, 

YNP, and the prospective benefits to MFWP restoration efforts. The confirmation 
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of a viable population of fluvial grayling in the Gibbon River would affect future 

stocking and subsequent genetic adulteration of grayling in the Gibbon River. A 

fluvial population in the Gibbon River would also be considered one of five 

populations to be established and maintained by the Arctic Grayling Restoration 

Program. By deeming the Gibbon River grayling as one of these five populations, 

resources would be freed for additional grayling research and conservation. If a 

viable population of fluvial grayling does not exist in YNP, this knowledge may 

bolster support for conservation of the Big Hole River population, allow efforts to 

re-establish fluvial grayling within the Gibbon River, and influence future listing 

determinations under the ESA.  

My goal was to determine if a viable population of fluvial Arctic grayling 

exists in the Gibbon River. I developed three objectives to address this goal: 1) 

determine grayling abundances in the Gibbon River, 2) determine the source of 

grayling in the Gibbon River detected downstream of headwater lakes (occupied 

by lacustrine populations), and 3) determine if grayling are successfully spawning 

in the Gibbon River. Viable abundances are necessary to minimize the effects of 

inbreeding over time and maintain adaptive genetic variation (Rieman and 

Allendorf 2001). However, putatively viable abundances of grayling could exist in 

the Gibbon River without representing a self-sustaining population if fish are 

lacustrine emigrants (Kaya 1991; Kaya and Jeanes 1995) or if they do not 

successfully reproduce in the river. I determined if a viable population of fluvial 
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grayling exists in the Gibbon River by considering the evidence produced from all 

objectives. 
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STUDY AREA 
 
 

The Gibbon River originates at Grebe Lake, located at 2,445 m elevation, 

about 2.9 km northwest of Canyon Village, YNP. From its headwaters, the 

Gibbon River flows 54.3 km to its confluence with the Firehole River to form the 

Madison River (Figure 1) (2,072 m elevation).  

Fish assemblages vary longitudinally along the Gibbon River, reflecting 

the three successive barriers to upstream movement. The farthest downstream 

barrier (Gibbon Falls, 25.6 m) exists in Gibbon Canyon, about 11.3 km upstream 

from the Firehole River confluence. Historically, Arctic grayling, mottled sculpin 

(Cottus bairdi), mountain whitefish (Prosopium williamsoni), longnose dace 

(Rhinichthys cataractae), and westslope cutthroat trout (Oncorhynchus clarkii 

lewisi) existed in the Gibbon River below Gibbon Falls (Varley and Shullery 

1998). Only brown trout, dace, rainbow trout (Oncorhynchus mykiss), sculpin, 

and whitefish were known to exist in this stretch of river in 2005 (Varley and 

Shullery 1998; Koel et al. 2004). The next barrier to upstream movement 

(Virginia Cascade, 19.4 m) is located about 28.4 km upstream of Gibbon Falls, 

less than 1 km downstream of Virginia Meadows. Before nonnative fish 

introductions, sculpin were the only inhabitants above Gibbon Falls (Varley and 

Shullery 1998). The Gibbon River harbored brown trout, dace, eastern brook 

trout (Salvelinus fontinalis), rainbow trout, and sculpin between Gibbon Falls and 

Virginia Cascade in 2005 (Koel et al. 2004). The final barrier to upstream 

movement (Little Gibbon Falls, 7.6 m) lies about 3.9 km above Virginia Cascade. 
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A dense population of eastern brook trout resides between Virginia Cascade and 

Little Gibbon Falls, accompanied by rainbow trout and sculpin (D.L. Mahony, 

YNP, personal communication). Only grayling and rainbow trout are found above 

Little Gibbon Falls (Varley and Shullery 1998).  
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METHODS 
 
 

Arctic Grayling Abundances in the Gibbon River, YNP 
 
  

 I electrofished and snorkeled during 2005 and 2006 to determine Arctic 

grayling abundances in the Gibbon River, YNP. Electrofishing was used from 

June through mid-July during 2005 and from late-May through mid-July during 

2006. Snorkeling was used from mid-July through September during both years 

because low discharge and personnel and equipment limitations precluded 

electrofishing during those months. Grayling abundances were estimated from 

electrofishing data by dividing grayling counts by electrofishing efficiency for all 

salmonids caught (Pearsons and Temple 2007). Abundance estimates were 

calculated from snorkeling data by determining the relationship between 

snorkeling counts and estimated abundances from electrofishing data to 

establish snorkeling efficiency ( R̂ ) for subsequent application to snorkeling 

counts (Dolloff et al. 1993). Estimates of grayling per km in each stretch of river 

between barriers to upstream movement were produced for each sample period. 

I estimated the minimum number of grayling present by these criteria using data 

collected by the Yellowstone Park Foundation’s Fly-Fishing Volunteer Program. 

Grayling and non-grayling (i.e., other salmonids) catch rates (i.e., number of 

grayling caught per angler-hour) were also produced. 

 Although total abundance is more easily estimable for fish populations, the 

effective population size (Ne) is necessary to determine the rate of inbreeding 
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and loss of genetic variation (i.e., population viability) (Frankham 1995). Direct 

estimates of Ne were not available for grayling in the Gibbon River system 

because they required extensive demographic or genetic data spanning multiple 

generations (Frankham et al. 2002). However, ratios have been developed to 

estimate Ne from abundance estimates for various taxa (Frankham 1995). I used 

the ratio of about 0.3 to 1 to infer Ne from estimated grayling abundances per 

stretch of river between barriers to upstream movement (Frankham 1995). 

 The Gibbon River was divided into four strata for sampling in 2005 based 

on the presence of multiple barriers to upstream fish movement (Gibbon Falls, 

Virginia Cascade, Little Gibbon Falls) and the disparate fish assemblages among 

strata (D.L. Mahony, YNP, personal communication; Brown and Austen 1996; 

Van Den Avyle and Hayward 1999; Devore and Peck 2005). After the river was 

visually surveyed for areas that were impossible to sample by electrofishing and 

snorkeling (e.g., waterfalls, rapids, thermal features), the remaining portions of 

each stratum were partitioned into potential 500-m sample reaches (Figure 1). I 

used proportional allocation and random selection to select sample reaches 

comprising about one-quarter of each stratum (Thompson et al. 1998; Peterson 

et al. 2002) (Table 1).  
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Figure 1.—Randomly-selected sample reaches and strata along the Gibbon River, 
YNP, 2005. 
 
 
 
 
 
 
 

 

 

 

 

 

 0 10 20 30 40
Kilometers

STRATUM 1 STRATUM 2 STRATUM 4 

Wolf Lake

Gibbon Falls 

Grebe Lake

Gibbon River 

Barrier 

Unsurveyable area 

Sample reach 

STRATUM 3 

Virginia Cascade 

Little Gibbon Falls

 

0 3 6 9 12
Kilometers  



 11

Table 1.—Proportional allocation of sample reaches within strata along the 
Gibbon River, YNP, 2005. 
 

Stratum Location 

Total 
surveyable 

distance (m) 
Sample 
reaches 

1 Below Gibbon Falls 9,000 4
2 Gibbon Falls to Virginia Cascade 18,500 9
3 Virginia Cascade to Little Gibbon Falls 3,500 2a

 

4 Little Gibbon Falls to Wolf Lake 10,000 5
Total  41,000 20

aData collected from one of the two reaches was not used because an 
insufficient portion of the reach was sampled. 
  

 Sampling effort was reallocated among reaches in 2006 to target areas of 

Arctic grayling detection and pool-dominated habitat, preferred by grayling during 

summer (Liknes 1981; Hubert et al. 1986; Liknes and Gould 1987; Reynolds 

1989). This adjustment reflected 2005 results indicating grayling detection was 

exclusive to pool-dominated reaches (Steed and Zale 2006). This modification 

was an attempt to minimize the variance in abundance estimates within strata 

while maximizing sampling efficiency. Habitat delineation was performed prior to 

sampling in 2006. All surveyable sample reaches along the Gibbon River were 

classified according to pool-habitat frequency. Pools were defined as areas with 

maximum depths greater than or equal to 0.5 m, reduced water velocities, and 

undisturbed water surfaces (Liknes 1981). Reaches containing greater than or 

equal to 50% pool habitat were assigned a rating of type-1 (H1) whereas reaches 

containing less than 50% pool habitat (i.e., dominated by riffles) were assigned a 

rating of type-2 (H2)(Table 2). After all reaches were rated, standard errors were 

calculated for counts obtained during 2005 by electrofishing and snorkeling, 
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respectively, according to habitat type to calculate the number of reaches to 

sample in 2006 (Table 2). Because no grayling were observed in H2 reaches 

using these techniques in 2005, conservative hypothetical standard errors were 

calculated to produce values greater than zero (Table 2)(J. Borkowski, Montana 

State University, personal communication). 

 
Table 2.—Standard errors (s) associated with electrofishing and snorkeling 
counts of Arctic grayling, by habitat type, within each stratum along the Gibbon 
River, YNP, 2005. Substrata correspond to habitat-type reaches within strata. 
 

    Electrofishing Snorkeling 

Stratum 
Habitat 
rating Substratum

Sample 
reaches Counta  s Counta s 

1 1 1 10 2/8 0.463 11/16 0.946
 2 2 8 0/0 0.186b

  

  

  

   

0/0 0.186b

2 1 3 16 3/10 0.483 6/20 0.801
 2 4 21 0/8 0.186b 0/12 0.186b

3 2 5 7 0/4 0.213c 0/6 0.213c

4d 2 6 15 0/10 0.213c 0/20 0.213c

aTotal number of grayling observed/total number of sampling events. 
bStandard error calculated from hypothetical count of (1/29). All H2 reaches in 
strata 1 and 2 were combined (29) to estimated hypothetical standard error 
because strata 1 and 2 are more similar to each other than they are to strata 3 
and 4.  
cStandard error calculated from hypothetical count of (1/22). 
dReaches in stratum 4 located between Grebe and Wolf lakes were eliminated 
in 2006 because of their proximity to spawning adfluvial Arctic grayling (i.e., 
reduced from 20 to 15). 

 

After standard errors were calculated, the following formula was used to 

determine the number of reaches to sample per substratum by electrofishing and 

snorkeling during 2006 (Table 3) (Thompson 2002): 
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∑
=

= 6

1h
hh

hh
h

N

nN
n

σ

σ
, 

where             

n = minimum number of reaches to sample, 

h = substratum, 

hN = total number of reaches per substratum, and 

hσ = standard deviation (estimated as sh) associated with each sampling 

technique per substratum. 

 

Assuming a 20-reach minimum sampling effort based on 2005 efforts, an 

average number of reaches to sample per substratum was determined based on 

the numbers of reaches calculated for electrofishing and snorkeling, respectively 

(Table 3). Twenty-two reaches were ultimately required based on a minimum of 

two sample reaches per substratum. Reaches to sample in 2006 were then 

randomly selected from all surveyable reaches (Figure 2). All reaches selected 

except for one reach in stratum 4 were electrofished once within about a two-

week period once per month from late-May through mid-July and snorkeled 

within about a one-week period once per month from mid-July through 

September. One reach in stratum 4 was not sampled because of accessibility 

constraints.  
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Table 3.— Calculated number of reaches (nh) to sample per substratum (h) out of all possible reaches (Nh) by 
electrofishing and snorkeling in the Gibbon River, YNP, 2006.  Estimates are based on standard errors (sh) derived 
from data collected during 2005 and a 20-reach minimum sampling effort. Averaged number of reaches ( n ) to 
sample using both techniques are also shown. 
 

  Electrofishing     Snorkeling           
h Nh sh Nhsh nNhsh nh Nh sh Nhsh nNhsh nh n  Sample reachesa

 

1 10 0.463 4.63 92.60 4.49 10 0.946 9.46 189.20 5.65 5.07 5
2 8 0.186 1.49 29.76 1.44 8 0.186 1.49 29.76 0.89 1.17 2
3 15 0.483 7.25 144.90 7.03 15 0.801 12.02 240.39 7.18 7.11 7
4 22 0.186 4.09 81.84 3.97 22 0.186 4.09 81.84 2.44 3.21 3
5 7 0.213 1.49 29.82 1.45 7 0.213 1.49 29.82 0.89 1.17 2
6 15 0.213 3.20 63.90 3.10 15 0.213 3.20 63.90 1.91 2.50 3b

 

Total 77 - - 22.14 - - 21.5 77 - - 31.75 - - 18.97 - - 22
aAt least two reaches were selected per substratum. 
bOnly two of the three selected reaches were sampled because of logistical constraints. 

 

 

 

 

   

14



 15

Figure 2.—Randomly-selected sample reaches and strata along the Gibbon River, 
YNP, 2006. 
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 Electrofishing methods were consistent with those used by Dan Mahony 

and the YNP Streams Crew on the Gibbon River since 1999 and followed MFWP 

guidelines with different gears used in different sections because of variation in 

river depth and width (Kennedy and Strange 1981). Fish were collected using a 

Smith-Root, Inc., battery-powered backpack electrofisher in all selected reaches 

of strata 4, 3, and two reaches in stratum 2. These reaches were sampled by 

moving upstream whereas the remaining reaches were sampled by moving 

downstream using a boat-based or shore-based Coffelt 2C electrofishing unit 
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powered by a 3.5 kW generator because of greater depths and discharge. Two 

reaches in stratum 2 were sampled during the first sample period in 2006 using 

the Coffelt unit described above based on shore and subsequently sampled 

based from a boat about 1.8 m in length. Remaining reaches in stratum 2 and all 

of stratum 1 were sampled using the Coffelt unit while floating downstream in a 

raft about 4.3 m in length. All reaches were electrofished at least twice from late-

May through July using the single-pass method (Peterson and Cederholm 1984; 

Kruse et al. 1998; Magee et al. 2005) and by mark and recapture in July 2006 

(Ricker 1975).   

Total length of each fish caught was measured to the nearest millimeter. 

Sex identification and gonadal ripeness of Arctic grayling caught were 

determined when possible, with induced discharge of gametes indicating 

spawning condition. Visible implant alphanumeric (VI Alpha) tags were 

administered to each grayling greater than or equal to 130 mm (total length) after 

examination for previous tags or clips; this length corresponds to the minimum 

grayling size for hard VI Alpha tag retention (McMahon et al. 1996). 

 The number of Arctic grayling in each sample reach in each stratum in 

each sample period was estimated by dividing the number of grayling caught by 

the estimated electrofishing efficiency ( ) (Pearsons and Temple 2007). Values 

of  were calculated from mark and recapture data collected during 2005 and 

2006 (Ricker 1975). Estimated efficiency was calculated in each reach as the 

number of salmonids recaptured ( ) divided by the number captured ( ) 

q̂

q̂

sR sC
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during the second sampling event (Ricker 1975; Pearsons and Temple 2007). 

Grayling and all other salmonids caught were assumed to have similar 

catchability because too few grayling were sampled to accurately estimate 

species-specific efficiency (J. Magee, MFWP, personal communication). 

Estimates of q were not made by habitat-type within strata because of low 

recapture rates. However, estimates of q were similar in habitat types (H1 and 

H2) across strata (chi-square test, p > 0.10). Therefore,  values were pooled by 

habitat type. Pooling produced a weighted-average  for each habitat type 

(Table 4). Confidence intervals were calculated using the relationship between 

the F and the binomial distributions (Zar 1984).  

q̂

q̂

 

q̂Table 4.—Mean electrofishing efficiency estimates ( ) calculated by habitat type 
using pooled salmonid mark and recapture data from the Gibbon River, YNP, 
2005 and 2006.  
 

q̂
Habitat type Ncaptured Nrecaptured  

 
 95% CI 

H1 367 39 10.6% 7.7 – 14.2% 
H2 655 48 7.3% 5.5 – 9.6% 

 

 Estimates of grayling abundance using a variation of the Petersen method 

(Ricker 1975; S. Cherry, Montana State University, personal communication) 

incorporating the Chapman modification (Chapman 1951) were reported 

alongside those calculated without the modification to produce the range of 

potential abundances and because one assumption associated with each 

estimate could not be validated (S. Cherry, Montana State University, personal 



 18

communication). Thus, grayling counts were divided by Chapman  values to 

produce comparative estimates. Chapman  values were calculated in the same 

manner as non-Chapman  values except 1 was added to each of the pooled 

 and values (Table 5).  

q̂

q̂

q̂

sR sC

Table 5.—Mean electrofishing efficiency estimates ( q̂ ) incorporating the 
Chapman modification and calculated by habitat type using pooled salmonid 
mark and recapture data from the Gibbon River, YNP, 2005 and 2006.  
 

q̂
Habitat type Ncaptured Nrecaptured  

 
 95% CI 

H1 368 40 10.9% 7.9 – 14.5% 
H2 656 49 7.5% 5.6 – 9.8% 

 

Although the Chapman modification is useful when estimating abundances from 

small sample sizes (Chapman 1951; Ricker 1975), applying it to zero counts can 

inflate estimates considerably. Omitting the Chapman modification assumes 

grayling are absent when no fish are encountered whereas incorporating the 

modification assumes fish are present when none are observed (S. Cherry, 

Montana State University, personal communication). The following equations 

illustrate the application of estimated efficiencies to grayling counts to produce 

estimates of abundance: 

Petersen variation:       
s

gts
gt R

CC
=τ̂ , 

Petersen variation with Chapman modification:       1
1

)1)(1(
ˆ −

+

++
=

s

gts
gt R

CC
τ , 
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where 

 

=sC  number of salmonids caught, 

=gtC  number of grayling caught at time t, 

=sR  number of marked salmonids recaptured, and 

=gtτ̂  estimated grayling abundance at time t. 

 

 The mean number of grayling in each H1 and H2 reach sampled, 

respectively, in each stratum in each sample period was calculated by dividing 

the estimated total number of grayling in each habitat-type reach by the number 

of H1 and H2 reaches sampled, respectively. These values were then multiplied 

by the respective number of habitat-type reaches in a stratum. Abundances in all 

H1 and H2 reaches in a stratum were combined to produce estimates for each 

stratum. Variability in estimated grayling abundances in stratum 1 was 

underestimated in 2005 because no H2 reaches were sampled that year. 

Standard errors (s) in abundance estimates were calculated using the following 

formula (Thompson 2002): 

 

           

 

where 

 

)ˆˆˆr)ˆ(ˆs ττττ += r(av)(âvrâv)( 2,1, HjHjjj = , 
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jτ̂  = estimated total grayling abundance in stratum j, 

  
 = standard error in jτ̂ , 
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1,HjN  = total number of H1 reaches in stratum j, 

2,HjN  = total number of H2 reaches in stratum j, 

1,Hjn  = number of H1 reaches sampled in stratum j, and 

2,Hjn  = number of H2 reaches sampled in stratum j. 

 

Standard errors in all estimates were reported in lieu of 95% confidence intervals 

because too few grayling were caught to assume a normal distribution and the 
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variability in  values could not be incorporated into expansions to strata (S. 

Cherry, Montana State University, personal communication). Thus, reported 

errors were conservative estimates of deviation from mean abundances.  

q̂

 Sample reaches were snorkeled at least once per month from July 

through September during 2005 and 2006. Surveys involved floating reaches in a 

dry-suit with snorkel and mask while recording the size category of salmonids 

observed (Dolloff et al. 1996). Two observers counted fish if the river was too 

wide for one observer to see both banks (Dolloff et al. 1996). Observers 

maintained counts for their respective lanes (Schill and Griffith 1984), moving in a 

regular zigzag pattern parallel to each other thereby maximizing efficiency while 

minimizing bias (Mullner et al. 1998). Counts were made in a downstream 

direction if river depth and flow did not permit observers to crawl upstream 

(Dolloff et al. 1996). Observers counted all salmonids, identified tags or clips, and 

recorded fish in one of four size categories (< 101, 101-200, 201-300, and > 300 

mm total length) on a PVC arm cuff with a pencil. Observers were trained to 

estimate lengths a priori by estimating known lengths of sticks underwater. 

Counts were made between 1000 and 1600 hours to ensure optimal visibility 

(Schill and Griffith 1984; Dolloff et al. 1996). Although block nets are useful in 

minimizing bias, they were not employed because of limited evidence of 

necessity and logistical constraints (Peterson et al. 2005).  

 The association between snorkeling counts and the absolute fish 

abundance estimated in each habitat type by electrofishing was strong (Figure 
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3), supporting the relationship’s use as an abundance estimator based on 

snorkeling counts. 

Figure 3.—Electrofishing abundance estimates and snorkeling counts for all 
salmonids caught in habitat-type-1 (H1) and habitat-type-2 (H2) reaches sampled 
in the Gibbon River, YNP, respectively, in 2005 and 2006.  
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Snorkeling efficiency ( R̂ ) was estimated by substratum in all sample reaches 

using the following formula to relate salmonid counts ( ) to estimated “true” 

abundances ( ) obtained by electrofishing (Table 8)(Dolloff et al. 1993):  

ix
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='n number of reaches sampled by both snorkeling and electrofishing (i.e., all 

sample reaches). 

 

Snorkeling efficiency was estimated for each substratum because it produced the 

best site-specific estimate while minimizing variance. Adjusted Petersen 

estimates of salmonid abundance were calculated from electrofishing data in 

nine reaches for R̂  estimation (Ricker 1975). Abundances were estimated by 

dividing electrofishing counts by the appropriate (i.e., H1 or H2) weighted-
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average  (Table 5)(Ricker 1975), incorporating the Chapman modification, for 

reaches with recapture rates too low to use the adjusted Petersen method (S. 

Cherry, Montana State University, personal communication). Snorkel counts for 

each sample reach were performed one to three days prior to electrofishing 

surveys during July 2006 to minimize potential biases (Thurow and Schill 1996; 

Mullner et al. 1998). Snorkeling efficiency estimated during July 2006 was 

applied to counts made during 2005 and to subsequent 2006 surveys, assuming 

the relationship between abundance and 

q̂

R̂ did not change significantly over 

time. Although snorkel estimates are more variable in winter than in summer 

months (Rodgers et al. 1992), surveys ceased in late September thereby 

minimizing temporal bias. 

 
R̂Table 6.—Snorkeling efficiency estimates ( ), calculated by substratum, using 

snorkeling and electrofishing data collected from 7/24/06 through 8/5/06 on 
salmonids detected in the Gibbon River, YNP. 
 

Stratum Substratum 'x  'y  R̂  
1 1 151 1544 10.22 
 2 61 864 14.17 
2 3 264 2611 9.90 
 4 206 2918 14.16 
3 5 476 2889 6.10 
4 6 324 5472 16.89 

n = number of reaches sampled in each substratum. 
'x  = number of salmonids counted by snorkelers. 
'y  = total number of salmonids estimated from mark and recapture 

electrofishing data. 
R̂ = the ratio of the estimated number of fish present to the number 
observed by snorkelers (e.g., there are about 10 fish present in 
substratum 1 for every one fish observed). 
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 Anglers with the Yellowstone Park Foundation’s Fly-fishing Volunteer 

Program were employed periodically from mid June through early September in 

2005 and 2006 to capture grayling throughout the Gibbon River system. All 

angling was performed using fly-fishing tackle. Anglers targeted pool-dominated 

habitat and areas of prior grayling detection to maximize the likelihood of grayling 

capture in the river. Grebe and Wolf lakes were sampled only in 2005 and 

angling was shore-based. Estimates of minimum abundance for each sample 

period in each stratum were calculated (when dates corresponded) for 

comparison with estimated total abundances calculated from electrofishing and 

snorkeling data. Extrapolations to strata could not be made because sampling 

was temporally irregular and non-random. Estimates of grayling caught per 

angler-hour (i.e., catch-per-unit-effort (CPUE)) were calculated by dividing the 

number of grayling caught by the reported number of angler-hours per sampling 

event (Malvestuto 1996). The number of angler-hours per sampling event was 

calculated by multiplying the number of anglers present by total fishing time 

(Malvestuto 1996). Estimates of non-grayling CPUE were calculated as 

described above, substituting all other salmonids caught for grayling. 

 A panel weir (Hunter 1954) was installed in 2006 to compare the number 

of Arctic grayling emigrating from Grebe and Wolf lakes to the estimated 

abundances of riverine grayling. Equivalent or greater abundances of weir-

caught to river-caught grayling would suggest lake-based origins of river-caught 

grayling. However, support for the existence of one or more populations of fluvial 
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grayling would exist if few or no grayling entered the Gibbon River from 

headwater lakes.  

 Weirs have been used successfully to examine fish movement in systems 

similar to the Gibbon River (Nelson 1999; Nelson et. al 2002; Schmetterling and 

Adams 2004). I could not install a weir on the Gibbon River in 2005 because of 

limited personnel availability. However, increased sampling efficiency during 

2006 freed resources for the implementation and maintenance of a weir. The 

weir was installed about 300 m upstream of Little Gibbon Falls and was invisible 

from nearby trails (Figure 4). This location maximized the distance from 

headwater lakes while remaining above the first major barrier to upstream 

movement on the Gibbon River (Little Gibbon Falls). 
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Figure 4.—Weir location on the Gibbon River, YNP, 2006. 
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The Source of Arctic Grayling Detected in the Gibbon River 
 

 
 The source of Arctic grayling detected in the Gibbon River, YNP, was 

determined by analyzing genetic, growth, and length-at-age data collected from 

grayling caught throughout the Gibbon River system. Genetic comparisons were 

made based on demonstrated differences between known fluvial and lacustrine 

grayling (Kaya 1991; Kaya 1992; Everett and Allendorf 1985) using microsatellite 

loci developed for Arctic grayling in Montana (Diggs and Ardren, in press). Age 

and growth data were used to detect differences in growth and lengths-at-age of 

grayling within the Gibbon River system. 

 Arctic grayling genetic samples were collected in the Gibbon River 

system, YNP, by electrofishing and fly-fishing from 1999 to 2006 and by weir-

trapping in 2006. Grayling caught on the weir were presumed to be of headwater 

lake origin because this portion of the river was historically fishless (Varley and 

Shullery 1998) and because of the weir’s proximity to lacustrine grayling sources. 

About one-third of a fin (average clip = 20 mg) was taken from each grayling 

caught (unless it was a recapture) during 2005 and 2006. Effects of fin-clipping 

are negligible in goldfish and coho salmon and this procedure has been used by 

fisheries biologists since the 1800s (Radcliffe 1950; McFarlane et al. 1990). 

Differential fin clips were taken from grayling caught throughout the Gibbon River 

system in each of 2005 and 2006 for source determination during recapture 

events. Left and right pelvic fin clips were taken from grayling caught in 

headwater lakes and in the Gibbon River, respectively, during 2005. Upper and 
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lower caudal fin clips were taken from grayling caught in headwater lakes and in 

the Gibbon River, respectively, during 2006. Fin clips were preserved upon 

collection in glass tubes containing 95% ethanol (Kelsch and Shields 1996; 

Stamford and Taylor 2004).  

 I extracted DNA from fin clips using the DNeasy tissue kit (Qiagen, CA). I 

amplified eleven unique Arctic grayling microsatellite loci (Diggs and Ardren, in 

press) and one rainbow trout unique locus, OMM1037 (Rexroad 2002). All 

forward primers were fluorescently labeled at the 5’ end for visualization 

purposes. I multiplexed these loci into three polymerase chain reactions (PCR) 

for efficiency: (1) Tar100, Tar101, Tar104, and Tar109, (2) Tar103, Tar105, and 

Tar106, (3) Tar108, Tar110, and Tar115. The remaining two loci, Tar114 and 

OMM1037, were amplified separately. The multiplex PCR mixtures consisted of 

about 50 to 150 ng of extracted DNA, 5.0 µL of 2 x QIAGEN Multiplex PCR 

Master Mix (Qiagen, CA), 1 µM of each primer, and enough water for a 10 µL 

reaction volume. The thermoprofile consisted of an activation step of 15 min at 

95°C followed by 30 cycles at 94°C for 30 s, 62°C for 90 s, 72°C for 30 s, and a 

final one-step extension at 72°C for 10 min. Polymerase chain reaction mixtures 

for Tar114 and OMM1037 consisted of 1 x Gold Buffer (Applied Biosystems, CA), 

1.5 mM MgCl2 for Tar114 or 2.5 mM MgCl2 for OMM1037, 200 ng BSA, 1.0 mM 

dNTPs, 1.0 µM forward and reverse primers each, 0.5 Unit AmpliTaq Gold© DNA 

Polymerase (Applied Biosystems, CA) and enough water for a 10 µL reaction 

volume. The thermoprofile consisted of one 10 min activation/denaturing step at 
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95 °C followed by 45 cycles at 95°C for 30 s, Tm °C for 30 s (Tar114 at 58 °C and 

OMM1037 at 55 °C), 72°C for 30s, and a final one-step extension at 72 °C for 30 

min. The PCR products were visualized using the 3100-Avant Genetic Analyzer 

and analyzed with GeneMapper v3.7 (Applied Biosystems, CA). Although bins 

were set up for automatic genotype scoring, each genotype score was manually 

inspected for accuracy (Hoffman and Amos 2005). 

 An exact probability test for departures from Hardy-Weinberg (HW) 

equilibrium was conducted individually and across all loci using Fisher’s method 

in GENEPOP version 3.4 (Raymond and Rousset 1995). Expected 

heterozygosity (He) was compared between source groups using both sign and 

paired t-tests with significance set at the α = 0.05 level (Sokal and Rohlf 1995). 

Allelic richness was also used to quantify the level of genetic diversity present in 

each group. Because the number of alleles found in a sample is influenced by 

sample size, and the sample size varied between study sites (Grebe and Wolf 

lakes, N = 95 individuals; Gibbon River, N = 66 individuals) rarefaction was used 

to standardize sample size. The program HP-RARE was used for this analsyis, 

and the sample size was standardized to 100 genes (or, equivalently 50 

individuals) per population (Kalinowski 2005). The number of private alleles 

(alleles found in only one population) was also estimated using rarefaction at the 

sample size (100 genes per population). Differences in private allelic richness 

between source groups were compared using a sign test with significance set at 

the α = 0.05 level (Sokal and Rohlf 1995; Kalinowski 2005). Genetic 
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differentiation measured by FST between source groups was estimated using 

GENEPOP (Raymond and Rousset 1995) and FSTAT version 2.9.3.2 (Weir and 

Cockerham 1984; Goudet 1995). Bootstrapping was used to calculate associated 

95% confidence limits in FSTAT. The statistical significance of differences in 

allele frequencies between source groups was tested using the genic 

differentiation test of Fisher as implemented by GENEPOP (Raymond and 

Rousset 1995). Last, we used STRUCTURE version 2.2 (Pritchard et al. 2000) to 

group individuals into populations using only the genotypes of the individuals. 

The number of populations assumed to be present was varied from one to four, 

and the posterior probability (Ln(D)) associated with each number was used as a 

measure of support present in the data. 

 In addition to genetic comparisons, lengths-at-age of Arctic grayling 

sampled in the Gibbon River system were compared to determine if differences 

existed between source groups. Data were not compared with fish from other 

sources (including the Big Hole River, Montana) because productivity in the 

Gibbon system may differ considerably from other systems because of drainage 

size, latitude, and thermal regime, potentially confounding length-at-age 

comparisons. Significantly higher lengths-at-age in lacustrine versus stream-

dwelling fish have been documented in multiple systems (Hutchings 1986; 

O’Connell and Ash 1993; Halvorsen 1996; Dempson et al. 1996; Erkinaro et al. 

1998). Thus, significantly higher lengths-at-age in lake-caught versus river-
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caught fish would provide support for the existence of a fluvial grayling population 

in the Gibbon River.  

 Scales were used to age Arctic grayling caught in the Gibbon River 

system because they can be collected non-lethally (Devries and Frie 1996) and 

are relatively accurate (Stuart and Chislett 1979). Although otoliths have been 

deemed more appropriate for ageing grayling in northern latitudes (DeCicco and 

Brown 2006), discrepancies in age determination between the two methods are 

minimal within the average lifespan of grayling found in Montana and Wyoming 

(Shepard and Oswald 1989; Kaya 1990). Scale samples and total length (mm) 

were collected from each grayling caught by electrofishing, weir-trapping, and fly-

fishing in the Gibbon River system during 2005 and 2006. About five to ten 

scales were removed from a location dorsal to the lateral line on the left side of 

each grayling (Devries and Frie 1996). 

Scales were impressed onto acetate slides and photographed under 25 X 

magnification using a Pixera Pro 150ES digital camera coupled with an Olympus 

SZ-CTV microscope. Images were uploaded and prepared for analysis using 

Viewfinder version 3.0 software. Growth increments were measured from scale 

radii with SigmaScan Pro image analysis software version 5.0.0 (SPSS Inc., 

Chicago, Illinois). Ages were assigned based on the number of annuli present 

(Devries and Frie 1996). I independently measured each image twice to estimate 

precision using the coefficient of variation (CV) (Chang 1982; Campana 2001): 
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ijX = the ith age determination for the jth fish, 

jX = the mean age estimate for the jth fish, and 

R = the number of age determinations made for each fish. 

 

 The majority of Arctic grayling scale samples collected during 2005 and 

2006 in the Gibbon River system originated from Grebe and Wolf lakes (Table 7). 

Few samples were unsuitable for analysis of age and growth because of poor 

scale condition (Table 7). Mean CV values and associated standard errors (s) of 

age determinations were similar for lake and river-caught fish (Table 7).  

 
Table 7.—Number of Arctic grayling scale samples obtained from the Gibbon 
River system, YNP, during 2005 and 2006 with associated average, minimum, 
and maximum coefficient of variation (CV) values and standard errors (s) 
associated with age determinations. 
 

Source n1 n2  CV Min CV Max CV s(CV) 
Grebe and Wolf lakes 74a

  71a 3.41 0.00 28.28 7.68
Gibbon River 27 24 3.86 0.00 28.28 8.74
Total 101 95      

n1 = number of scale samples collected and analyzed. 
n2 = number of scale samples suitable for age estimation. 
aSixteen of these samples were weir-caught. 
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 Lengths-at-age were back-calculated using the Fraser-Lee method 

(Devries and Frie 1996) employing the intercept value (a) of 51.5 mm (total 

length) for Montana grayling (Brown 1943) because too few fish were sampled to 

develop a system-specific value. Mean lengths and associated 95% confidence 

intervals were calculated for age-1 through age-4 fish by source (i.e., Gibbon 

River and Grebe and Wolf lakes fish). Age-5 and age-6 fish from Grebe and Wolf 

lakes were not included in analyses because none were sampled from the 

Gibbon River. Mean lengths of grayling at each age were compared between 

source groups using Welch’s two-sample t-test (α = 0.05) because 

heteroscedasticity was detected among ages (Zar 1984). Factorial analyses of 

variance and covariance were not employed to compare lengths of grayling 

between sources and between age groups because an appropriate 

transformation was not detected to normalize heteroscedasticity.  

 
Spawning Success of Arctic Grayling in the Gibbon River, YNP 

 
 

The presence of Arctic grayling fry in the Gibbon River below Little Gibbon 

Falls would indicate successful spawning in the river. Stationary fry traps were 

used to detect the presence of grayling fry in the river. This method was used 

because electrofishing is ineffective for small fish (Reynolds 1996) and 

identification of fry to species while snorkeling is difficult (Dolloff et al. 1996).  

My trap nets were identical to those used by Gale (2005). They were 

manufactured by Research Nets, Inc., and had a rectangular entrance 61 cm 
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high x 91 cm wide with a 305-cm long net (1.6 mm mesh) attached to a PVC 

collar (11.4 cm diameter) that led to a 61 x 61 x 61 cm live box (1.6 mm mesh) 

(Figure 5).   

 
Figure 5.—Fry trap at site 8 in stratum 2 in the Gibbon River, YNP, where it was 
periodically deployed during 2005 and 2006. 
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Traps were longitudinally distributed at 12 sites (Figure 6) along the 

Gibbon River system during 2005, within the confines of access and substrate 

(e.g., bedrock prevented installation), in preferred age-0 Arctic grayling habitat 

(Nelson 1954; Armstrong 1986; Deleray 1991). Traps were deployed twice per 

month for 24 to 48 hours to capture potential daytime and presumed nocturnal 
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movements (Kruse 1959; Lund 1974; Deleray 1991). Forty-eight-h deployment 

was performed when possible, yielding an average number of fry caught per 24-h 

period. Traps were deployed from early June through mid-September, relating to 

previously observed spawning times for grayling near Grebe and Wolf lakes 

(Kruse 1959; D. Mahony, YNP, personal communication), temperature-based 

predictions for grayling emergence in Montana (Nelson 1954; Watling and Brown 

1955; Northcote 1995), and observed spawning times for Montana grayling 

populations (Nelson 1954; Shepard and Oswald 1989; Kaya 1990; Deleray 1991; 

Northcote 1995; Mogen 1996; Kaeding and Boltz 1999). All fry were counted and 

frozen for subsequent identification in the laboratory if field identification was 

impossible (Weisel 1966; Barndt 1996). Fish other than grayling were not 

identified to species. 

Fry-trapping effort was reallocated in 2006, targeting areas of prior fry 

detection to maximize sampling effort (Figure 6). Sites 11 and 12 in stratum 4 

were eliminated because of their proximity to adfluvial Arctic grayling in Grebe 

and Wolf lakes. Sites 10, 7, 5, 3, and 1 were not retained because of their poor 

fry yields in 2005. Two new sites (3B and 5B) were added in stratum 1 based on 

its relatively high fry yield in 2005. Traps were deployed on a three-week rotation 

to avoid lunar-cycle bias. Traps were deployed earlier in 2006 than in 2005 (mid-

May versus mid-June) because sites were already established and logistical 

constraints were reduced. Deployment continued through mid-September in 
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2006 as in 2005. All other sampling protocols used in 2005 were repeated in 

2006. 

 
Figure 6.—Stationary fry trap distribution along the Gibbon River system, YNP, 
during 2005 and 2006. Sites 1-12 (excluding 3B and 5B) were deployed during 
2005 whereas sites 2, 3B, 4, 5B, 6, 8, and 9 were deployed during 2006. 
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 Trap efficiency was directly and indirectly tested during 2005 and 2006 

(Hennessey 1998). Indirect efficiency was estimated by calculating the 

percentage of discharge sampled by each trap. Depth and velocity were 

measured at five equidistant points upstream (less than 0.5 m) from each trap. 

Discharge sampled by each trap was estimated as the mean velocity multiplied 
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by the area sampled. The area sampled was estimated as the mean depth 

multiplied by the width of the trap. The percent discharge sampled by each trap 

was calculated by dividing the discharge sampled by each trap by the total 

discharge. Total discharge was estimated for the entire channel as the sum of all 

discharge estimates. Depth, velocity, and channel width were recorded channel-

wide every 0.5 m concurrently at each site. Discharge was estimated every 0.5 m 

by multiplying the velocity by the area associated with each velocity. The area 

associated with each velocity was calculated by multiplying depth at each 

recording by the distance between recordings. The number of fry in the river at a 

given site was then calculated as a function of the number of fry caught and the 

sampling efficiency of that site’s trap. Cross-sectional discharge estimates were 

taken at trap sites using a Marsh-McBirney Flowmate™ digital flow meter, 

coinciding with trap deployment to account for any trap-induced discharge 

impediment.   

 Direct trap efficiency testing involved marking and re-trapping of fry. Fry 

marking was performed if at least 10 fry were collected (Gale 2005). Fry were 

marked by immersion in a 1:30,000 solution of Bismarck Brown Y dye for about 1 

h with an aerator to minimize stress-induced mortality (Kelsch and Shields 1996). 

Fry were then released in a suitable pool about 50 m upstream from the trap 

(Gale 2005). The trap remained deployed for a second 24-h period, with 

efficiency calculated as the number of marked fry caught divided by the total 

number dyed and multiplied by 100 (Gale 2005). Direct efficiency was estimated 



 39

only once per week at any given site, if enough fish were captured, because 

dyed fish remain discolored for at least 4 days (Hennessey 1998). Efficiency was 

directly estimated only at sites 12 and 2 during 2005 and 2006, respectively, 

because of limited catches of live fry at other sites. 

 Direct and indirect efficiency estimates were similar at site 2 (4.3% and 

4.7%, respectively) in 2006. Efficiency estimated directly at site 12 was lower 

than efficiency estimated indirectly (18.2% and 52.6%, respectively). However, 

indirect efficiency was used to approximate fry abundances because of the 

limited number of direct efficiency estimates. Indirect efficiency estimates for 

closest dates in 2006 were used in lieu of missing 2005 estimates because 

values were similar for comparable dates between years. Indirect efficiencies 

ranged across all trapping periods from 1.1% at site 10 to 52.6% site 12 in 2005 

whereas they ranged from 1.1% at site 5B to 36.6% at site 9 in 2006. The 

greatest variability between years occurred at site 9 in mid June, ranging from 

16.7% in 2005 to 35.7% in 2006. No variability in efficiency (1.2%) between years 

was detected at site 6 in mid September in both years. The area-under-the-curve 

method (AUC) (Sigma Plot 9.0, English et al. 1992) was used to estimate the 

annual number of fry that moved downstream at each trap site during each of 

2005 and 2006. 
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RESULTS 
 
 

Arctic Grayling Abundances in the Gibbon River, YNP 
 
 

 Few Arctic grayling were detected in the Gibbon River, YNP, during 2005 

and 2006. Four grayling were caught electrofishing in both 2005 and 2006 

whereas no to four fish were observed by snorkelers in each sample period in 

2005 and 2006. Fewer grayling were detected by snorkelers in 2006 than in 

2005. Nearly all grayling were detected in strata 1 and 2 and similar numbers of 

grayling were detected in those strata in both years (Tables 8 and 9). No and one 

grayling were detected in strata 3 and 4, respectively, in both years. Most 

grayling were detected during mid June through late August in both years. 

Anglers caught 12 and 9 grayling in 2005 and 2006, respectively, with the 

majority of these fish caught in stratum 2 during June in both years. 

 Estimated Arctic grayling abundances varied considerably in both 2005 

and 2006 (Tables 8 and 9). Abundances estimated using the Chapman 

modification were consistently higher, reflecting the low numbers of grayling 

caught (Tables 8 and 9). However, estimated s values (i.e., “representative” 

deviations from the mean) associated with abundances were generally high. 

Estimated mean numbers of grayling per km ranged from 0 to 8 and 0 to 19 

without and with the Chapman modification, respectively, in 2005 (Figure 7). 

Estimated mean numbers of grayling per km ranged from 0 to 9 and 0 to 27 

without and with the Chapman modification, respectively, in 2006 (Figure 8).  
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Table 8.—Estimated abundances ( τ̂ ) with associated standard errors (s) of Arctic grayling in the Gibbon River, 
YNP, in each stratum in each sample period, 2005. Estimates incorporating the Chapman modification are shown in 
italics. Estimates were not made for stratum 3 because only one reach there was adequately sampled in 2005. 
 

  Sample period 
  6/17-7/1b

     6/29-7/28b 7/28-8/9c 8/23-8/25c 9/22-9/25c

Stratum  s  s  s  s  s 
1 0 0.00 62 22.59 102 107.43 0 107.43 26 107.43

 82 0.00 128 16.80 - - - - - - - - - -
- -

 
2 0 0.00 25 4.95 95 3538.17 95 3538.17 32 3538.17

 260 16.69 421 16.69 - - - - - - - - - - - -
 
4a

τ̂ τ τ ττ̂ ˆ ˆ ˆ

41

 0 0.00 0 0.00 0 12450.29 0 12450.29 0 12450.29

 186 0.00 186 0.00 - - - - - - - - - - - -
aArctic grayling in stratum 4 were considered adfluvial fish based on proximity to headwater lakes. 
bEstimates based on electrofishing counts. 
cEstimates based on snorkeling counts. 

 

 



42

Table 9.—Estimated abundances ( τ̂ ) with associated standard error (s) of Arctic grayling in the Gibbon River, YNP, 
in each stratum in each sample period, 2006. Estimates incorporating the Chapman modification are shown in italics. 

 Sample period 
 5/30-6/9b

 16

 

 

 

     6/19-7/4b 7/24-8/5b 8/22-8/25c 9/23-9/26c

Stratum τ̂  s τ̂  s τ̂  s τ̂  s τ̂  s 
1 0 0.00 74 46.30 50d

 42.87 57 1457.95 0 1457.95
 
 181 0.00 253 48.17 235d

 

 

46.38 - - - - - - - -
 
2 0 0.00 109 30.67 0 0.00 23 1492.31 0 1492.31
 
 391 0.00 506 36.39 391 0.00 - - - - - - - -
 
3 0 0.00 0 0.00 0 0.00 0 4611.58 0 4611.58
 
 87 0.00 87 0.00 87 0.00 - - - - - -

- -

 
4a 93 76.57 0 0.00 0 0.00 0 12450.29 0 12450.29

 
  286 89.62 186 0.00 186 0.00 - - - - - - - -

aArctic grayling in stratum 4 were considered adfluvial fish based on proximity to headwater lakes. 
bEstimates based on electrofishing counts. 
cEstimates based on snorkeling counts. 
dEstimates based on recapture of one grayling caught in prior sample period. 
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Figure 7.—Estimated mean numbers of Arctic grayling per km (without and with 
the Chapman modification, respectively) in the Gibbon River, YNP, 2005. 
Estimates were not made for stratum 3 because only one reach there was 
adequately sampled in 2005. Estimated mean abundances are zero where no 
bars are shown. The Chapman modification was only applicable to estimates 
produced from mark and recapture electrofishing data (i.e., the first two sample 
periods). 
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Figure 8.—Estimated mean numbers of Arctic grayling per km (without and with 
the Chapman modification, respectively) in the Gibbon River, YNP, 2006. 
Estimated mean abundances are zero where no bars are shown. The Chapman 
modification was only applicable to estimates produced from mark and recapture 
electrofishing data (i.e., the first three sample periods). 
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 Estimated minimum grayling abundances produced from angler data 

ranged from no to three and no to five fish per sample period per stratum in 

2005 and 2006, respectively. Estimates of angler CPUE (i.e., number of grayling 

caught per angler-hour) for grayling in the Gibbon River ranged from 0.17 to 

0.37 (n = 4) and 0.03 to 0.29 (n = 4) in 2005 and 2006, respectively. Estimated 

grayling CPUE in headwater lakes ranged from 0.42 to 0.80 (n = 2) in 2005. 

Non-grayling CPUE estimates ranged from 0.50 to 1.89 (n = 4) and 0.09 to 0.65 

(n = 6) in 2005 and 2006, respectively. 

 Seventeen adfluvial Arctic grayling were caught on the weir installed 

upstream of Little Gibbon Falls during 2006 (Figure 9). All of these fish were 

caught during June and the majority were caught during the first half of the 

month (Figure 9). All grayling caught were dead upon detection except for one 

fish. Mortality likely occurred because of fish impingement and subsequent 

suffocation on weir surface. Grayling caught ranged from 60 to 273 mm (total 

length) though all fish but one were greater than 200 mm (Figure 10). Sex was 

determined for 12 of the 17 fish caught with 6 males and 6 females. 
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Figure 9.—Numbers of Arctic grayling caught on a weir installed on the Gibbon 
River, YNP, from June through September 2006. No grayling were caught after 
6/20. 
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Figure 10.—Length frequencies of Arctic grayling caught on a weir installed on 
the Gibbon River, YNP, from June through September 2006. 
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The Source of Arctic Grayling Detected in the Gibbon River 
 
 

 Hardy-Weinberg tests showed a few statistically significant departures 

from expectations, but no noteworthy trends. Differences between He and 

observed heterozygosity (Ho) within both source groups were not significant 

except at the Tar100 locus for river-origin fish (p = 0.05). Lake-source fish 

deviated significantly from HW equilibrium at two of the twelve loci examined 

(Tar109, p = 0.01 and Tar114, p = 0.01), leading to significant deviation across 

all loci (p = 0.02).  

The level of He for individual loci within source groups ranged from 0.67 

(river-origin, Tar103) to 0.92 (lake-origin, Tar115; river-origin, Tar110). The He of 

river-origin fish was significantly lower than that of lake-origin fish according to 

sign-test (p = 0.02) and paired t-test (p = 0.005) results (Table 10). 
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Table 10.—Genetic variability at 12 microsatellite loci in Arctic grayling caught in 
the Gibbon River system, YNP. 
 

 Population 

 
Grebe and Wolf lakes 

(n = 95) 
Gibbon River 

(n = 66) 
Locus He He

OMM1037 0.76 0.69 
Tar100 0.89 0.89 
Tar101 0.86 0.85 
Tar103 0.70 0.67 
Tar104 0.86 0.81 
Tar105 0.87 0.84 
Tar106 0.91 0.83 
Tar108 0.83 0.83 
Tar109 0.83 0.80 
Tar110 0.91 0.92 
Tar114 0.88 0.87 
Tar115 0.92 0.91 
Multilocus average 0.85 0.83 

He = Expected heterozygosity 

  

 Allelic richness test results demonstrated little difference between Arctic 

grayling source groups, unlike He trends. Rarefaction results indicated a total of 

163 and 154 alleles in lake-origin and river-origin fish, respectively. The total 

number of alleles per locus among all grayling caught varied from 7 at Tar103 in 

both source groups to 21 at Tar114 in lake-origin grayling. Twenty-four and 15 

private alleles were found in lake-origin and river-origin groups, respectively, after 

rarefaction. Further, the number of private alleles were not significantly different 

between source populations according to sign test results (p = 0.30). Eleven of 

24 private alleles in the lake-origin fish were found at Tar108, Tar109, and 
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Tar114 whereas 7 of 15 were found at Tar100, Tar105, and Tar114 in river-origin 

fish. 

 Multilocus genetic differentiation between lake-origin and river-origin Arctic 

grayling was low (FST = 0.0021 ± 0.002) (Frankham et al. 2002). Although genic 

differentiation was significant between source groups (p = 0.01), only two of the 

twelve loci analyzed were significant (p = 0.04 at Tar100 and p = 0.04 at 

OMM1037). Output from STRUCTURE corroborated genetic differentiation 

results, indicating that all samples most likely belonged to one population rather 

than two or three separate groups. The estimated posterior probability of K, the 

hypothetical number of populations, was greatest as K approached 1 (K = 1, -

8763.2; K = 2, -8831.7; K = 3, -8956.4, K = 4, -9284.0). 

 Age-1, age-3, and age-4 fish from Grebe and Wolf lakes and the Gibbon 

River did not differ in size (Figure 11 and Table 11). However, age-2 fish from the 

Gibbon River were significantly smaller than fish of the same age from Grebe 

and Wolf lakes (Figure 11 and Table 11). Fish from Grebe and Wolf lakes grew 

more than Gibbon River fish between ages 1 and 2 whereas fish from the Gibbon 

River grew more between ages 2 and 3 than Grebe and Wolf lakes fish (Figure 

11). 
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Table 11.—Sample sizes (n) and p-values from Welch’s two-sample t-tests (α = 
0.05) comparing mean lengths-at-age (mm) of Arctic grayling sampled in the 
Gibbon River system, YNP. Age-5 and age-6 fish from Grebe and Wolf lakes 
were not included in analyses because none were sampled from the Gibbon 
River.  
 

 Age 
n 1 2 3 4 5 6 

Grebe and Wolf lakes 71 71 71 17 4 1
Gibbon River 24 23 22 5 - - - -
p-value 0.287 < 0.001 0.540 0.767 - - - -

 
 
 
 
 
Figure 11.—Mean total lengths (mm) with associated 95% confidence limits for 
age-1 through age-4 Arctic grayling from the Gibbon River system, YNP. 
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Spawning Success of Arctic Grayling in the Gibbon River, YNP 
 
 
 No Arctic grayling fry were detected in the Gibbon River below Little 

Gibbon Falls in both 2005 and 2006. Although an estimated 1,299 ± 1,265 

grayling fry were present at site 12 (near Wolf Lake) in 2005, these fish are 

distinct from any river population because of the site’s proximity to lacustrine 

grayling populations (Tables 12 and 13). However, these data confirm that the 

nets used were capable of catching grayling fry when present. An estimated 

54,151 ± 31,220 salmonid fry were present at twelve trap sites from June through 

September 2005 whereas an estimated 160,757 ± 35,860 salmonid fry were 

present at seven trap sites during May through September 2006 (Table 12). The 

increase in the estimated number of fry present from 2005 to 2006 likely reflects 

the reallocation of effort to areas of prior fry detection and the extended trapping 

season. The relatively large estimated numbers of fry present from mid-June 

through mid-July during both 2005 and 2006 correspond to emergence periods 

for salmonids residing throughout the Gibbon River (Figure 12) (Varley and 

Schullery 1998).  
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Table 12.—Estimated number of salmonid fry present (based on the AUC 
method) in the Gibbon River, YNP, 2005 and 2006.  
 

  
 

Number present 
Stratum Site 2005 2006 
1 1 9,491 ± 6,958 - -  
 2 31,005 ± 42,164 40,828 ± 27,011 
 3 0 - -  
 3B - - 46,242 ± 19,320 
 4 10,493 ± 2,909 63,593 ± 32,289 
 5B - - 2,999 ± 1,860 
2 5 0 - -  
 6 426 ± 258 0 
 7 0 - -  
  8 308 ± 59 6,723 ± 12,274 
3 9 37 ± 8 372 ± 87 
  10 0 - -  
4 11 716 ± 141 - -  
 12 1,299 ± 1,265a

 

 

 

- -  
  376 ± 376b - -  
 1,675 ± 1,775c - -  

Total  54,151 ± 31,220 160,757 ± 35,860 
aTotal estimated number of Arctic grayling fry present at site 12. 
bTotal estimated number of rainbow trout fry present at site 12. 
cTotal estimated number of salmonid (i.e., rainbow and grayling) fry 
present at site 12. 

 
 
 
 
Table 13.—Fry caught per 24 hours during each trapping period at site 12 in the 
Gibbon River, YNP, 2005. Arctic grayling caught were adfluvial fish originating in 
Grebe or Wolf lakes. 
 
 Catch by trapping period  

Species 
6/13-
6/15 

7/6-
7/8 

7/18-
7/20 

8/3-
8/5 

8/18-
8/20 

9/3-
9/5 

9/16-
9/19 Total 

Arctic grayling 0 1 15 27 0 0 0 43
Rainbow trout 0 0 0 0 7 3 2 12
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Figure 12.—Estimated mean number of salmonid fry present at each trap site in 
the Gibbon River, YNP, during each trapping period in 2005 and 2006, 
respectively. Sites not shown include 3, 5, 7, and 10 during 2005 and site 6 
during 2006 because no fry were caught at these locations during respective 
years. 
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DISCUSSION 
 
 

Abundances of Arctic Grayling in the Gibbon River, YNP 
 
 

 It is unlikely that estimated abundances of Arctic grayling represent a 

viable population in the Gibbon River. The largest estimated abundances would 

be expected in stratum 1 if a viable population of fluvial grayling existed in the 

river because it is the only stratum grayling historically inhabited (Varley and 

Schullery 1998). However, the estimated abundances were comparable between 

stratum 1 and stratum 2 in both years (Tables 8 and 9), potentially representing 

lacustrine emigrants temporarily occupying those strata. Further, estimated mean 

numbers of grayling per km incorporating the Chapman modification decrease 

with increasing distance from headwater lakes, suggesting downstream 

movement of lacustrine fish. Estimated grayling densities in the Gibbon River are 

comparable to those of the Big Hole River, Montana (Kaya 1990; Magee et al. 

2006) and far below densities in Canada and Alaska (Northcote 1995), indicating 

that abundances do not represent a viable population. Additionally, if effective 

population sizes per stratum are about one-third estimated abundances 

(Frankham 1995), no to 152 grayling (equivalently zero to six fish per km) 

contribute to population persistence in the river (Tables 8 and 9; Figures 7 and 

8). Impaired reproductive success (i.e., Allee effects) may result as a function of 

the difficulty in finding a mate (Myers et al. 1995), particularly because the 

majority of estimated effective population densities in the Gibbon were well below 
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densities found in most other systems (Northcote 1995). Effects may also include 

the breakdown of social and migratory patterns, reduced predator or competitor 

evasion, and the failure to secure adequate food resources (Frank and Brickman 

2000). 

 Although angler data is often prone to bias (Gabelhouse and Willis 1986) 

and few estimates of minimum abundance and CPUE were made in the Gibbon 

River, data represent targeted efforts and demonstrate the scarcity of Arctic 

grayling in the river. Estimates of angling CPUE for grayling were well below 

those of the Kakisa River, Northwest Territories (Moshenko and Low 1983) and 

the Ruby River, Montana (Lamothe and Magee 2004), where grayling have been 

introduced by MFWP since 1997 (Magee et al. 2006). Estimated CPUE for 

grayling was lower in the Gibbon River than it was in headwater lakes. 

Additionally, estimated CPUE was lower for grayling than it was for other 

salmonids. These data further suggest that very few grayling reside in the Gibbon 

River. 

 Estimating abundance of rarely encountered species is difficult (Bayley 

and Peterson 2001) and often plagued by high variability (S. Cherry, Montana 

State University, personal communication). Variable abundance estimates based 

on sparse detection data illustrate the scarcity of grayling in the river. Reported 

estimates of representative deviation (i.e., estimated standard errors) underscore 

the variability in estimated abundances (Tables 8 and 9). Although there were 

various sources of potential bias and large errors associated with estimates of 
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Arctic grayling abundance, it should be emphasized that very few fish were 

detected in the Gibbon River in both 2005 and 2006 despite intensive sampling 

efforts employing multiple techniques. Further, the most appropriate approach to 

abundance estimation was used and the associated variability should not 

overshadow the demonstrated scarcity of grayling in the Gibbon River (S. Cherry, 

Montana State University, personal communication). 

  Estimating accurate and precise parameters for rarely detected species is 

difficult (Bayley and Peterson 2001) and prone to bias (Gu and Swihart 2004). 

Myriad methods of abundance estimation are employed by fishery biologists to 

minimize bias, from maximum-likelihood estimators (Seber 1973; Otis et al. 1978; 

Kruse et al. 1998; Mitro and Zale 2000; Pearsons and Temple 2007) to the 

Petersen method (Ricker 1975). I did not employ one of the many maximum-

likelihood models because each required a minimum capture probability of 0.10 

with five or more recapture events to produce unbiased estimates (Otis et al. 

1978). My electrofishing capture probabilities were generally less than 0.10 

(Tables 4 and 5) and only three electrofishing estimates were logistically feasible 

in each of 2005 and 2006. Additionally, the Petersen method used, with and 

without the Chapman modification, is a well-established and unbiased estimator 

of abundance (Ricker 1975).  

 Several approaches can be employed to estimate capture probability (q) 

for single-pass electrofishing using mark and recapture techniques (Ricker 1975; 

Kruse et al. 1998; Pearsons and Temple 2007). Though some calculate 
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estimated q ( ) as the number of marked fish caught in the second sample (r) 

divided by the total number of fish marked (m) (Ricker 1975), this ignores the 

total number of fish caught in the second sample (c) (S. Cherry, Montana State 

University, personal communication). However, I used the formula (r/c) because 

it addresses this discrepancy (S. Cherry, Montana State University, personal 

communication) and is preferred when many fish are recaptured (Ricker 1975). 

Further, this application of for similar species to counts of rarely encountered 

fish produces valid estimates of abundance (Pearsons and Temple 2007).  

q̂

q̂

 Applying values pooled by habitat-type to Arctic grayling counts was not 

the only possible approach to estimating abundances. Estimated efficiencies 

could have been pooled by stratum, altogether, or averaged by any one of these 

criteria. Estimates could not be pooled by habitat-type within strata because of 

low recapture rates. However, values were not pooled by stratum or altogether 

because this would have ignored potential variability between habitat-type 

reaches. Averaging values by any criterion would not have accounted for 

differences in numbers of fish caught among estimates and resulting 95% 

confidence intervals would have assumed a normal distribution. 

q̂

q̂

q̂

 Ignoring basic assumptions associated with sampling techniques is a 

common “sin” amongst biologists (Sutherland 2006) and a large potential source 

of bias in abundance estimation (Koper and Brooks 1998). Bias in abundance 

estimates of Arctic grayling in the Gibbon River may have stemmed from the 
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violation of one or more assumptions associated with the sampling techniques 

employed. Potential violations associated with mark and recapture electrofishing 

and the Petersen estimator of abundance include non-random sampling, loss of 

marks, recruitment, mortality, emigration, immigration, and unequal catchability of 

all targeted individuals (including marked and non-marked fish) (Ricker 1975; 

Bohlin et al. 1989). Random sampling implies that fish are independently and 

randomly distributed throughout the sample reach and are not avoiding or 

seeking capture. Although violating this assumption may have lead to abundance 

underestimation, fish avoidance of electrofishing equipment is generally brief 

(Paller 1995; Young and Schmetterling 2004), negligibly affecting resulting 

estimates (Young and Schmetterling 2004). Loss of marks can also be ignored 

because fin clips were used to identify fish. Violating the assumption of a closed 

target population may have lead to negative bias in abundance estimates 

(Peterson et al. 2005). Although block nets are useful for minimizing this bias 

(Peterson et al. 2005), they were not employed because they do not significantly 

affect mark and recapture estimates of salmonid abundance in montane streams 

(Young and Schmetterling 2004).  

 Erroneously assuming equal q amongst all fish may have contributed most 

to bias in Arctic grayling abundance estimates. Although estimating grayling-

specific q was preferable, low catches precluded this approach. However, the 

grayling’s general territoriality (Northcote 1995, 1997), preference for pool habitat 

(Shepard and Oswald 1989; Kaya 1990), and large scales imply it may have 
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been more susceptible to capture by electrofishing than other salmonids. This 

discrepancy would have lead to an overestimation of abundance when salmonid 

 was applied to grayling counts. Inflated values for each stratum would have 

resulted when biased estimates of abundance for each reach were expanded. 

This bias was minimized by estimating  for all salmonids caught, reflecting a 

range of habitat uses and behaviors (Varley and Schullery 1998).  

q̂

q̂

 Snorkeling may have also produced bias in estimates of Arctic grayling 

abundance (Thurow 1994). Although precise estimates of fish abundance can be 

obtained by underwater observation (Schill and Griffith 1984; Dolloff et al. 1996), 

bias can result from diver-induced fish response (Peterson et al. 2005) and 

inadequate detection resulting from poor visibility (Hagen and Baxter 2005), 

species misidentification, and variation in depth, temperature, and habitat use 

(Dolloff et al. 1996). The calibration ratio ( R̂ ) was used to account for these 

biases, correcting snorkel counts using electrofishing estimates (Dolloff et al. 

1993). Sampling occurred when turbidity was low during optimal daylight (1000 to 

1600) using multiple divers when necessary (Dolloff et al. 1996), further 

diminishing bias. Although grayling resemble mountain whitefish, the species 

were morphologically distinguishable by divers. Temperature-related bias was 

minimized by performing surveys during summer (Rodgers et al. 1992). Further, 

the grayling’s habitat use and territoriality (Northcote 1995, 1997) likely increased 

its detectability by divers (Hillman et al. 1992). 
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 Spurious conclusions can result when an inadequate area is sampled on 

the reach and system scale (Paller 1995). The distribution of Arctic grayling may 

have been insufficiently represented by the relatively small proportion of the 

Gibbon River sampled. However, portions of the river I was unable to sample by 

electrofishing or snorkeling included little preferred grayling habitat (e.g., 

waterfalls, rapids, thermal features) (Kaya 2000) and were therefore unlikely to 

harbor many fish. Further, stationary fry traps were employed in these areas to 

capture grayling fry if present. Reach-scale bias may have resulted by sampling 

fewer large reaches rather than many small ones (Sutherland 2006). However, 

longer reach lengths are required when attempting to sample sporadically 

occurring species (Paller 1995). Thus, I sampled 500-m reaches to maximize 

sampling effort and the chance of encountering grayling. Sampling by habitat-

type using longer reaches further minimized bias associated with rare species 

detection and low electrofishing efficiency (Paller 1995).  

 The detection of 17 Arctic grayling on the weir installed above Little 

Gibbon Falls in 2006 demonstrates movement of grayling from headwater lakes 

into the river. This movement is likely associated with spawning activity because 

all but one grayling caught were adults and no grayling were detected after mid 

June, corresponding to the end of spawning by Grebe Lake grayling (Kruse 

1959). Although more grayling may have been captured if the weir had been 

installed before June, the movement observed suggests that grayling likely enter 

the Gibbon annually.  
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The Source of Arctic Grayling in the Gibbon River, YNP 
 

 
 It is unlikely that Arctic grayling caught in the Gibbon River represent a 

native, self-sustaining fluvial population. Arctic grayling detected in the Gibbon 

River can be explained by one of two hypotheses: 1) river fish represent a self-

sustaining native population of fluvial grayling, or 2) fish detected in the river 

originated from stocked headwater lakes. Although sign and paired t-test results 

indicating significantly lower He in river grayling may reflect a river population 

suffering from founder effects (Frankham et al. 2002), analyses of genetic 

differentiation, private allelic richness, and genetic structure do not support this 

theory. The degree of genetic differentiation between lake-source and river-

source fish (FST = 0.0021 ± 0.002) indicates that over 99% of genetic variation in 

all Arctic grayling sampled resided within groups and less than 1% between 

them. European grayling populations separated for less than 60 years 

demonstrate higher levels of differentiation than was found in the Gibbon River 

system (Melgaard et al. 2003), rendering the persistence of a glacially relic fluvial 

population unlikely. Even grayling separated by 55 km without barriers to 

movement exhibit higher FST values than detected in the Gibbon system 

(Koskinen et al. 2001). The failure to detect a significant difference in private 

allelic richness after rarefaction between source groups supports the hypothesis 

that river-caught fish originated in headwater lakes. Further, STRUCTURE 

assigned all samples to a single population.  
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 Although genetic analyses generally support the hypothesis that Arctic 

grayling in the Gibbon River represent emigrants from headwater lakes, lower He 

in river fish suggests a more complex scenario. The very low FST value indicates 

that grayling from throughout the Gibbon system unlikely originated from different 

sources, supported by the association of higher values with geographically 

connected (Koskinen et al. 2001) and recently separated (Melgaard et al. 2003) 

European grayling populations. Comparable allelic and private allelic richness 

between groups indicates common origins, further supported by STRUCTURE’s 

assignment of all fish to a single cluster. However, lower He in river fish indicates 

that successful reproduction occurred recently in the river or that population 

structure exists among headwater lake fish. Successful river reproduction may 

have resulted between emigrants from headwater lakes or between headwater 

lake fish and native fluvial grayling. A strong bottleneck signal would have likely 

been detected as low allelic richness, low He, and no private alleles (Kinnison et 

al. 2002; Ramsted et al. 2004) if fish from Grebe and Wolf lakes colonized the 

Gibbon River since original lake stocking in 1921 (Varley 1981). However, allelic 

richness of river grayling was notably higher than in some European grayling 

populations (Koskinen et al. 2001) and freshwater fishes in general (DeWoody 

and Avise 2000). Also, no difference in the number of private alleles was 

detected. Further, lacustrine fish do not successfully adapt to the fluvial life 

history despite the success of fluvial fish in lacustrine habitat (Kaya 1991; Kaya 

and Jeanes 1995). Fluvial grayling demonstrated loss of rheotaxis about two 
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generations after Meadow Creek, a tributary to the Madison River, was converted 

to Meadow Lake (i.e., Ennis Reservoir) in 1900 (Kaya 1992). However, no 

empirical studies have examined this phenomenon (Kaya 1992). 

 Alternatively, if an extant Gibbon River population was founded by both 

headwater lakes and native fluvial fish, allelic richness and He may be high and 

few to no private alleles would be observed (Small et al. 2006). However, I failed 

to detect a significant difference in numbers of private alleles between source 

groups. Further, very little genetic differentiation was detected between groups 

and STRUCTURE assigned all fish to a single population. Although overall high 

allelic richness and He were observed in river fish, life history differences 

between lacustrine and fluvial fish undermine the mixed-source hypothesis. 

Spawning times of fluvial and lacustrine Arctic grayling in Montana generally 

differ as a function of temperature gradient between river and lake systems 

(Kaya 2000), a phenomenon potentially amplified by the geothermal influences in 

the Gibbon River. As indicated previously, lacustrine fish do fully adapt to the 

fluvial life history (Kaya 1991; Kaya and Jeanes 1995).  

 Based on available evidence, the lower He in river fish most likely reflects 

low levels of population structure among headwater lake fish. In this scenario, 

Arctic grayling caught in the Gibbon River represent emigrants from a subset of a 

Grebe or Wolf Lake population that spawn in the Wolf Lake outlet (i.e., the 

Gibbon River), suggesting structure in these lakes. Strays of this subset may 

have passed over barriers to upstream movement (i.e., Little Gibbon Falls, 
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Virginia Cascade, Gibbon Falls) seeking suitable spawning habitat, supported by 

the territoriality (Northcote 1995, 1997) and considerable movements of grayling 

during spawning season (Shepard and Olswald 1989; Northcote 1995). 

Headwater lake population structure is further supported by the HW 

disequilibrium detected in lake-source rather than river-source fish (Kalinowski 

2006). However, disequilibrium may also reflect genotyping error undetected 

during double-scoring (Kalinowski 2006). Although some lacustrine grayling 

exhibit low intrapopulation genetic diversity, considerable structure (Koskinen et 

al. 2001) and local adaptation (Haugen & Vøllestad 2000) can exist over small 

geographic scales. Lake structure may have developed because spawning is 

restricted to tributaries and outlets, implying assortative mating among grayling 

exhibiting fidelity to natal waters (Northcote 1995, 1997).  

 Corroborating genetic analyses, the overall similarity in lengths-at-age 

between Arctic grayling caught in the Gibbon River and those from headwater 

lakes imply a common origin for all Gibbon fish. However, the significantly 

different lengths of age-2 fish between source groups may reflect error in age 

determination, a fluvial population in the Gibbon River, or lacustrine emigrants 

detected in the Gibbon River. Although ageing error may have occurred, it 

unlikely manifested only in age-2 Gibbon River fish. The significantly lower 

lengths at age-2 fish more likely reflects differences in productivity between 

headwater lakes and the Gibbon River because lacustrine fish have 

demonstrated significantly higher lengths-at-age than their fluvial counterparts in 
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multiple systems (Hutchings 1986; O’Connell and Ash 1993; Halvorsen 1996; 

Dempson et al. 1996; Erkinaro et al. 1998). Less growth was observed between 

age-1 and age-2 grayling from the Big Hole River, Montana (Shepard and 

Oswald 1989) compared to Red Rock Lake, Montana (Nelson 1954) fish, 

potentially reflecting reduced food availability for age-1 fish in the river system. 

This difference may also represent metabolic costs associated with transition to a 

fluvial environment (Jonsson et al. 1997). Further, gape size increases with 

length allowing prey-switching and increased growth (Kahilainen and Lehtonen 

2003). The greater growth observed between age-2 and age-3 grayling in the 

Gibbon River compared to headwater lakes fish may reflect prey-switching to a 

food source more abundant in the river.  

 Although the observed differences in length at age-2 between Gibbon 

River and Grebe and Wolf lakes fish supports the existence of a fluvial population 

of Arctic grayling in the Gibbon River, very similar lengths at age-1, age-3, and 

age-4 fish detected throughout the system suggests fish are emigrants from 

headwater lakes. Grayling from Red Rock Lake were larger than Big Hole River 

grayling after age-1 (Nelson 1954; Shepard and Oswald 1989), though Liknes 

(1981) determined Big Hole fish were larger than Red Rock Lake fish at age-1 

and smaller at subsequent ages. Arctic grayling from numerous systems across 

Norway, Sweden, Slovakia, and Siberia also varied in length at multiple age 

classes (Northcote 1995), likely reflecting differences in system productivity. 

Although adfluvial grayling do not successfully adapt to the fluvial life history 
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(including production of viable offspring) (Kaya 1991; Kaya and Jeanes 1995), 

offspring of Wolf Lake outlet spawners may have survived in the Gibbon River 

until detection.  

 
Spawning Success of Arctic Grayling in the Gibbon River, YNP 

 
 
 The failure to detect Arctic grayling fry in the Gibbon River below Little 

Gibbon Falls in both of 2005 and 2006 indicates that successful river spawning 

did not likely occur during those years. Although stationary trap nets sampled a 

relatively small portion of the river, nets captured non-grayling fry during both 

years (Table 11; Figure 9). Though grayling in Montana are very small at 

emergence (7-11 mm) (Watling and Brown 1955), adfluvial grayling fry were 

caught near headwater lakes in 2005 (Table 13). Further, grayling fecundity is 

high in comparison to other salmonids (Northcote 1995), increasing the likelihood 

of detection.  

Conclusion 
 

 
 The preponderance of evidence indicates that a viable population of fluvial 

Arctic grayling does not exist in the Gibbon River, YNP. Variability in low 

estimated abundances is an artifact of the few grayling caught, illustrating the 

species’ scarcity in the river despite intensive sampling employing multiple 

techniques. Anglers targeting grayling habitat caught relatively few fish and 

grayling likely enter the river annually from headwater lakes. River and 

headwater lakes grayling were genetically similar relative to differences within 
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other grayling populations (Koskinen et al. 2001; Melgaard et al. 2003). Lengths 

at most ages were similar among all Gibbon system fish and successful river 

spawning was not documented. Though many have assumed that fluvial grayling 

were extirpated from the Gibbon River by the mid-1930s (Vincent 1962; Kaya 

2000), this study constitutes the first substantial evidence that a fluvial population 

does not currently exist. This information will help direct fisheries management 

within YNP, providing the opportunity to re-establish fluvial grayling without 

genetically adulterating a native population. These data also support the 

continued conservation and restoration of the last remaining population of fluvial 

grayling in the lower 48 United States, residing in the Big Hole River, Montana. 

Although fluvial grayling were recently removed from federal protection under the 

ESA (USFWS 2007), opinions on appropriate conservation measures will likely 

remain controversial for years to come (D. Peterson, USFWS, personal 

communication). Nevertheless, the scarcity of fluvial grayling within its local 

native range supports careful and objective consideration of its future. 
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