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Abstract:
Arctic grayling have undergone a recent decline in abundance at Red Rock Lakes National Wildlife
Refuge. Predation by other fish species is a potential factor influencing this decline. I quantified
predation on early life stages of Arctic grayling in Red Rock Creek and Upper Red Rock Lake in 1995
and 1996. No Arctic grayling eggs were found in the stomach contents of mottled sculpin, white
suckers, and juvenile Yellowstone cutthroat trout x rainbow trout hybrids captured in 1995 and 1996.
The diet of brook trout and adult cutthroat hybrids was 0.1% and 0.2% by weight Arctic grayling eggs,
respectively, which was an estimated 2.0% and 34.2% of the Arctic grayling eggs available in 1995.
The diet of brook trout was 2.3% by weight Arctic grayling eggs in 1996 or 14.1% of those available.
No age-0 Arctic grayling were found in the stomach contents of brook trout or juvenile Yellowstone
cutthroat trout x rainbow trout hybrids captured in 1995 and 1996. The diet of mottled sculpin was
0.2% by weight age-0 Arctic grayling in 1996 or 5.9% of those available. No juvenile Arctic grayling
were found in the stomach contents of burbot, brook trout, and Yellowstone cutthroat trout x rainbow
trout hybrids captured in Upper Red Rock Lake. In addition, the potential predators did not aggregate
at the mouth of Red Rock Creek during the age-0 grayling outmigration.

Burbot are one of the potential predators of Arctic grayling in Upper Red Rock Lake and investigations
into the age structure and growth rates of burbot have been limited in Montana. Age and growth data is
necessary to determine the effects of predation by a population. Thus, I collected this information on
Red Rocks burbot. The oldest burbot captured was 10 years old, the longest 906 mm, and the heaviest
5.5 kg.

The proportional stock density was 66 indicating a balanced population. Burbot grew more rapidly in
summer than winter. Burbot otoliths formed opaque zones during fall and winter, opposite most
temperate latitude fish species which form opaque zones in spring and summer. The opaque zone has
often been associated with the period of fast growth, but the translucent zone was laid down during the
period of fast growth for burbot at Red Rocks. Burbot captured were generally in good condition with
mean relative weights ranging from 88 to 126 over all length classes and seasons in 1996. 
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ABSTRACT

Arctic grayling have undergone a recent decline in abundance at Red Rock Lakes 
National Wildlife Refuge. Predation by other fish species is a potential factor influencing 
this decline. I quantified predation on early life stages of Arctic grayling in Red Rock 
Creek and Upper Red Rock Lake in 1995 and 1996. No Arctic grayling eggs were found 
in the stomach contents of mottled sculpin, white suckers, and juvenile Yellowstone 
cutthroat trout x rainbow trout hybrids captured in 1995 and 1996. The diet of brook 
trout and adult cutthroat hybrids was 0.1% and 0.2% by weight Arctic grayling eggs, 
respectively, which was an estimated 2.0% and 34.2% of the Arctic grayling eggs 
available in 1995. The diet of brook trout was 2.3% by weight Arctic grayling eggs in 
1996 or 14.1% of those available. No age-0 Arctic grayling were found in the stomach 
contents of brook trout or juvenile Yellowstone cutthroat trout x rainbow trout hybrids 
captured in 1995 and 1996. The diet of mottled scUlpin was 0.2% by weight age-0 Arctic 
grayling in 1996 or 5.9% of those available. No juvenile Arctic grayling were found in 
the stomach Contents of burbot, brook trout, and Yellowstone cutthroat trout x rainbow 
trout hybrids captured in Upper Red Rock Lake. In addition, the potential predators did 
not aggregate at the mouth of Red Rock Creek during the age-0 grayling outmigration.

Burbot are one of the potential predators of Arctic grayling in Upper Red Rock 
Lake and investigations into the age structure and growth rates of burbot have been 
limited in Montana. Age and growth data is necessary to determine the effects of 
predation by a population. Thus, I collected this information on Red Rocks burbot. The 
oldest burbot captured was 10 years old, the longest 906 mm, and the heaviest 5.5 kg.
The proportional stock density was 66 indicating a balanced population. Burbot grew 
more rapidly in summer than winter. Burbot otoliths formed opaque zones during fall 
and winter, opposite most temperate latitude fish species which form opaque zones in 
spring and summer. The opaque zone has often been associated with the period of fast 
growth, but the translucent zone was laid down during the period of fast growth for 
burbot at Red Rocks. Burbot captured were generally in good condition with mean 
relative weights ranging from 88 to 126 over all length classes and seasons in 1996.
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GENERAL INTRODUCTION

Two geographically isolated and genetically divergent populations of Arctic 

grayling Thymallus arcticus historically occurred south of Canada and Alaska in 

Michigan and Montana (Kaya 1992). The Michigan population was extirpated in about 

1936 (McAllister and Harrington 1969). In Montana, only three indigenous stocks 

remain (Kaya 1992). One is fluvial, consisting of less than 2000 individuals (Kaya 1992) 

in the Big Hole River. The Big Hole River population was recently petitioned for listing 

as endangered. Another population, in the Madison River in the vicinity of Ennis 

Reservoir is adfluvial, but occupies a manmade reservoir. The only known indigenous 

lacustrine population of Arctic grayling in the contiguous United States inhabits the 

Upper and Lower Red Rock Lakes of Red Rock Lakes National Wildlife Refuge. This 

genetically unique population of Arctic grayling has undergone a recent decline in 

abundance. Historically, thousands of Arctic grayling spawned in 12 streams of the 

upper Centennial Valley (Nelson 195.4; U. S. Fish and Wildlife Service 1978; Unthank 

1989), but by 1976 spawning appeared to be limited to Odell and Red Rock creeks 

(Unthank 1989). In 1994, only 10 spawners were trapped in Odell Creek (Mogen 1996a), 

and only 241, 85, and 140 spawners were trapped in Red Rock Creek in 1994,1995, and 

1996, respectively (Mogen 1996b).

Postglacial salmonid communities are typically fragile and highly susceptible to 

disruption or destruction by habitat changes and introductions (Behnke 1972). Habitat

CHAPTER I
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degradation, water diversions, and introduced species have likely contributed to the 

decline of Arctic grayling at Red Rocks (Nelson 1954; Unthank 1989). Overgrazing of 

riparian vegetation resulted in bank erosion, which increased sedimentation and adversely 

affected spawning habitat and egg survival. Water diversions dewatered streams and 

resulted in the loss of large numbers of grayling when they became stranded in diversion 

ditches (U. S. Fish and Wildlife Service 1978). All streams in Montana from which 

Arctic grayling have disappeared contain one or more introduced salmonids including 

rainbow trout Oncorhynchus mykiss, brook trout Salvelinus fontinalis, and brown trout 

Salmo trutta, and repeated attempts to reintroduce grayling where these species are 

abundant have failed (Kaya 1990). The Arctic grayling population declined at Red Rock 

Lakes National Wildlife Refuge subsequent to the introduction of rainbow trout in 1899 

and brook trout in 1915 (Nelson 1954).

A combination of habitat changes and introduced species may have enhanced 

sizes and abundances of predatory fish. Predation could thereby be contributing to the 

decline and may be precluding the recovery of Arctic grayling at Red Rock Lakes 

National Wildlife Refuge. Potential introduced predators of Arctic grayling include 

Yellowstone cutthroat trout Oncorhynchus clarki bouvieri x rainbow trout 0. mykiss 

hybrids and brook trout. Native potential predators include burbot Lota lota, mottled 

sculpin Cottus bairdi, white suckers Catostomus commersoni, and longnose suckers 

Catostomus catostomus. Yellowstone cutthroat trout x rainbow trout hybrids are large at 

Red Rocks; all adult cutthroat hybrids trapped in Red Rock Creek during the spawning 

runs of 1994, 1995, and 1996 exceeded 300 mm in total length (TL) (Mogen 1996b).



3

Cutthroat hybrids have attained lengths up to 795 mm TL and weights up to 6.1 kg at Red 

Rocks (Mogen 1996b). Cutthroat hybrids have increased in abundance since the 1960s; 

only 34 cutthroat hybrids were caught at a weir operated in 1963 (U. S. Fish and Wildlife 

Service 1978), but by 1996,438 were caught at a weir (Mogen 1996b). Large brook trout 

up to 483 mm TL and 1.7 kg in weight inhabit Upper Red Rock Lake (this study) and 

brook trout outnumbered Arctic grayling caught by anglers in the 1930s and 1940s (U. S. 

Fish and Wildlife Service 1978). Burbot are abundant in Upper Red Rock Lake and 

attain lengths up to 906 mm and weights up to 5.5 kg.

I examined the potential role of predation in the decline of Red Rocks Arctic 

grayling. Most of the Arctic grayling remaining at Red Rock Lakes National Wildlife 

Refuge spawn in Red Rock Creek. Therefore, I examined predation on Arctic grayling 

eggs and age-0 Arctic grayling in Red Rock Creek (Chapter 2). I also investigated 

predation on juvenile Arctic grayling in Upper Red Rock Lake (Chapter 3).

An important native piscivore in Upper Red Rock Lake is the burbot. Although 

burbot have palatable and nutritious flesh, they have generally been regarded by sport 

fishermen as “rough” fish (Scott and Crossman 1973; Becker 1983; Nelson and Paetz 

1992). Because of this lack of interest by fishermen, fishing regulations for burbot have 

generally been liberal until recently and little has been learned about burbot. Bag limits 

on burbot were set for the first time in the central and eastern fishing districts of Montana 

in 1994 (Montana Department of Fish, Wildlife, and Parks 1994) and little has been 

learned about burbot in Montana. Biological information on burbot is necessary to 

determine the effects of their predation on Arctic grayling. Many recent studies have
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used bioenergetics to quantify predation (Ruggerone and Rogers 1992; Beauchamp 1995; 

Beauchamp et al. 1995; Rudstam et al. 1995). The model requires growth data to 

generate consumption estimates and information on age structure is necessary to apply 

the consumption estimates to a population. Because burbot are a potential predator of 

Arctic grayling and little data on burbot exists in Montana, I collected biological 

information such as the age structure and growth rates of burbot in Upper Red Rock Lake 

(Chapter 4).

Goals of my study were to (I) quantify the mortality of Arctic grayling eggs and 

age-0 Arctic grayling in Red Rock Creek caused by predation, (2) quantify the mortality 

of juvenile Arctic grayling in Upper Red Rock Lake caused by predation, and (3) 

determine the age structure and growth rates of burbot in Upper Red Rock Lake.
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CHAPTER 2

EFFECTS OF PREDATION ON ARCTIC GRAYLING EGGS AND 
AGE-O ARCTIC GRAYLING IN RED ROCK CREEK

Introduction

Arctic grayling Thymallus arcticus have undergone a recent decline in abundance 

at Red Rock Lakes National Wildlife Refuge. Predation by other fish species is a 

potential factor influencing this decline (Chapter I). The high fecundity of fishes implies 

a high rate of mortality during the egg or larvae stage of life (Braum 1978). Streambed 

conditions (e.g., sedimentation) can decrease salmonid egg survival (Beschta and Platts 

1986; Everest et al. 1987) and stochastic events such as high discharge can reduce 

survival of eggs and early larval stages (Strange et al. 1992). Starvation caused by the 

inability of larvae to procure food when they shift from yolk to exogenous food causes 

additional mortality (Braum 1978). Recently, increasing importance has been placed on 

predation as the primary cause of mortality of fish eggs and larvae (Rothschild 1986; 

Bailey and Houde 1989).

Five potential piscivorous fishes either reside in Red Rock Creek or migrate to 

Red Rock Creek from Upper Red Rock Lake to spawn during the period of Arctic 

grayling spawning and emergence. Some introduced juvenile Yellowstone cutthroat trout 

Oncorhynchus clarki bouvieri x rainbow trout 0. mykiss hybrids rear in Red Rock Creek, 

but most adult cutthroat hybrids reside in Upper Red Rock Lake and only enter Red Rock 

Creek during their spawning run. Other potential predators in Red Rock Creek are non
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native brook trout Salvelinus fontinalis and native mottled sculpin Coitus bairdi.

Potential migratory predators are adult Yellowstone cutthroat trout x rainbow trout 

hybrids and native white suckers Catostojnus commersoni.

Rainbow trout, brook trout, suckers, and sculpin are common fish egg predators 

(Ellis and Roe 1917; White 1930; Dineen 1951; Becker 1983; Dion and Whoriskey 1993; 

Biga 1996). Brook trout have been documented to consume Arctic grayling eggs in Red 

Rock Creek (Nelson 1954).

Predation can be an important source of mortality for juvenile fish (Ruggerone 

and Rogers 1992; Beauchamp et al. 1995; Gibson and Robb 1996). Rainbow trout, 

cutthroat trout, and sculpin prey upon juvenile sahnonids (Ricker 1941; Hunter 1959; 

McCart 1967; Foerster 1968; Tabor and Chan 1996). Brook trout have been reported to 

eat age-0 Arctic grayling at Red Rocks (Nelson 1954) and in the Big Hole River drainage 

(Streu 1990). Predatory fish consume large numbers of migratory age-0 fish as they 

move to nursery lakes (Foerster 1968; Beauchamp 1995). Two- to three-week-old Arctic 

grayling migrate from Red Rock Creek to Upper Red Rock Lake and may be especially 

vulnerable to predation during this time.

I quantified predation on early life stages of Arctic grayling in Red Rock Creek. 

Specific objectives of the study were to (I) determine the temporal availability of Arctic 

grayling eggs and age-0 Arctic grayling to predators in Red Rock Creek, (2) identify 

predators of Arctic grayling eggs and age-0 Arctic grayling in Red Rock Creek, (3) 

quantify consumption of Arctic grayling eggs and age-0 Arctic grayling by predators in 

Red Rock Creek, and (4) estimate the mortality of Arctic grayling eggs and age-0 Arctic 

grayling caused by predation in Red Rock Creek.
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Study Site

Red Rock Creek is a third-order headwater of the Missouri River located in the 

Centennial Valley of southwestern Montana. The creek flows out of the Centennial 

Mountains, which rise over 3,000 m, forming the Continental Divide, the southern border 

of the Centennial Valley, and the Montana-Idaho boundary. Red Rock Creek flows into 

Upper Red Rock Lake, which lies at an elevation of 2,015 m. After leaving Upper Red 

Rock Lake, the creek flows to Lower Red Rock Lake, downstream of which it is called 

the Red Rock River.

Throughout most of its length, Red Rock Creek meanders over a gentle gradient. 

In my study area, from the mouth of Red Rock Creek in Upper Red Rock Lake to the 

confluence of Corral Creek, Red Rock Creek has a sinuosity of 2.0, a gradient of 0.1%, 

and an average width of 7 m.

Red Rock Creek flows through various land ownership and riparian vegetation 

before entering Upper Red Rock Lake. Red Rock Creek originates in timbered National 

Forest, flows through state land, and then through heavily grazed private property where 

riparian vegetation is primarily sage Artemisia spp. Next the creek flows through more 

state land, which is also grazed, but where willow Salix spp. dominates the riparian 

vegetation. Finally, Red Rock Creek enters Red Rock Lakes National Wildlife Refuge 

where both wetlands and Salix spp. make up the riparian zone. Most of my study area 

lies inside Refuge boundaries. Red Rock Lakes National Wildlife Refuge was 

established in 1935 for the protection and maintenance of trumpeter swans Cygnus 

buccinator and other waterfowl.
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Native fish species other than those mentioned previously and that occur in low 

numbers in Red Rock Creek include longnose suckers Catostomus catostomus, burbot 

Lota lota, mountain whitefish Prosqpium williamsoni, and long-nosed dace Rhinichthys 

cataractae.

Methods

Temporal Availability of Arctic Grayling Eggs and Age-O Arctic Grayling 
to Predation in Red Rock Creek

Arctic grayling eggs were vulnerable to predation horn the onset of spawning 

until the eggs hatched. The timing of spawning was determined by monitoring the 

spawning migration, temperature, and flow.

The spawning migration was monitored daily by censusing the numbers of Arctic 

grayling that moved through a weir locatedjust upstream of the Elk Lake Road bridge 

(Mogen 1996a, 1996b) (Figure 2.1). Spawning occurred between the peak of upstream 

and downstream movements in 1994 (Mogen 1996a) and I assumed similar spawning 

-timing related to peak upstream movements through the weir in 1995 and 1996.

Temperature and flow data were examined to help determine when Arctic 

grayling spawned because no clearly defined peak in their downstream movement 

through the weir was evident in 1995 and their downstream movement was not monitored 

in 1996. Spawning of lacustrine populations of Arctic grayling in Montana usually 

occurs during high flows at stream temperatures between 4.4°C and 10.0°C (Kaya 1990). 

The peak spawning of Arctic grayling in Red Rock Creek in 1994 occurred during peak
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runoff at mean daily temperatures ranging from 5.0 to 11.0°C (Mpgen 1996a). Mean 

daily water temperatures were measured with an electronic temperature logger near the 

known spawning area in Red Rock Creek [between the confluences of Antelope (13.4 km 

from the mouth of Red Rock Creek) and Corral creeks (14.6 km from the mouth of Red 

Rock Creek) (Mogen 1996a) (Figure 2.1)]. Flow information was obtained from Mogen 

(1996a,1996b).

Degree-days were calculated with temperature logger data to estimate when 

Arctic grayling eggs initiated hatching. The shortest time reported in the literature 

required for hatching is 133 degree-days (Nelson 1954) and for emergence is 3 days 

(Kaya 1990). Therefore, I estimated that emergence began when 133 degree-days plus 3 

days elapsed after the estimated initiation of spawning.

I attempted to confirm the timing of the emergence of Arctic grayling and of their 

migration from the creek to the lake by drift netting, dip netting, and seining. This helped 

me determine when age-0 Arctic grayling were available to predation in the creek.

Each 1-m long drift net used to sample larval Arctic grayling was constructed of 

0.5-mm nylon mesh with a 30 x 60 cm opening that tapered down to a I-mm mesh 

collection box with baffles. Drift nets were placed below the known Arctic grayling 

spawning area, below the Elk Lake Road bridge, and at the mouth of Red Rock Creek in 

1995. In these areas, nets were placed in backwater pools, inside margins of glides, and 

in glides at all times of the day from early morning until 2 h after dark. The drift nets 

were fished for durations varying from 15 minutes to 2 days on 11 occasions from late 

June until early July 1995.
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Drift netting was attempted again in 1996. One drift net was placed just below 

the known Arctic grayling spawning area and another just upstream of the Elk Lake Road 

bridge. The drift nets were placed in the thalweg of riffles (Mogen 1996a) and checked 

daily during the week of estimated emergence in late June and every 3 days during the 

following week in early July 1996.

Seining was conducted in 1995 in an 8-km reach of Red Rock Creek that contains 

gravel substrates of sizes preferred by Arctic grayling for spawning (Nelson 1954)

(Figure 2.1). The seine was 1.2 m in height and 4.4 m in length with 1.6-mm mesh. The 

8-km reach extended from 1.5 km below the Elk Lake Road bridge upstream to the 

confluence of Corral Creek. The reach was divided into three 2.7-km units. Sampling 

took place in one or two randomly-selected locations (located with a global positioning 

system instrument) within each of the 2.7-km units. Two seine hauls were conducted at 

the first four areas with backwater or slow-water downstream of each randomly selected 

location. Seining was conducted weekly from late June (when eggs were estimated to 

have begun hatching) until age-0 Arctic grayling began migrating to the lake in late July 

1995.

In addition, sampling with the 4.4-m seine occurred in both the known spawning 

area and near the weir just upstream of the Elk Lake Road bridge. Sampling was 

conducted in four areas with backwater or slow-water in each location weekly from late 

June until late July 1995.

Red Rock Creek was floated once from the Elk Lake Road bridge to its mouth 

after detection of age-0 Arctic grayling in the margins of the mouth of Red Rock Creek in 

late July 1995. Backwater or slow-water habitat was sampled with a dip net (I-mm
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mesh) and the 4.4-m seine at 10-minute intervals of floating time. The margins of the 

mouth of Red Rock Creek were also dip netted and seined twice weekly for 2 weeks upon 

detection of age-0 Arctic grayling there.

Red Rock Creek was floated and sampled with the dip net and seine weekly 

during the estimated creek residency of age-0 Arctic grayling in July 1996. Four dip net 

hauls and two seine hauls were conducted at 10-minute intervals of floating time in 

backwater or slow-water habitat, in oxbows, at the creek mouth, and in the lake margin 

around the mouth of Red Rock Creek during each float. The first float began at the 

known Arctic grayling spawning area and ended at the mouth of Red Rock Creek. 

Successive floats proceeded from the Elk Lake Road bridge to the mouth of Red Rock 

Creek.

A 30-m seine was used at the mouth of Red Rock Creek in Upper Red Rock Lake 

to determine when age-0 Arctic grayling entered the lake. This seine consisted of 6.4- 

mm mesh and was 1.2 m in height. Seining was conducted north of the mouth (within 

200 m of the mouth) in late August, mid-September, and early October 1995. Three 

seine hauls were conducted at 0300, 0900,1500, and 2100 h each month to assess diel

variation in age-0 Arctic grayling abundance.

Seining was conducted at the mouth of Red Rock Creek during the estimated age- 

0 Arctic grayling migration in July 1996 and continued until the grayling dispersed from 

the vicinity of the mouth in late August 1996. Seining also occurred after the migration 

in late September 1996. One seine haul was pulled across the mouth of the creek and two 

others were pulled north of the mouth of the creek (within 200 m of the mouth) just after 

sunset each sampling night. Seining occurred at dusk because grayling migrate
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downstream during darkness (Bardbnnet et al. 1993) and all age-0 Arctic grayling 

captured by seining in 1995 were taken during darkness.

The duration of the stream residency of age-0 grayling captured at the mouth of 

Red Rock Creek in 1996 was estimated to determine their temporal availability to 

predation in Red Rock Creek. A regression of the total lengths of age-0 Arctic grayling 

captured in Red Rock Creek and at its mouth in July and August on time in days was 

used to determine the mean weekly growth rate of the grayling. The total length of age-0 

Arctic grayling at emergence (10 mm; Kaya 1990) was subtracted from their mean total 

lengths at the beginning and end of their migration. The resulting lengths were divided 

by the mean weekly growth rate to estimate the duration of their stream residency.

Collection of Predators

Potential predators of Arctic grayling eggs and age-0 Arctic grayling were 

collected using a Smith-Root Model 15-C backpack electrofisher with pulsed direct ' 

current. A frequency of 30 to 50 pulses per second and a pulse width of 500 

microseconds were used to minimize fish injuries and maximize electrofishing efficiency 

(W. Fredenberg, Creston Fish and Wildlife Center, personal communication). Voltages 

ranged from 700 to 900 volts. Electrofishing took place from the bank during high water 

conditions in Red Rock Creek. Swift turbid water made detecting stunned fish difficult 

and the greatest success was achieved by positioning the dip net downstream from the 

anode on the creek bottom against the bank. When flows decreased, electrofishing was 

conducted by both wading and from the bank. Electrofishing was conducted for 700 

seconds at each location each sampling day.
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Predation would likely occur in the known Arctic grayling spawning area where 

eggs and emerging grayling are concentrated; however, because electrofishing over 

recently deposited trout eggs can increase egg mortality (Dwyer et al. 1993), and not all 

grayling emerge simultaneously, I sampled just below and above the known Arctic 

grayling spawning area. Sampling was conducted once or twice weekly during the Arctic 

grayling spawning season, beginning in early June and continued until age-0 Arctic 

grayling were migrating to the lake in late July 1995.

Electrofishing also took place immediately below and above the known Arctic 

grayling spawning area in 1996. Electrofishing took place four times during the 

estimated peak of the Arctic grayling spawning season in early June and four times 

during the estimated stream residency of age-0 Arctic grayling in early July 1996. I 

electrofished in late afternoon and. evening when spawning was expected to occur 

(Northcote 1995) to obtain egg predators in 1996.

Additional electrofishing was conducted in 1995 in randomly-selected locations 

in the 8-km reach of Red Rock Creek that contains gravel substrates of sizes preferred by 

Arctic grayling for spawning (Nelson 1954). Although the 8-km reach included the 

known Arctic grayling spawning area, locations randomly selected for electrofishing 

were away from its vicinity. Electrofishing took place weekly at one or two randomly 

selected locations within each of the 2.7-km units making up the 8-km reach during the 

Arctic grayling spawning season beginning in early June and continued until age-0 Arctic 

grayling were migrating to the lake in late July 1995.

The weir locatedjust upstream of the Elk Lake Road bridge was used in 1995 to 

obtain stomach contents of migratory fish (Yellowstone cutthroat trout x rainbow trout
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hybrids and white suckers) that were potential predators of eggs in Red Rock Creek. 

Stomachs from potential predators trapped by the weir were sampled 3 to 5 days per 

week beginning when Arctic grayling started spawning in late May and continued until 

most Arctic grayling eggs were estimated to have hatched in late June.

All fish captured weighing less than 2,000 g were weighed to the nearest 0.1 g on 

an Ohaus LS 2000 portable electronic balance or to the nearest gram with I kg x 10 g,

500 g x 5 g, and 100 gx  I g Pesolaprecision spring scales. The spring scales were used 

when weather conditions did not permit the use of the electronic balance. Fish weighing 

greater than 2,000 g were weighed to the nearest 28.3 g on a HOMS 9.1 kg x 28.3 g top

loading spring scale. The total lengths of all fish captured were measured in millimeters.

Collection and Analysis of Stomach Contents

v
Stomach contents were pumped using a modified 4-liter chemical sprayer (Light 

et al. 1983). The esophagus of each adult Yellowstone cutthroat x rainbow trout hybrid 

and brook trout was distended with PVC tubing of varying diameters before pumping to 

increase the efficiency of evacuating its stomach (Van Den Avyle and Roussel 1980). A 

subsample offish (mottled sculpin, brook trout and Yellowstone cutthroat trout x 

rainbow trout hybrids) was sacrificed to test the efficiency of the stomach pump. Fish 

can be a major component of the diet of brook trout and Yellowstone cutthroat trout x 

rainbow trout hybrids greater than 250 mm in total length (TL) (East and Magnan 1991) 

and the pump may be less efficient at extracting fish than invertebrates from stomachs. 

Therefore, the efficiency of the stomach pump was calculated for trout both less than and 

greater than 250 mm TL.
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Stomach contents were fixed in 10% formalin buffered with sodium bicarbonate 

(McMahon and Tash 1979) and stored in Whirl-Pak bags. They were sieved with 400- 

)j,m Nitex screen (Tabor et al. 1993), identified, and counted. Invertebrate prey were 

identified to taxonomic class or order (Thorp and Covich 1991; Merritt and Cummins 

1996). Only heads or invertebrates with heads were counted in a sample with both body 

pieces and heads.

Fish prey were identified to genus or species (Hansel et al. 1988; Bamdt 1996; 

Frost et al. 1996). A digestive enzyme technique was used to prepare a diagnostic bone 

collection to aid in the identification of fish prey in stomachs (Tabor et al. 1993). The 

enzyme solution consisted of 97% (by weight) lukewarm tap water, 2% (by weight) 

pancreatin, and 1% (by weight) sodium sulfide. Fish were immersed in the enzyme 

solution in individual containers and placed in a 40°C water bath under a chemical fume 

hood until the flesh had digested off the bones (up to 36 hours depending on fish size). 

After the flesh had digested, the contents were poured through a 400-pm sieve and rinsed 

with tap water. Diagnostic bones included cleithra, dentaries, opercles, pharyngeal teeth, 

otoliths, and vertebrae. Burbot and sculpin possessed the only distinctive vertebrae of the 

fish species found at Red Rocks. Scales were also used to identify fish prey in stomachs. 

Bones in stomach contents that were not diagnostic and fleshy tissue that was not 

attached to diagnostic bones were classified unidentifiable fish. Eggs were identified by 

measuring their diameters with a micrometer mounted in a dissecting microscope. 

Yellowstone cutthroat trout x rainbow trout hybrids, suckers, and mottled sculpin all 

overlap with Arctic grayling in spawning times and egg sizes. However, to estimate the
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maximum possible consumption of Arctic grayling eggs, all pale eggs 2.7 mm to 4.3 mm 

in diameter were considered Arctic grayling eggs (Scott and Crossman 1973). Orange 

eggs 3 mm to 5 mm, or any eggs greater than 4.3 mm in diameter were considered 

Yellowstone cutthroat trout x rainbow trout hybrid eggs. Demersal eggs less than 2.7 

mm in diameter were classified as sucker eggs and those less than 2.7 mm in diameter 

occurring in an adhesive mass as mottled sculpin eggs (Scott and Crossman 1973).

Plants that made up more than 10% of the stomach contents were considered a separate 

category. Other plant matter and unidentifiable invertebrate parts were classified 

unidentifiable.

Identifiable prey were blotted with paper towels and their total wet weight was 

obtained on an Ohaus E400D balance to the nearest 0.001 g. Unidentifiable parts were 

poured through a piece of Nitex screen, which was folded with the contents in its center, 

blotted with paper towels, and weighed. Stomach contents were quantified using percent 

frequency of occurrence, percent composition by number, and percent composition by 

weight (Hyslop 1980).

Cnnsnmption of Arctic Grayling Eggs and Age-O Arctic Grayling

A bioenergetics model (Hanson et al. 1997) incorporating percent composition by 

weight was used to calculate consumption of Arctic grayling eggs. The model 

incorporates data on fish physiology, diet composition, energy density, and water 

temperature to generate consumption estimates based on a balanced energy equation: 

Consumption = Metabolic Loss + Waste Loss + Growth
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All computations were based on specific rates (grams of prey per gram of 

predator per day) and converted to rates per fish and per population (Hewett and Johnson 

1992). The input needed for the model includes growth and diet composition of predator 

cohorts along with energy densities of diet components, species-specific physiological 

parameters, and water temperatures over the time period modeled. A cohort is defined as 

a group of similar sized fish of the same species experiencing identical environmental 

conditions (i.e., temperature, diet, and growth) (Hanson et al. 1997). Whereas there is 

individual variability in diet and growth, and thus, consumption within each cohort, the 

model represents the average individual in each cohort.

Parameter Estimation for Bionenergetics Modeling of 
Predation on Arctic Grayling Eggs and Age-O Arctic Grayling

Predator Cohorts

Predator cohorts used for modeling predation on Arctic grayling eggs and age-0 

Arctic grayling were based on lengths at age obtained from the literature (Bailey 1952; 

Irving 1954; Domrose 1960). Mean lengths of cohorts of Yellowstone cutthroat trout x 

rainbow trout hybrids at annulus formation were obtained from Yellowstone cutthroat 

trout x rainbow trout hybrids captured in Henry’s Lake, Idaho (Irving 1954) (Appendix 

A, Table AT). Henry’s Lake is similar in proximity (20 km east of Upper Red Rock 

Lake) and elevation (1,973 m) to Upper Red Rock Lake. Henry’s Lake is also shallow 

and productive like Upper Red Rock Lake.

Mean lengths of cohorts of brook trout were obtained by calculating the mean 

length at annuli of brook trout captured in Trail Creek and the Big Hole River, Montana
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(Domrose 1960) (Appendix A, Table A.2). Trail Creek is similar in size, proximity, and 

elevation to Red Rock Creek. It is a third-order tributary to the Big Hole River in the 

Jefferson River drainage that lies at about 1,950 m elevation. The section of the Big Hole 

River where brook trout were obtained by Domrose (1960) (about 4.8 km south of 

Jackson) is similar in proximity and elevation to Red Rock Creek. The Big Hole River is 

in the Jefferson River drainage and this section lies at an elevation of about 1,950 m.

Mean lengths at age of cohorts of mottled sculpin were obtained from mottled 

sculpin collected near Shed’s Bridge in the West Gallatin River, Montana (Bailey 1952). 

The West Gallatin River is also within the upper Missouri River drainage in southwest 

Montana, at a somewhat lower elevation (1,465 m vs. 2,015 m). The mean lengths at age 

of mottled sculpin captured by Bailey (1952) in February and March were weighted by 

sample size to calculate the mean lengths at age prior to the growing season (Appendix 

A, Table A.3). Mean lengths prior to the growing season were used because they . 

approximate mean lengths at annuli.

Predator cohort length groups were defined using ranges of lengths at age if given 

(Bailey 1952) (Appendix A, Table A.3). If ranges of lengths at age were not given, 

cohort length groups were estimated using mean lengths prior to the growing season 

(Irving 1954; Domrose 1960), annual growth, and the proportion of annual growth that 

occurred during the time period modeled. Differences in lengths at annulus formation 

between each cohort and its successor were calculated to obtain the annual growth of 

each cohort. The values midway between the length at annulus formation for each cohort 

and its successor were then calculated to estimate the upper and lower bounds of each 

cohort length group. Degree-days were used to determine the proportion of growth that



occurred during the time period modeled. Growth for brook trout begins at about 4°C 

(Haskell et al. 1956; Dwyer et al. 1983). I assumed growth of other predators in Red 

Rock Creek also began at about 4°C. The number of degree-days the predators grew 

each year at Red Rocks was determined by calculating the sum of all degree-days over 

4°C in Red Rock Creek each year (for every degree above 4°C, a degree-day was 

accrued). Degree-days over 4°C that occurred before and during the time period modeled 

were determined, as were the corresponding increments of annual growth in length for 

each predator cohort. Increments of annual growth in length that occurred before and 

during the time period modeled were added to the values midway between lengths at 

annulus formation for each cohort. These were the upper bounds of each cohort length 

group. The lower bounds were the values subsequent to the upper bound of each 

preceding cohort length group (Appendix A, Tables A.I, A.2).

Growth of Predator Cohorts

Starting and ending weights for each predator cohort were estimated from a 

combination of the literature (Bailey 1952; Irving 1954; Domrose 1960), temperature 

data from Red Rock Creek, and weight-length relationships of the predators from Red 

Rock Creek. Annual growth in length that occurred prior to the time period modeled was 

added to mean lengths of cohorts prior to the growing season to arrive at the lengths at 

the start of the time period modeled. Weight-length relationships were calculated for 

each predator species from Red Rock Creek as described by Anderson and Neumann 

(1996). The mean lengths at the start of the time period modeled were converted to 

weights with the weight-length relationships. These were beginning weights of cohorts

21
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used for modeling. Annual growth in length that occurred during the time period 

modeled was added to mean lengths of cohorts at the start of the time period modeled.

The resulting lengths of cohorts at the end of the time period modeled were converted to 

weights with the weight-length relationship. These were ending weights of cohorts used 

for modeling (Appendix A, Tables A.4-A.6).

Diet Comnosition of Predator Cohorts

Diet components were compiled by cohort length group into categories for 

modeling based upon their relative importance in the stomach contents and caloric 

densities. Food items making up greater than 3% of the stomach contents by weight were 

modeled as independent diet categories. Trichopteran cases and plants were excluded 

from consideration because the predators at Red Rocks cannot efficiently process these 

items and obtain caloric energy from them. All other diet components of similar caloric 

content were incorporated into the model in an “other invertebrates” category. Items with 

energy values considerably lower or higher than the “other invertebrates” category (i.e., 

oligochaetes, dipterans, fish, and fish eggs) were modeled as independent diet categories.

Energy Densities of Diet Components

Energy densities of predators and prey were obtained from the literature 

(Cummins and Wuycheck 1971; Hanson et al. 1997). A combination of the energy 

densities of Trichoptera and Ephemeroptera (Cummins and Wuycheck 1971) was used 

for the “other invertebrates” category when modeling trout. Because these orders were 

consumed by brook trout in the greatest quantities by weight, invertebrate parts, which 

composed most of the “other invertebrates” category, were most likely from these orders.
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No invertebrate orders dominated the diet of Yellowstone cutthroat trout x rainbow trout 

hybrids; therefore, the energy density of the “other invertebrates” category of another 

sahnonid, brook trout, was used for the cutthroat hybrids “other invertebrates” category. 

Ephemeropterans were consumed by mottled sculpin in the greatest quantity; thus, their 

energy density Was used for the sculpin “other invertebrates” category. Energy densities 

of prey used in modeling are given in Appendix A, Tables A.7-A.9.

Species-Snecific Physiological Parameters

I used the existing steelhead Oncorhynchus mykiss physiological parameters 

(Rand et al. 1993) (Table 2.1) for Yellowstone cutthroat trout x rainbow trout hybrids and 

as surrogates for those of brook trout because brook trout parameters have not been 

estimated. Many physiological parameters are temperature and mass dependent. Brook 

trout and steelhead are both cold water salmonids with similar temperature tolerances; 

both have upper lethal limits of 25°C (Raleigh 1982; Rand et al. 1993). Although adult 

steelhead are larger than adult brook trout, the steelhead parameters were developed for 

both juvenile and adult steelhead (Rand et al. 1993).

Physiological parameters for mottled sculpin are not available so I used the 

existing dace Chrosomus spp. parameters (He 1986) (Table 2.2) as surrogates. Hanson et 

al. (1997) recommends using the dace equations for consumption, respiration, and 

egestion/excretion when developing parameter sets for adults of species whose 

physiological parameters have not yet been derived. Dace are similar to sculpin in size 

and thermal tolerance (Scott and Crossman 1973). The upper lethal temperature for dace 

is 32°C (He 1986) and that of mottled sculpin acclimated to 20°C is 32°C (Walsh et al.
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1997). Furthermore, the energy densities for mottled sculpin (4,962 J/g) [30% of dry .
»

weight (Cummins and Wuycheck 1971) as recommended by Hewett and Johnson (1992)] 

and dace (5,006 J/g) (Hanson et al. 1997) are also similar.

Water Temperature

Mean daily water temperatures were obtained from the electronic temperature 

logger placed near the known Arctic grayling spawning area in Red Rock Creek when 

available. When temperatures in this area were unavailable, temperatures obtained with a 

temperature logger placed in the mouth of Red Rock Creek were used.

Time Period Modeled

Egg predation was modeled for the time period extending from when most Arctic 

grayling began spawning to when most eggs had hatched.

Predation on age-0 Arctic grayling was modeled from the time period extending 

from when age-0 grayling were estimated to initiate emergence until they were no longer 

vulnerable to predation. Gaudin (1985) described the limit of predation by sculpin C. 

gobio on age-0 brown trout Salmo trutta in laboratory conditions by the equation Y = 

0.484X + 5.8 (Y = age-0 trout total length in mm and X = sculpin total length in mm). 

This equation and the weekly growth of age-0 Arctic grayling at Red Rocks were used to 

determine when cohorts of mottled sculpin that ate age-0 Arctic grayling could no longer 

consume them.
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Total Mortality of Arctic Grayling Eggs and Age-O Arctic Grayling
Caused by Predation

Predator Abundances

Three-pass depletion removals were performed with backpack electrofishing gear . 

in late August and early September in 1995 to estimate the abundances of resident fish 

predators in Red Rock Creek. One three-pass depletion removal was conducted within 

each 2.7-km unit of Red Rock Creek. Randomly selected 130- to 160-m sections (25 

times the mean width of the section) were isolated with block nets. A combination of 

electrofishing by wading, diagonally criss-crossing the channel, and electrofishing from 

each bank constituted one pass. Each pass in each removal was electrofished with a 

similar amount of effort (measured in seconds electrofished). Following each pass, fish 

were measured to the nearest millimeter in total length, weighed to the nearest gram, and 

released downstream of the block net. Abundance estimates were calculated using the 

computer program CAPTURE (Rexstad and Bumham 1991). Abundance estimates of 

each predator were applied to the 0.5 km and 7.5 km reaches of Red Rock Creek. 

Abundances of migratory predators were censused at a weir located upstream of the Elk 

Lake Road bridge.

The total number of each predator captured from May through July in 1995 and 

1996 in Red Rock Creek was partitioned into cohort length groups. The number in each 

cohort length group was a proportion of the total number of each predator captured.

These proportions were multiplied by the abundance estimate of each predator to

determine the number in each cohort.
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Arctic Grayling Egg Abundance

The abundance of Arctic grayling eggs spawned each year in Red Rock Creek 

was estimated by multiplying the mean number of eggs per gram of female body weight 

by the total weight of female grayling passing through the weir in Red Rock Creek. A 

mean number of eggs per gram of female body weight was calculated from individual 

grayling fecundity-to-weight relations from the literature (Brown 1938; Ward 1951; 

Bishop 1971; Peterman 1972). This mean number of eggs per gram of female body 

weight (11.9 eggs per gram, SE = 0.5) was then multiplied by the total weight of the 

female Arctic grayling that passed through the weir in Red Rock Creek each year.

Aae-O Arctic Grayling Abundance

The abundance of age-0 Arctic grayling was estimated to quantify the effects of 

predation. When Arctic grayling eggs from Red Rock Creek were raised in a hatchery, 

there was a 15% mortality rate from the time of spawning to emergence (P. Dwyer, 

Bozeman Fish Technology Center, personal conpmmication). I applied the 15% 

spawning-to-emergence mortality rate to the estimated total number of Arctic grayling 

eggs produced in Red Rock Creek in 1996 to calculate the abundance of age-0 Arctic 

grayling in 1996.

Calculation of Mortality of Arctic Grayling Eggs and Age-O Arctic Grayling 
Caused by Predation

I calculated a mean egg weight (0.004 g) from weights of Arctic grayling eggs 

found in stomach contents (n = 16). The estimated weight of grayling eggs consumed by 

an individual in each predator cohort was divided by the mean egg weight. I then
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multiplied the resulting number of eggs consumed by an individual by the estimated 

abundance of its cohort.

The mortality of Arctic grayling eggs caused by brook trout predation in 1995 

was calculated separately for the random areas in the 8-km reach and near the known 

Arctic grayling spawning area. The sum of the mortality caused by all cohorts of brook 

trout and Yellowstone cutthroat trout x rainbow trout hybrids was the total estimated egg 

mortality caused by predators in 1995.

The predation rate of brook trout in the known Arctic grayling spawning area was 

applied to the entire 8-km reach in 1996. The sum of the mortality caused by all cohorts 

of brook trout was the total estimated mortality caused by brook trout, the only predator 

of Arctic grayling eggs detected in 1996.

The mortality of age-0 Arctic grayling caused by predation was calculated 

similarly to that of the eggs. I used the weight of the age-0 Arctic grayling (0.04 g) found 

in the stomachs of the mottled sculpin (n = I), the only predator of age-0 Arctic grayling 

that was detected. The weight of age-0 Arctic grayling consumed by an individual in 

mottled sculpin cohort 3, the only mottled sculpin cohort whose stomach contents 

contained age-0 Arctic grayling, was divided by the weight of the age-0 Arctic grayling. 

The number of age-0 Arctic grayling consumed by an individual in cohort 3 was then 

multipled by the estimated abundance of that cohort. This was the total estimated 

mortality of age-0 Arctic grayling caused by predation.

The upper and lower bounds of consumption were derived by multiplying the 

upper and lower bounds of the abundance estimates of predators by the number of 

grayling eggs or age-0 Arctic grayling that were consumed by an individual in each
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cohort, location, and year.

Sensitivity Analysis of Bioenergetics Model Estimates

I evaluated the sensitivity of the model’s estimates of consumption in response to 

changes of ±10% of the nominal value of individual parameters as done by Kitchell et al. 

(1977) and Beauchamp et al. (1989). The objective was to evaluate to what extent errors 

in estimating the various model parameters might influence estimates of consumption. 

The sensitivity of consumption to perturbations of the parameters was measured by 

adjusting each parameter and running the model with the adjusted p-value to estimate 

consumption.

Results

Temporal Availability of Arctic Grayling Eggs and Age-O Arctic Grayling 
to Predation in Red Rock Creek

Most of the upstream movement of adult Arctic grayling in 1995 occurred after 

May 10, peaked May 20, and ended by May 31 (Mogen 1996a). Downstream movement 

of post-spawn grayling began on May 23, but did not peak. Most downstream movement 

occurred from May 23 to June I, but another pulse of downstream movement occurred 

from June 8 to June 15. Most of spawning was estimated to occur from May 20 to June 

15, 1995. Mean daily water temperatures during this time were suitable for spawning, . 

ranging from 4.3 to 10.0°C. Flows did not peak until mid- to late June; however, the 

creek was out of its banks for almost 40 days, from the end of May through early July.
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Arctic grayling could have begun hatching June 8, 1995, assuming spawning began May 

20, 1995 (the peak of the upstream grayling migration), and assuming the least number of 

degree-days needed until hatching (133; Nelson 1954). Most Arctic grayling eggs 

hatched by the end of June in 1995, assuming most spawning ended in mid-June. 

Therefore, Arctic grayling eggs were probably available to predation from late May to 

late June in 1995.

Upstream movement of adult Arctic grayling through the weir in 1996 began June 

I, peaked June 4, and appeared to end June 14 (Mogen 1996b). Downstream movement 

of post-spawn grayling had not begun when the trap was removed June 14. Most 

spawning was estimated to occur in the two and a half weeks following the peak of the 

upstream migration in June 1996. Water temperatures were suitable for spawning (6.3 to 

8.9°C) and peak flows occurred during this time. Arctic grayling could have begun 

hatching June 21,1996, assuming the majority of spawning began June 4 (the peak of the 

upstream grayling migration), and assuming the least number of degree-days needed until 

hatching (133; Nelson 1954). Most Arctic graying eggs hatched by early July in 1996, 

assuming most spawning ended two and a half weeks following the peak of the upstream 

migration. Thus, Arctic grayling eggs were probably available to predation from early 

June until early July in 1996.

The temporal availability of age-0 Arctic grayling to predators in Red Rock Creek 

in 1995 was uncertain. The extensive high-flow period hindered trapping age-0 Arctic 

grayling to confirm the timing of their emergence and creek residency. Drift nets did not 

catch any Arctic grayling in 1995. No age-0 Arctic grayling were captured with the 4.4-
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m seine in the randomly-selected locations in the 8-km reach of Red Rock Greek, the 

known Arctic grayling spawning area, or near the weir just upstream of the Elk Lake 

Road bridge. Age-O Arctic grayling were first captured at the mouth of Red Rock Creek 

with the 4.4-m seine during the day on July 19, 1995. Age-O Arctic grayling were also 

caught at the mouth of Red Rock Creek during the day with a dip net on July 24 and July 

27 and during darkness with the 30-m seine on August 28 and September 16,1995 (Table 

2.3). Because so few age-0 Arctic grayling were caught in 1995 (n = 11), their temporal 

availability to predation in Red Rock Creek was uncertain. However, age-0 Arctic 

grayling were probably available to predation from late July until late August at a 

minimum in 1995.

Although flows were lower in 1996 than in 1995, the timing of the emergence 

was not confirmed by drift nets which again failed to catch any Arctic grayling.

However, the creek residency of age-0 Arctic grayling was validated in 1996. The first 

two age-0 Arctic grayling (14 and 15 mm TL) were caught July 5, 1996 with a dip net . 

during the first float of Red Rock Creek, upstream of the Elk Lake Road bridge in a 

backwater and oxbow. Age-O Arctic grayling were caught on each successive float . 

between July 7 and July 25,1996 in Red Rock Creek in slow-water or backwater areas 

(Table 2.3).

The timing of the migration of age-0 Arctic grayling was more defined in 1996 

than in 1995. Age-O Arctic grayling (15 and 16 mm TL) were caught at the mouth of 

Red Rock Creek on July 7,1996 with a dip net. Age-O Arctic grayling (30 mm TL) were 

caught with the 30-m seine at the mouth of Red Rock Creek beginning on July 17, 1996. 

Numbers caught with the 30-m seine at the mouth of Red Rock Creek increased until
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August 15 when 178 were captured. By August 28 it appeared that most age-0 grayling 

had dispersed because of the decrease in numbers caught then (n = 9) and September 28 

(n = 3) (Figure 2.2). Thus, age-0 Arctic grayling appeared to migrate out of the creek 

from just after their emergence in early July until late August, and were available to 

predation in Red Rock Creek during this period.

This potential period of stream residence was also indicated by size of migrants. 

Age-O grayling grew an average of 9 mm per week (Y= 1.25X-219.84; R2 = 0.86) and 

the mean total length was 37.4 mm to 64.3 mm during their migration (Table 2.3). The 

estimated stream residency for these fish was between 3 and 6 weeks in 1996.

Efficiency of Stomach Pump

The mean efficiency of the stomach pump among various species and sizes varied 

from 35.5% to 98.9% (Table 2.4). The pump was generally greater than 74% efficient, 

but proved relatively inefficient at pumping stomachs of trout greater than 250 mm TL.

Predation on Arctic Grayling Eggs 

Predation by Migratory Fish

White suckers captured at the weir in 1995 (n = 60) did eat some white sucker 

eggs (1.1% by weight), but no Arctic grayling eggs. Identifiable invertebrates eaten were 

primarily from the orders Diptera and Trichoptera (Table 2.5). The stomach of one white 

sucker captured by electrofishing near the known Arctic grayling spawning area in 1996 

did not contain fish eggs.



Yellowstone cutthroat trout x rainbow trout hybrids (n = 59) that were captured in 

1995 ate some fish eggs (10.2% by weight) including 0.2% grayling eggs by weight (95% 

confidence interval (Cl); <0.1% to 0.4%). Other fish eggs in the stomach contents 

included sucker, sculpin, and cutthroat hybrid eggs. Identifiable invertebrates consumed 

were from the class Oligochaeta and order Diptera (Table 2.6).

Predation by Resident Fish in Random Locations in the 8-km Reach of Red Rock Creek 

Juvenile Yellowstone cutthroat trout x rainbow trout hybrids (n = 29), mottled 

sculpin (n = 30), and brook trout (n = 16) captured in the 8-km reach of Red Rock Creek 

in 1995 ate some fish eggs (0.7%, 2.4%, and 0.8% by weight, respectively). However, 

only brook trout stomachs contained grayling eggs (0.1% by weight) (95% Cl; <0.1% to 

0.25%). Other fish eggs in the stomach contents included sucker, sculpin, and cutthroat 

hybrid eggs. Identifiable invertebrates in the stomach contents included those from the 

class Oligochaeta and orders Diptera, Ephemeroptera, and Trichoptera (Tables 2.1-2.9).

Predation bv Resident Fish Near the Known Arctic Grayling Spawning Area

Stomach contents of juvenile Yellowstone cutthroat trout x rainbow trout hybrids 

(n = 15) and brook trout (n = 34) captured near the known Arctic grayling spawning area 

in 1995 contained few fish eggs (0.2% and 2.2% by weight, respectively) as they did in 

the 8-km reach of Red Rock Creek in 1995 (Figure 2.3). However, mottled sculpin (n = 

24) captured did not eat any fish eggs. Brook trout stomach contents contained 0.1% 

grayling eggs by weight (95% Cl; <0.1 % to 0.24%). The stomach contents of the 

cutthroat hybrids and brook trout included cutthroat hybrid and sucker eggs. Identifiable 

invertebrates in the stomach contents of the cutthroat hybrids, brook trout, and mottled

32
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sculpin were primarily from the class Oligochaeta and orders Diptera, Ephemeroptera, 

and Trichoptera (Tables 2.7-2.9).

Mottled sculpin (n = 115) and brook trout (n = 21) captured near the known 

Arctic grayling spawning area in 1996 again ate few fish eggs as they did in 1995 (Figure 

2.3). However, Arctic grayling eggs made up substantially more of the diet of brook 

trout in 1996 than in 1995 (2.3% vs. 0.1% by weight) (95% Cl; <0.1% to 6.0%). Other 

fish eggs in the stomach contents of sculpin and brook trout were cutthroat hybrid eggs 

(Tables 2.8, 2.9).

Bioenergetics Model Estimates of Consumption of Arctic Grayling Eggs

1995

Egg predation was modeled from May 20 to June 30,1995. Water temperatures 

used in modeling ranged from 4.3°C to 10.0°C (Appendix A, Table A. 10).

One of twenty-one Yellowstone cutthroat trout x rainbow trout hybrids in cohort 3 

ate 25 grayling eggs and I of 12 in cohort 5 consumed 4 grayling eggs. This comprised 

0.3% by weight of the diet of cohort 3 and 0.4% by weight of the diet of cohort 5 

(Appendix A, Table A.7). The bioenergetics model calculated that each Yellowstone 

cutthroat trout x rainbow trout hybrid individual in cohorts 3 and 5 consumed 1.549 g and 

3.054 g of Arctic grayling eggs, respectively, between May 20 and June 30,1995. This 

corresponds to 387.3 and 763.5 Arctic grayling eggs, respectively, for each cutthroat 

hybrid individual in each cohort.
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One of five brook trout in cohort I ate I grayling egg, 2 of 6 in cohort 2 ate a total 

of 4 grayling eggs, and I of 6 in cohort 3 ate 3 grayling eggs. Brook trout in cohorts I, 2, 

and 3 consumed 0.5%, 0.3%, and 0.1% grayling eggs by weight, respectively (Appendix 

A, Table A.8). The bioenergetics model calculated that each brook trout in cohorts I, 2, 

and 3 consumed 0.049 g, 0.126 g, and 0.074 g of Arctic grayling eggs, respectively, 

between May 20 and June 30,1995. This corresponds to 12.3, 31.5, and 18.5 Arctic 

grayling eggs consumed by each individual.

1996

Egg predation was modeled from June. 4 to July 3,1996. Water temperatures 

used in modeling ranged from 6.3°C to 11.7°C (Appendix A, Table A.11).

Two of seven brook trout in cohort I each ate I grayling egg and I in cohort 2 ate 

I grayling egg. Brook trout from cohorts I and 2 consumed 1.5% and 4.4% grayling 

eggs by weight, respectively (Appendix A, Table A.8). The bioenergetics model 

calculated that each brook trout in cohorts I and 2 consumed 0.125 g and 1.324 g or 31.3 

and 331.0 Arctic grayling eggs, respectively, between June 4 and July 3,1996.

Total Mortality of Arctic Grayling Eggs Caused by Predation

1995

There were an estimated 332,034 (SE = 13,951) Arctic grayling eggs available to 

predation in 1995. A total of 397 Yellowstone cutthroat trout x rainbow trout hybrids 

moved through the weir in 1995; 141 were in cohort 3 and 77 in cohort 5. The estimated
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number of Arctic grayling eggs eaten by these cohorts was 113,399 or 34.2% of those 

available.

Predator abundance estimates (Table 2.10) were used to calculate the following 

reach abundance estimates. The abundance estimate of brook trout in cohort 2 in the 7.5- 

km reach of Red Rock Creek was 210 with upper and lower abundance estimates of 279 

and 105, respectively. I estimated 5 + 2 brook trout in cohort I in the 0.5 km known 

Arctic grayling spawning area. The estimated number of Arctic grayling eggs eaten by 

cohorts I, 2, and 3 in the 8-km reach of Red Rock Creek in 1995 was 6,795 or 2.0% of 

those available with an upper bound of 9,042 or 2.7% and lower bound of 3,414 or 1.0%. 

The estimated number of eggs eaten by both Yellowstone cutthroat trout x rainbow trout 

hybrids and brook trout in 1995 was 120,194 or 36.2% of those available with an upper 

bound of 122,441 or 36.9% and a lower bound of 116,813 or 35.2%.

1996

There were 528,681 (SE = 22,214) Arctic grayling eggs available to predation in 

1996. Predator abundance estimates (Table 2,10) were used to calculate the following 

reach abundance estimates. The abundance estimate of brook trout in cohort I in the 8- 

km reach was 117 with upper and lower abundance estimates of 155 and 59, respectively. 

The abundance estimate of brook trout in cohort 2 in the 8-km reach was 214 with upper 

and lower abundance estimates of 285 and 107, respectively. The estimated number of 

Arctic grayling eggs eaten by brook trout cohorts I and 2 in the 8-km reach of Red Rock 

Creek in 1996 was 74,497 or 14.1% of the grayling eggs available, with an upper bound 

of 99,187 or 18.8% and a lower bound of 37,264 or 7.0%.
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Predation on Age-O Arctic Grayling

Predation by Resident Fish in Random Locations in the 8-km Reach of Red Rock Creek 

Stomach samples of juvenile Yellowstone cutthroat trout x rainbow trout hybrids 

(n = 8), mottled sculpin (n = 30), and brook trout (n = 6) captured in the 8-km reach of 

Red Rock Creek in 1995 contained no fish. Identifiable invertebrates eaten by the 

potential predators were primarily from the class Oligochaeta and orders Trichoptera, 

Coleoptera, and Ephemeroptera (Tables 2.1-2.9).

Predation bv Resident Fish Near the Known Arctic Grayling Spawning Area

Juvenile Yellowstone cutthroat trout x rainbow trout hybrids (n = I) and mottled 

sculpin (n = 40) captured near the known Arctic grayling spawning area in 1995 also did 

not eat fish. However, brook trout (n = 16) captured did eat some fish (5.3% by weight), 

including sculpin, but no Arctic grayling. Identifiable invertebrates consumed by the. 

potential predators that were captured were primarily from the class Oligochaeta and 

orders Trichoptera, Coleoptera, and Ephemeroptera (Tables 2.1-2.9).

One mottled sculpin (n = 120) captured near the known Arctic grayling spawning 

area in 1996 contained Arctic grayling (0.2% by weight)(95% Cl; <0.1% to 0.7%). 

Brook trout (n = 8) captured ate some fish (0.2% by weight), but no Arctic grayling. 

Identifiable invertebrates consumed by those captured were primarily from the orders 

Trichoptera, Plecoptera, and Ephemeroptera (Tables 2.8,2.9).
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Bioenergetics Model Estimates of Consumption of Age-O Arctic Grayling

Predation on age-0 Arctic grayling was modeled for the period of June 24 to 

August 5, 1996. The only mottled sculpin that consumed an age-0 Arctic grayling was 

81 mm TL; therefore, only cohort 3, which encompassed mottled sculpin from 80 to 98 

mm TL, was modeled (Bailey 1952) (Appendix A, Table A.3). The longest sculpin in 

cohort.3 was 98 mm TL as determined by Bailey (1952) and a 98-mm sculpin can 

consume grayling up to 53.2 mm in length. Emergence of Arctic grayling was estimated 

to begin June 24, 1996. Because age-0 Arctic grayling grew a mean of 9 mm per week in 

July and August 1996, by August 6, the mean length of age-0 grayling was 53.9 mm TL. 

Therefore, mottled sculpin cohort 3 could no longer consume age-0 Arctic grayling as of 

August 6.

Age-O Arctic grayling made up 0.9% of the diet of cohort 3 (Appendix A, Table 

A.9). The bionenergetics model calculated that each mottled sculpin individual in cohort 

3 consumed 0.136 g of age-0 Arctic grayling or 3.4 age-0 Arctic grayling from June 24 to 

August 5,1996.

Total Mortality of Age-O Arctic Grayling Caused by Predation

There were 449,379 (SE = 18,882) age-0 Arctic grayling available to predation in 

1996. Predator abundance estimates (Table 2.10) were used to calculate the following 

reach abundance estimates. The abundance estimate of mottled sculpin in cohort 3 in the 

8-km reach of Red Rock Creek was 7,776 with an upper bound of 13,723 and lower 

bound of 5,530. The estimated number of age-0 Arctic grayling consumed by mottled
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sculpin in cohort 3 was 26,438 or 5.9% of the age-0 grayling available in 1996, with an 

upper bound of 46,658 or 10.4% and a lower bound of 18,802 or 4.2%.

Sensitivity Analysis of Bioenergetics Model Estimates

Consumption estimates from the model for Yellowstone cutthroat trout x rainbow 

trout hybrids and brook trout were most sensitive to changes in two metabolic 

physiological parameters (RA and RB) and in beginning and ending weights of predators, 

prey energy densities, and the percent of the diet consisting of grayling eggs. They were 

also sensitive to 3 other metabolic physiological parameters (RTO, RK4 and ACT)

(Table 2.11).

Consumption estimates from the model for mottled sculpin were most sensitive to 

changes in 2 metabolic physiological parameters (RQ and RTO) and in beginning and 

ending weights of the mottled sculpin, prey energy densities, and the percent of the diet 

consisting of age-0 grayling. They were also sensitive to 2 other metabolic physiological

parameters (RA and ACT) and an egestion parameter (FA) (Table 2.12)
: -

Discussion

Temporal Availability of Arctic Grayling Eggs and Age-O Arctic Grayling 
to Predators in Red Rock Creek

The temporal availability of Arctic grayling eggs to predation in Red Rock Creek 

depends on the timing and length of the spawning season. The spawning season takes 

place between early May and late June depending on factors such as flow and 

temperature. Spawning activity was observed in a fairly condensed time period in 1994
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y

when the peak flow duration was short (May 9 to May 25; Mogen 1996a). The spawning 

period (May 20 to June 15) and corresponding availability of eggs to predation was 

protracted in 1995 because of an extended period of high water and low stream 

temperatures. The spawning period (about two and a half weeks) and temporal 

availability of Arctic grayling eggs to predation were short and delayed in 1996 

(beginning June 4) coinciding with peak flows.

The stream residence and, therefore, temporal availability of age-0 Arctic grayling 

in Red Rock Creek in 1996 was longer (3 to 6 weeks) than previously documented in this 

stream. Nelson (1954) and Mogen (1996a) reported 2 to 3 week stream residencies for 

age-0 Arctic grayling in this stream. In. the Madison River, age-0 Arctic grayling were 

reported present for about 35 to 38 days before apparently migrating downstream to 

FrmiR Reservoir (Jeanes 1996). The sampling location and time of day that the age-0 

Arctic grayling were captured may have caused the disparity among the studies because 

growth rates of age-0 grayling were similar in all studies (Figure 2.4). Grayling move out 

of slow-water habitat near the banks and into the stream channel upon reaching lengths of 

3 to 4 cm (Bardonnett et al. 1991) where they would not be as easily observed and 

caught. Young grayling also move primarily at night (Bardonett et al. 1991). Unlike 

previous researchers, I sampled at the mouth of Red Rock Creek during darkness. This 

greatly facilitated capturing the larger (> 4 cm) grayling, which were not caught by 

previous researchers, and provided a more accurate determination of their stream

residencies.
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Efficiency of Stomach Pump

The efficiency of the stomach pump at extracting stomach contents from trout was 

low (35.5% to 80.7%) compared to that of previous users of the method. However, the 

stomach pump was efficient (98.9%) at extracting stomach contents from mottled 

sculpin. Previous users of the method were 98% and 100% efficient (mean by weight) at 

removing stomach contents from brook trout and slimy sculpins Cottus cognatus (Light 

et al. 1963).

Reasons for the discrepancy in efficiencies include potentially inadequate water 

pressure from the stomach pump and possibly lateral orientation of fish in the stomachs. 

Water pressure from the stomach pump may not have been consistent or adequate. In 

addition, the lateral orientation offish in stomachs prevents them and other stomach 

contents behind them from entering the tube.

Predation on Arctic Grayling Eggs and Age-O Arctic Grayling

Fish are opportunistic feeders. Optimal foraging theory suggests fish operate 

under a cost-benefit framework (Gerking 1994). Fish eggs are high in energy content and 

require little energy to obtain. Age-O fish can be abundant and relatively easy to prey 

upon. Therefore, both are logical food items for fish.

Benthic feeders that are not valued as sportfish, such as suckers and sculpin, are 

often accused of preying upon more valued sportfish eggs. Although suckers have a 

reputation for preying on eggs, the evidence is variable and inconclusive (Scott and 

Crossman 1973). Little work has been published to support or refute the assumption. A
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few studies have shown that egg predation by suckers can be severe, but in one case the 

severe predation was on their own eggs (Ellis and Roe 1917; Dion and Whoriskey 1993). 

However, other studies provide evidence that predation by suckers is rare or does not 

occur (Stewart 1926; Stauffer and Wagner 1979). In Red Rock Creek, white suckers that 

were captured ate their own eggs, and consumed less than 0.3 eggs each in 1995 (1.1% of 

their diet by weight).

Some predation of eggs by sculpin has been reported, but despite their reputation, 

sculpin rarely have been documented to eat eggs (Scott and Crossman 1973; Moyle 

1977). As with suckers the evidence is variable and inconclusive. Some studies 

documented sculpins consuming many eggs (Stauffer and Wagner 1979; Tabor and Chan 

1996) while others have reported that sculpin eat a limited number of eggs (Dineen 1951; 

Zarbock 1951; Moyle 1977). Stomach contents of mottled sculpin sampled in Red Rock 

Creek contained no grayling eggs and only rarely eggs of other fish (0.009 fish eggs each, 

0.5% by weight in 1996).

Rainbow trout and cutthroat trout can be important predators of eggs, especially 

of salmonid eggs (Stauffer 1971; Scott and Crossman 1973; Johnson 1981; Tabor and 

Chan 1996). Stomach contents of steelhead contained 59.2% by weight of their own eggs 

in Orwell Brook, New York (Johnson 1981). In Red Rock Creek, stomach contents of : 

Yellowstone cutthroat trout x rainbow trout hybrids contained primarily their own eggs, 

but did contain some eggs that overlapped in size with those of Arctic grayling. The 

overlap in size was at the upper end of the range of the diameter of grayling eggs 

suggesting the eggs designated as grayling eggs were likely cutthroat hybrid eggs. Thus,
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the consumption of Arctic grayling eggs by predators is likely much lower than that 

estimated.

The growth estimates for Yellowstone cutthroat trout x rainbow trout hybrids 

used in the model likely inflated the consumption estimates of Arctic grayling eggs. The 

cutthroat hybrids were likely maintaining their weight or were losing weight because of 

spawning. The cutthroat hybrids were feeding less on their spawning migration in the 

creek than they did in the lake. The average weight of the stomach contents of cutthroat 

hybrids (greater than 300 mm TL) in May and June in the creek was 1.5 g and in July and 

August in the lake was 3.4 g.. If the cutthroat hybrids were maintaining their weight each 

individual in cohorts 3 and 5 would have consumed 1.012 g (vs. 1.549 g) and 2.379 g (vs. 

3.054 g) of Arctic grayling eggs, respectively. This corresponds to 253 eggs (vs. 387.3 

eggs) and 595 eggs (vs. 763.5 eggs) per individual in each cohort. The estimated number 

of Arctic grayling eggs eaten by cohorts 3 and 5 in 1995 would have been 81,488 (vs. 

113,399) or 25.4% (vs. 34.2%) of those available.

Brook trout are important predators of eggs in some systems (White 1930;

Tnhnsori 1981). In Red Rock Creek those captured consumed fewer fish eggs than 

reported in other locations. Stomach contents from brook trout from Red Rock Creek 

contained a mean of 0.32 fish eggs in 1995 (2.2% by weight) and 0.33 fish eggs (2.8% by 

weight) in 1996. White (1930) documented an average of 22.2 eggs per female brook 

trout stomach in Forbes’ Creek, Prince Edward Island. Johnson (1981) reported that 20% 

of the diet of brook trout by weight was fish eggs in Orwell Brook, New York. The 

diameter of many of the potential Arctic grayling eggs consumed by brook trout 

overlapped with the range of the diameter of sucker and cutthroat hybrid eggs. Because
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some of the eggs designated by definition as grayling eggs could have been sucker and 

cutthroat hybrid eggs, the estimated consumption of Arctic grayling eggs by brook trout 

is a high estimate.

Arctic grayling could have consumed their own eggs. However, I did not sample 

Arctic grayling stomachs because I did not want to add to the stress associated with 

spawning.

Brook trout are important predators of fish in other systems (Verreault and 

Courtois 1989; East and Magnan 1991). However, stomach contents from brook trout 

collected in Red Rock Creek contained no Arctic grayling and few fish [only 0.09 fish 

(3.8% by weight) and 0.13 fish (0.2% by weight) in 1995 and 1996, respectively].

Rainbow trout and cutthroat trout in other systems are important predators of age- 

0 salmonids (Ricker 1941; McCart 1967; Foerster 1968; ScOtt and Crossman 1973; 

Beauchamp 1995). Nonetheless, juvenile Yellowstone cutthroat trout x rainbow trout 

hybrid stomach contents obtained in Red Rock Creek during the age-0 grayling residency 

did not contain fish.

Sculpin seldom prey upon salmonids (Patten 1962; Petrosky and Waters 1975; 

Moyle 1977). However, they have been known to feed readily on age-0 salmonids in 

certain situations such as during large outmigrations (Hunter 1959; Foerster 1968; Tabor 

and Chan 1996). Because mottled sculpin captured in Red Rock Creek ate few grayling 

(4.2% to 10.4% of those available), they are probably not an important predator of age-0 

Arctic grayling.
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Potential Sources of Error in Consumption Estimates

As with any model, the outcomes predicted are only as good as the data and ■ 

assumptions used to generate them. The bioenergetics model estimates were sensitive to 

errors in metabolic physiological parameters as has been documented in other studies 

(Kitchell et al. 1977; Beauchamp et al. 1989). Error could have been incurred in the 

consumption estimates by using surrogate physiological parameters. Borrowing 

physiological parameters from other species has met with criticism (Ney 1993).

However, using parameters from similar species (i.e., with similar habitat and thermal 

tolerances) should provide reasonable approximations until the unique parameters of 

these species are derived.

The model estimates were also quite sensitive to changes in prey energy densities 

as reported by Beauchamp et al. (1989) and in the percent of the diet that consisted of 

grayling eggs or age-0 grayling. If prey energy densities or estimates of grayling eggs or 

age-0 grayling in the diet are inaccurate, consumption estimates could be much different.

The model estimates were also sensitive to errors in beginning and ending weights 

of predators. Using estimates of mean cohort lengths (from which beginning and ending 

weights were calculated) from other populations of Yellowstone cutthroat trout x rainbow 

trout hybrids, brook trout, and mottled sculpin introduces possible error to the model 

output. Consumption estimates could be considerably improved by obtaining actual 

beginning and ending weights of these species in Red Rock Creek. However, using data 

from populations in close proximity and elevation to Red Rock Creek should provide
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reasonable approximations until the data are obtained from the populations in Red Rock 

Creek.

An indication of the validity of consumption estimates is the fitted p-value. The 

p-value is the proportion of maximum consumption at which the cohort is feeding during 

the model simulation and is based on input data and parameters. (Hanson et al. 1997). 

Maintenance p-values are between 0.10 and 0.25 (Hewett and Johnson 1992). A p-value 

of I, is the highest possible growth for the cohort based on input data and the basic 

physiology offish in the cohort. However, a p-value of I is unrealistic for the Red Rocks 

situation. For example, using a p-value of I, the software would calculate annual growth 

of a cohort of mottled sculpin with a beginning weight of 20 g as 44 g over a 6 week 

period. This is not possible because the largest sculpin caught in Red Rock Creek was 44 

g. P-values between 0.3 and 0.5 are typical (Paul Hanson and Tim Johnson, University 

of Wisconsin-Madison and Ontario Ministry of Natural Resources, personal 

communications). Therefore, p-values obtained from my estimates of consumption (0.25 

to 0.49) were reasonable, which lends support to the validity of the consumption 

estimates.

The application of the abundance estimates is another potential source of error in 

the process of estimating mortality caused by predation. The backpack electrofishing 

equipment was limited in its efficiency at extracting fish from large, deep pools in Red 

Rock Creek, especially at high flows. This could have resulted in the underestimation of 

the abundance of brook trout, hi addition, low numbers of brook trout captured in 

removals resulted in suspect abundance estimates. Low capture probabilities (0.138 to 

0.291) were used to generate the abundance estimates of mottled sculpin and resulting
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abundance estimates had wide confidence intervals (Table 2.10). However, the 

abundance estimates are indicators of the orders of magnitude of the predators in Red 

Rock Creek.

There may have been greater than 15% mortality from eggs to emergent larvae, 

because the 15% mortality rate was calculated in a hatchery under controlled conditions. 

In natural conditions, more variables (i.e., sedimentation, disease) probably would have 

caused mortality. The higher mortality rate from eggs to emergent larvae could have 

resulted in an underestimation of the effect of predation on age-0 Arctic grayling.

Predation on age-0 Arctic grayling could also have been underestimated because 

predation may have occurred at night. Other studies have conducted sampling for age-0 

fish predators at night (Hunter 1959; Tabor and Chan 1996). Age-O Arctic grayling eaten 

at night probably would have been digested by the following day because of their small 

size and the water temperatures of Red Rock Creek. Atlantic cod Gadus morhua from 4 

to 60 mm long digested in 15 minutes to 9 hours at water temperatures of IO0C in 

stomachs of cannibalistic juveniles (Folkvord 1993). Most age-0 Arctic grayling were 

similar in size to these Atlantic cod, between 8 and 64 mm TL. Mean daily water 

temperatures in Red Rock Creek were between 7°C and 16°C during their creek 

residency, often warmer than those the Atlantic cod experienced. Although Arctic 

grayling and Atlantic cod may digest at different rates in the different predators, the age-0 

grayling eaten at night likely digested before the following day.
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Total Mortality of Arctic Grayling Eggs and Age-O Arctic Grayling
Caused by Predation

The high fecundity of fishes implies a high rate of mortality during the egg and 

larval stages of life (Braum 1978). Environmental stochasticity, habitat conditions, 

starvation, and predation are all sources of mortality of fish eggs (Braum 1978; Beschta 

and Platts 1986; Rothschild 1986; Everest et al. 1987; Strange et al. 1992). Thus, fish 

have evolved with some level of natural mortality of these life stages.

Brook trout, the only likely predator of Arctic grayling eggs detected in Red Rock 

Creek, consumed an estimated 0.7% of the available Arctic grayling eggs in 1995 and 

13.7% in 1996. No studies I reviewed quantified the effects of egg predation on prey 

populations, so I have no population effects of egg predation for comparison. The levels 

of egg predation at Red Rocks may be normal; however, brook trout are not native to the 

area. Such levels of predation could be important sources of mortality for the reduced 

grayling population, but probably are not causing the decline of the Arctic grayling at 

Red Rocks.

Mottled sculpin were estimated to have consumed between 4.2% and 10.4% of 

the available age-0 grayling in Red Rock Creek. Hunter (1959) estimated that cottids 

consumed from 7% to 28% of the age-0 salmon outmigrating from Hooknose Creek, 

British Columbia. Using that study as a gauge, the estimate of sculpin predation on age-0 

grayling at Red Rocks is reasonable.

Typically there is more than one predator of migrating prey fish. However, at 

Red Rocks the predation detected on age-0 Arctic grayling was caused by one predator 

and thus, the total predation estimate is low compared to other estimates of predation on
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age-0 fish. Losses of juvenile sockeye salmon caused by predation during their migration 

from the Cedar River to Lake Washington were about 15% (Beauchamp 1995).

Mortality of age-0 salmon caused by predation varied between 22.6% and 85.5% from 

1947 and 1956 in Hooknose Creek, British Columbia (Hunter 1959). The estimated 

losses of age-0 sockeye salmon to predation on their migration from Scully Creek to 

Lakelse Lake, British Columbia, varied between 63% and 84% from 1949 and 1953 

(Foerster 1968). Because the predation on age-0 grayling detected in Red Rock Creek 

was by only one predator and it is low compared to other estimates of predation on age-0 

fish, this predation is probably not an important source of mortality for the grayling at 

Red Rocks. Predation on age-0 Arctic grayling probably is not causing the decline of 

Arctic grayling at Red Rocks.

Recommendations for Future Predation Studies

Despite possible shortcomings, this study was an attempt to ascertain the effects 

of predation on eggs and age-0 fish on a fish population. This study determined the 

abundance of predators in combination with individual consumption estimates before 

conclusions were drawn on which predators were important. This study also estimated 

prey abundance which is important in determining the significance of predation. 

Furthermore, an energetics approach was used to account for factors such as water 

temperature, predator physiology, energy content of diet items, and interactions between 

these factors when calculating consumption of prey. This should be done and has not 

been done often in the past. Previous studies examined numbers or weight of eggs, or 

age-0 fish per individual predator as a measure of the significance of predation.
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A multiple year project should be conducted to account for natural variability in 

predation rates caused by environmental stochasticity and the number of eggs available to 

predation. There is evidence that fish prey less effectively with increased turbidity and 

stream velocities (Ginetz and Larkin 1976; Tabor and Chan 1996). There was less 

documented predation by brook trout on Arctic grayling eggs and by mottled sculpin on 

age-0 Arctic grayling in 1995 than 1996 in Red Rock Creek. An extensive period of high 

flow overlapped the stream residency of age-0 Arctic grayling in 1995. In contrast, low 

water in 1996 provided more favorable conditions for predation. There were also more 

eggs available to predation in 1996 than in 1995.

It is important to realize that some level of egg and age-0 fish predation is natural. 

The significance of the mortality caused by predation depends on the other factors 

causing mortality.
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Table 2,1. Parameter values (Hanson et al. 1997) used in the Yellowstone cutthroat trout 
x rainbow trout hybrid and brook trout bionenergetics modeling.

Symbol Parameter description Nominal
Value

Consumption equation: essentially the product of 2 sigmoid curves -  one fit to 
the increasing portion of the temperature dependence function and the other to 
the decreasing portion

CA Intercept of the mass dependence function fin a l g fish at the 
optimum water temperature

0.628

CB Coefficient of mass dependence -0.3
CQ Lower water temperature (0C) at which temperature dependence is 

small fraction of the maximum consumption rate (on increasing 
portion of curve)

5

CTO Water temperature (0C) corresponding to 0.98 of the maximum 
consumption rate (on increasing portion of curve)

20

CTM Water temperature (>CTO) (0C) at which dependence is still 0.98 of 
the maximum consumption rate (on decreasing portion of curve)

20

CTL Water temperature (0C) at which dependence is some reduced 
fraction of the maximum consumption rate (on decreasing portion of 
curve)

24

CKl Small fraction of maximum consumption rate (see CQ) 0.33
CK4 Reduced fraction of maximum-consumption rate (see CTL)

Respiration equation: a simple exponential relationship describes the temperature 
dependence metabolism and activity is a function of swimming speed

0.2

RA Specific weight of oxygen (g CVg'1 d"1) consumed by a I g fish at 
0°C and zero swimming speed

0.00264

RB Slope of the allometric mass function for standard metabolism -0.217

RQ Approximates the Qi0 (the rate at which the function increases over 
relatively low water temperatures, 0C'1)

0.06818

RTO Coefficient for swimming speed dependence on metabolism (s-cm"1) 0.0234

RTL Cutoff temperature at which the activity relationship changes (0C) 25

RKl Intercept for swimming speed at all water temperatures (cm s'1) I

RK4 Mass dependence coefficient for swimming speed at all water 
temperatures

0.13

ACT Intercept (cm s'1 fora Ig  fish at 0°C) of the relationship for 
sw im m ing speed versus mass at water temperatures less than RTL

9.7
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Table 2.1 . Continued.
Symbol Parameter description Nominal

Value

Respiration equation fcontinued)

BACT Water temperature dependence coefficient of swimming speed at 
water temperatures below RTL (0C"1)

0.0405

SDA Proportion of assimilated energy lost to specific dynamic action 
(the cost of digestion)

0.172

Esestion/excretion equation: eeestion (fecal waste) and excretion (nitrogenous
waste) are functions of water temperature and consumption

FA Intercept of the proportion of consumed energy egested versus 
water temperature and ration

0.212

FB Coefficient of water temperature dependence of egestion -0.222
FG Coefficient for feeding level dependence (Pwalue) of egestion 0.631
UA Intercept of the proportion of consumed energy excreted versus 

water temperature and ration
0.0314

UB Coefficient of water temperature dependence of excretion 0.58
UG Coefficient for feeding level dependence (P-value) of excretion -0.299
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Table 2.2. Parameter values (Hanson et al. 1997) used in the mottled sculpin
bionenergetics modeling.

Symbol Parameter description Nominal Value

Consumption equation: water temperature dependence function

CA Intercept of the mass dependence function fora Ig  fish at the 0.36
optimum water temperature (see CTO)

CB Coefficient of the mass dependence -0.31
CQ Approximates a Qio (the rate at which the function increases 2.3

over relatively low water temperatures)
CTO Laboratory temperature preferendum (0C) 26
CTM Maximum water temperature (0C) above which consumption 29

ceases (approximated by the upper incipient lethal, 
temperature)

Respiration equation: water temperature dependence of respiration is 
adjusted by an activity multiplier

RA, Number of grams of oxygen (g-g"1 d'1) consumed by a I g fish 0.0148
at RTO

RB Slope of the allometric mass function for standard metabolism -0.2
RQ Approximates the Qi0 (the rate at which the function increases 2.1

over relatively low water temperatures, 0C 1)
RTO Optimum water temperature (0C) for respiration (where 29

respiration is highest)
RTM Maximum (lethal) water temperature (0C) 32
ACT Activity (constant times resting metabolism) I
SDA Proportion of assimilated energy lost to specific dynamic 0.15

action (the cost of digestion)

Egestion/excretion equation: egestion and excretion are a constant
proportion of consumption

FA Proportion of consumption egested 0.4
UA Proportion of consumption excreted 0.1
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Table 2.3. Age-O Arctic grayling caught in Red Rock Creek or at its mouth in 1995 and 
1996.

Year Month Day n Mean leneth 
('mm') ± SD

Ranee ('mm')

1995 July 19 2 - -
• 24 2 23.5 ±2.1 22.0 to 25.0

- 27 I 32.0 -
August 28 5 78.0 ±6.1 69.0 to 86.0

September 16 I 102.0 -
1996 July 5 2 14.5 ±0.7 14.0 to 15.0

I 3 15.7 ±0.6 15.0 to 16.0
12 4 17.5 ±3.5 14.0 to 21.0
17 I . 30.0 -

. 19 I 24.0 -
21 I 34.0 ' -
23 44 37.4 ±4.8 29.0 to 56.0
25 .4 15.3 ±1.0 . 14:0 to 16.0
28 37 40.0 ±5.0 30.0 to 51-0

August 7 71 54.0 ±6.3 35.0 to 69.0
15 58 64.3 ±6.3 49.0 to 79:0
28 9 78.0 ±8.4 59.0 to 86.0

September 28 3 108.0 ± 13.2 93.0 to 118.0
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Table 2.4. Percent efficiency by weight of stomach pump for brook trout, mottled 
sculpin, and Yellowstone cutthroat trout x rainbow trout hybrids 
(cutthroat hybrids) caught in Red Rock Creek.

Total length (mm) n % Efficiency stomach pump 
(SE)

Brook trout <250 (113 to 236) 17 74.2 (6.2)
>250 (298 to 353) 2 35.5 (24.5)

Mottled sculpin 55 to 96 23 98.9 (0.7)
Cutthroat hybrids <250 (80.to 185) 14 _ 80.7 (5.8)

>250 (438 to 539) 6 57.6 (17.1)



Table 2.5. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of white suckers caught in Red Rock Creek in May and June of
1995 (n = 55 + 5 empty stomachs not included in calculations) and 1996 (n = I). Entries are in decreasing order of
percent composition by weight for 1995.

Mean % 
comndsition by 

weight (SE)

Mean weight fg) 
(SE)

Mean %  
composition by 
number fSE)

Mean number fSE) % Frequency of 
occurrence

Food item 1995 1996 1995 1996 1995 1996 1995 1996 1995 1996
Unidentifiable
invertebrates

57.5
(4.0)

31.3 0.110
(0.016)

0.012 10.7
(2.9)

3.7 - - 92.7 100.0

Trichoptera 20.1
(3.8)

19.1 0.046
(0.014)

0.007 27.3
(4.6)

7.4 ’ 12.2
(2.9)

2.0 65.5 100.0

Diptera 16.4
(3.2)

47.0 0.063
(0.027)

0.018 53.1
(19)

85.2 67.4
(23.1)

23.0 85.5 100.0

Otibiera 3.6 , 0.0 - ■ - 3.6 . 0.0 - - - -
Ephemeroptera 1.3

(0.4)
2.6 0.001

(0.000)
0.001 - 3.6

(1.0)
3.7 0.9

(OJ)
1.0 36.4 . 100.0

Sucker egg LI
(1-1)

0.0 0.001
(0.001)

0.000 1.7
(1.7)

0.0 0.3
(OJ)

0.0 1.8 0.0

a Other includes Amphipoda, Coleoptera, Plecoptera, Oligochaeta, Acari, Sphaeriidae, and Ostracoda.



Table 2.6. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of adult Yellowstone cutthroat trout x rainbow trout hybrids
caught in Red Rock Creek in May and June of 1995 (n = 59). Entries are in decreasing order of percent composition
by weight.

Food item Mean % 
composition by 

weight fSE)

Mean weight fg) 
(SE)

Mean % 
composition bv 
number (SE)

Mean number (SE) % Frequency of 
occurrence

Unidentifiable
invertebrates

46.2 (5.1) 0.059 (0.015) 37.6 (3.9) - 93.2

Plants 11.5 (3.6) 0.049 (0.040) 6.7 (2.4) 0.2 (0.1) 18.6
Oligochaeta 10.1 (3.5) 0.741 (0.464) 8.2 (3.0) 2.9 (1.8) 15.3

Fisha 9.4 (3.4) 0.129 (0.071) 5.5 (1.9) 4.1 (1.9) 18.6
Cutthroat hybrid egg 7,4 (2.8) 0.124 (0.068) 10.9 (3.4) 3.3 (1.7) , 16.9
Diptera . 4.4 (1.8) . 0.005 (0.002) 11.5 (2.5) 0.6 (0.1) 37.3 ,
Trichoptera 3.2 (1.4) • 0.013 (0.011) 5.4 (1.7) 0.3 (0.1) 20.3
Otherb 2.9 - 4.7 - -
Ephemeroptera 2.1 (1.0) 0.001 (0.000) 5.5 (1.7) 0.3 (0.1) 22.0
Sculpin egg 1.7 (1.7) 0,000 1.7 (1.7) 0.2 (0.2) 1.7
Sucker egg 0.9 (0.9) 0.000 0.8 (0.8) . 0.0 1.7

Graylingegg 0.2 (0.1) 0.005 (0004) 1.5 (1.0) 0.5 (0.4) 5.1
a Fish includes suckers, mottled sculpin, mountain whitefish, and Yellowstone cutthroat trout x  rainbow trout hybrids. 
b Other includes Cladocera, Hemiptera, Coleoptera, Plecoptera, Lepidoptera, and Homoptera.



Table 2.7. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of juvenile Yellowstone cutthroat trout x rainbow trout hybrids 
caught in Red Rock Creek in June and July in 1995. Entries are in decreasing order of percent composition by weight 
for sections A, B, & C.

Mean % composition Mean weight fg~) (SEi) Mean % composition Mean number (SE) % Frequency of
by weight fSFl bv number (SE) occurrence

Food item Sections Spawning Sections Spawning Sections Spawning Sections Spawning Sections Spawning
A, B & C area A, B & C area A, B & C area A, B & C area A, B, & C area

JUNE

n 29 15

Unidentifiable 29.9 37.4 0.026 0.020 10.2 16.4 -  . - 96.6 100.0
invertebrates (4.7) (7.6) (0.005) (0.004) (2.6) . (6.4)

Diptera 23.9 30.8 0.040 0.034 44.9 51.5 27.2 16.2 79.3 86.7
(4.2) (7.8) (0.011) (0.012) (5.8) (8.9) (9.2) (5.4)

Bphemeroptera 16.1 10.4 0.013 0.005 20.7 11.7 4.2 1.6 89.7 73.3
(2.6) (4.6) (0.003) (0.002) (3.8) (4.0) (0.9) (0.8)

Trichoptera 14.5 10.7 0.013 0.005 13.1 12.2 2.9 1.5 69.0 66.7
(4.1) (4.3) (0.004) (0.002) (3.7) (4.2) (0.6) (0.5)

Oligochaeta 8.1 5.4 0.096 0.020 3.6 1.3 0.6 0.2 13.8 6.7
(4.4) (5.4) (0.070) (0.020) (3.1) (1.3) (0.4) (0.2)

1 Other3 3.3 2.0 - - 5.0 3.1 - - - -

Coleoptera 2.3 1.0 0.004 0.000 0.5 2.5 0.2 0.2 . 20.7 20.0
(1.6) (0.7) (0.003) (0.2) (1.7) (0.1) (0.1)

Plecoptera 1.3 2.1 0.001 0.002 . 1-4 1.2 0.3 0.1 24.1 13.3
(0.6) (1.5) (0.001) (0.002) (0.8) (1.1) (0.1) (0.1)

Sucker egg 0.5 0.0 0.000 0.000 0.5 0.0 0.2 0.0 6.9 0.0
(0.5) (0.4) (0.1)

Cutthroat 0.1 0.2 0.000 0.000 0.1 0.1 0.0 0.1 3.4 6.7
hybrid egg (0.1) (0.2) (0.1) (0.1) (0.1)



Table 2.7. Continued.
Mean % comnosition 

bv weight (SE)
Mean weight fg) fSE) Mean % comnosition 

bv number ("SE)
Mean number ("SE) % Freauencv of 

occurrence

Food item Sections 
A, B & C

Spawning
area

Sections 
A, B & C

Spawning
area

Sections 
A, B & C

Spawning
area

Sections 
A, B & C

Spawning
area

Sections 
A, B, & C

Spawning
area

JULY

n 8 I
Unidentifiable
invertebratess

45.1
(10.2)

69.2 0.036
(0.008)

0.018 16.7 (5.8) ■ 16.7 — — 100.0 100.0

Trichoptera 13.1
(8-4)

0.0 0.018
(0.013)

0.00 11.9 (5.1) 0.0 1.8
(0.9)

0.0 50.0 0.0

Coleoptera 12.4
(8.7)

0.0 0.017
(0.011)

0.000 5.5 (2.4) 0.0 0.6
(0.3)

0.0 50.0 0.0

Oligochaeta 8.6
(8.6)

0.0 0.022
(0,022)

0.000 0.7 (0.7) 0.0 . 0.1
(0.1)

0.0 12.5 0.0

Diptera 8.5
(5.9)

0.0 0.004
(0.002)

0.000 29.7
(10.4)

0.0 4.8
(1.8)

0.0 62.5 0.0

Ephemeroptera 5.6 .
(1.8)

23.1 0.007
(0.003)

0.006 19.6 (7.7) 66.7 2.5
(1.2)

4.0 75.0 ioo.o

Plecoptera ■ 4.4
(4.4)

0.0 0.008 
. (0.008)

0.000 6.3 (6.3) 0.0 0.5
(0.5)

0.0 12.5 0.0

Qtherb 2.3 0.0 - - - 9.6 0.0 - - - —

Homoptera 0.0 7.7 0.000 0.002 0.0 16.7 0.0 1.0 0.0 100.0

aOther includes Neuroptera, Chilopoda, Lepidoptera, Hymenoptera, Cladocera, Hemiptera and Homoptera. 
bOther includes Cladocera, Hemiptera, Lepidoptera and Hymenoptera.



Table 2.8. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of brook trout caught in sections A, B, & Cabc in 1995 and near
the known Arctic grayling spawning areasp in Red Rock Creek in 1995 and 1996 in decreasing order of mean percent
composition by weight for 1996.

Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of
weight (SE) number (SEi occurrence

Food item I 995-Ik 1995,p 1996 1995lbc 1995"' 1996 1995*1« 1995,p 1996 1995*t« 1995>p 1996 !995*1« 1995,p 1996

JUNE

n 16 34 21

Trichoptera 5.4
(3.2)

14.3
(3.3)

35.0
(8.8)

0.024
(0.012)

0.026
(0.007)

0.024
(0.013)

8.0
(3.6)

13.0
(3.3)

25.6
(6.2)

1.1
(0.4)

1.2
(0-2)

1.8
(0.6)

43.8 55.9 61.9

Oligochaeta 72.8
(9.2)

43.0
(7.3)

26.5
(9.4)

1.753
(0.583)

0.349
(0.112)

0.180
(0.091)

41.7
(8.0)

23.7
(5.0)

16.6
(6.3)

8.3
(2.7)

3.1
(0-9)

1.5
(0.7)

81.3 55.9 28.6

Unidentifiable
invertebrates

16.7
(6.4)

21.1
(4.9)

24.5
(7.4)

0.051
(0.008)

0.033
(0.005)

0.008
(0.003)

10.6
(2.4)

13.4
(3-2)

30.5
(5.8)

- - - 100.0 91.2 100.0

Diptera1 3.2
(1.4)

12.1
(3.2)

5.6
(4.0)

0.015
(0.005)

0.033
(0.010)

0.003
(0.002)

26.1
(6.9)

36.1
(5-2)

4.8
(2.5)

6.6
(3.0)

10.4
(3.2)

0.3
(0.2)

62.5 76.5 19.0

Ephemeroptera 0.4
(0.2)

2.8
(1.2)

2.9
(1.3)

0.001
(0.000)

0.003
(0.001)

0.001
(0.000)

8.2
(3.4)

5.6
(1.3)

9.3
(3.7)

0.8
(0-2)

1.1
(0.3)

0.5
(0.2)

50.0 44.1 38.1

Grayling egg 0.1
(0-1)

0.1
(0.1)

2.3
(1.9)

0.002
(0.002)

0.001
(0.000)

0.000 1.4
(1.1)

0.4
(0.3)

4.6
(2.8)

0.3
(0.2)

0.1
(0.1)

0.1
(0.1

12.5 5.9 14.3

Otherb 0.8 4.5 1.7 - - - 2.4 6.3 6.4 - - - - - -

Unidentifiable
fish

0.0 0.0 1.0
(1.0)

0.000 0.000 0.000 0.0 0.0 - - - - 0.0 0.0 4.8

Cutthroat 
hybrid egg

0.6
(0.4)

2.1
(1.4)

0.5
(0.4)

0.025
(0.021)

0.006
(0.003)

0.003
(0.003)

1.6
(1.0)

1.4
(1.2)

2.2
(1.2)

0.6
(0.4)

0.2
(0.1)

0.2
(0.1)

18.8 11.8 14.3

Sucker egg 0.0 0.0 0.0 0.000 0.000 0.000 0.0 0.1
(0.1)

0.0 0.0 0.0 0.0 0.0 2.9 0.0



Table 2.8. Continued.
Mean % comnosition bv 

weight (SE)
Mean weight (e) (SE) Mean % comnosition bv 

number (SE)
Mean number (SE) % Freauencv of 

occurrence

Food item 1995,bt I995Sp 1996 I99Sabt I995SP 1996 I99Sabc I995Sp 1996 I99Sabc I995Sp 1996 I99Sabc I995Sp 1996

JULY

n 6 16 8

Trichoptera 21.3
(15.2)

39.8
(10.2)

57.5
(11.7)

0.022
(0.014)

0.111
(0.050)

0.152
(0.044)

29.8
(18.8)

32.5
(7.8)

51.4
(8.0)

4.2
(2.6)

2.8
(0.8)

14.8
(5.9)

33.3 62.5 87.5

Unidentifiable
invertebrates

12.8
(10.1)

16.9
(6-9)

15.8
(12.1)

0.051
(0.019)

0.012
(0.004)

0.109
(0.091)

13.3
(4.6)

20.1
(4.0)

18.7
(11.7)

- - - 100.0 100.0 100.0

Plecoptera 0.0 0.0 10.3
(5.4)

0.002
(0.002)

0.000 0.045
(0.027)

0.7
(0-7)

0.0 6.9
(3.1)

0.2
(0.2)

0.0 3.1
(2.0)

16.7 0.0 50.0

Ephemeroptera 1.3
(1.3)

0.6
(0-3)

8.2
(4.7)

0.001
(0.001)

0.008
(0.004

0.055
(0.048)

1.2
(1.2)

6.8
(2.3)

5.3
(1.8)

0.2
(0.2)

0.7
(0-3)

1.9
(1.3)

16.7 43.8 62.5

Coleoptera 0.7
(0.7)

0.0 3.4
(2.5)

0.021
(0.021)

0.000 0.019
(0.013)

3.6
(3.6)

0.4
(0.4)

3.8
(23)

0.8
(0.8)

0.1
(0.1)

0.8
(0.4)

16.7 6.3 37.5

Dipteraa 0.5
(0.3)

8.8
(5.6)

3.3
(2-0)

0.011
(0.011)

0.006
(0.003)

0.010
(0.005)

10.6
(6.7)

13.8
(4.5)

9.3
(4.0)

1.3
(LI)

0.8
(0.2)

2.6
(1.6)

33.3 50.0 75.0

Otherb 0.0 2.9 1.3 - - - 2.0 11.8 2.5 - - - - - -

Unidentifiable
fish

0.0 0.4
(0-4)

0.2
(0.2)

0.000 0.022
(0.022)

0.000 0.0 - 2.1
(2-1)

- - - 0.0 6.3 12.5

Oligochaeta 63.4
(20.1)

25.7
(10.2)

0.0 1.776
(1.094)

0.475
(0.282)

0.000 38.8
(15.1)

11.5
(5.8)

0.0 4.0
(1.9)

1.3
(0-6)

0.0 66.7 31.3 0.0

Mottled
sculpin

0.0 4.8
(4.8)

0.0 0.000 0.266
(0.266)

0.000 0.0 1.3
(1.3)

0.0 0.0 0.1
(0.1)

0.0 0.0 6.3 0.0

Sucker egg 0.0 0.1
(0.1)

0.0 0.000 0.002
(0.002)

0.000 0.0 1.8
(1.8)

0.0 0.0 0.3
(0-3)

0.0 0.0 6.3 0.0

* Other includes Homoptera, Plecoptera, Coleoptera, Cladocera. Hemiptera, Diplopoda, Lepidoptera, Hymenoptera, Himdinea, Acad, and plants. 
b Other includes Cladocera, Hemiptera, Lepidoptera, Hymenoptera, Neuroptera, Thysanoptera, and Acari.



Table 2.9. Mean percent composition by weight, mean weight, mean percent composition by number, mean number and
percent frequency of occurrence of stomach contents of mottled sculpin captured in sections A, B, & Cabc in 1995 and
near the known Arctic grayling spawning areasp in Red Rock Creek in 1995 and 1996 in decreasing order of mean
percent composition by weight for 1996.

Mean % composition bv 
weight (SE)

Mean weight fg) (SE) Mean % composition bv 
number (SE)

Mean number (SE) % Frenuencv of 
occurrence

Food item 1995abc 1995,p 1996 1995,bc 1995,p 1996 1995abc 1995,p 1996 1995abc I 9 9 5 Sp 1996 I 9 9 5 ab C I 9 9 5 Sp 1996
JUNE

n 28 +
2*

23 +
I*

115

Unidentifiable
invertebrates

39.5
(6.9)

43.5
(6.9)

51.7
(3.1)

0.019
(0.003)

0.019
(0.003)

0.017
(0.001)

27.5
(5.7)

31.2
(4.4)

44.0
P J )

- - - 96.4 100.0 100.0

Ephemeroptera 5.9
(2.6)

1.5
(1.0)

26.4
(2.6)

0.005
(0.002)

0.001
(0.001)

0.020
(0.004)

13.6
(4.0)

4.1
(2.0)

29.7
(2.6)

1.3
(0.4)

0.2
(0.1)

2.1
(0.2)

42.9 17.4 60.9

Oligochaeta 17.0
(6.7)

37.6
(8.1)

8.0
(2J2)

0.028
(0.011)

0.038
(0.010)

0.027
(0.010)

7.4
(3.1)

17.3
(4.1)

3.8
(1-1)

0.5
(0.3)

0.7
(0.2)

1.5
(0.1)

21.4 56.5 12.2

Diptera 16.8
(5.9)

14.9
(3-7)

7.9
(1.8)

0.016
(0.007)

0.007
(0.002)

0.004
(0.001)

33.7
(7.0)

41.4
(6.7)

12.6
(2.1)

7.6
(2 J )

3.3
(1.1)

2.0
(0.1)

64.3 69.6 30.4

Trichoptera 5.3
(2.4)

0.1
(0.1)

4.1
(1.3)

0.004
(0.003)

0.000 0.002
(0.001)

5.2
(2.3)

2.2
(2.2)

5.8
(1-3)

0.4
(0.1)

0.0 1.3
(0.1)

25.0 4.3 19.1

Plecoptera 9.5
(4.7)

2.4
(1.8)

L I
(0-6)

0.005
(0.002)

0.002
(0.001)

0.001
(0.001)

5.8
(2.6)

3.1
(2.2)

2.2
(0.7)

0.3
(0.1)

0.2
(0.1)

0.3
(0.0)

25.0 13.0 8.7

Cutthroat 
hybrid egg

0.0 0.0 0.5
(0-5)

0.000 0.000 0.000 0.0 0.0 0.4
(0.4)

0.0 0.0 0.0 0.0 0.0 0.9

Otherb 2.1 0.0 0.2 - - - 2.4 0.7 1.4 - - - - - —

Mottled
sculpin

3.3
(3.2)

0.0 0.1
(0.1)

0.011
(0.011)

0.000 0.001
(0.001)

1.0
(0-9)

0.0 0.1
(0.1)

0.1
(0.0)

0.0 0.0 7.1 0.0 0.9

Mottled 
sculpin egg

0.6
(0.6)

0.0 0.0 0.092
(0.092)

0.000 0.000 3.4
(3.4)

0.0 0.0 3.6
(3.6)

0.0 0.0 3.6 0.0 0.0



Table 2.9. Continued.
Mean % composition by Mean weight (g) (SE) Mean % composition bv Mean number CSEt % Frequency of

weight (SE) number (SE) occurrence
Food item 1995"* 1995"' 1996 1995"* 1995"' 1996 1995"* 1995"' 1996 1995"* 1995"’ 1996 1995"* 1995"’ 1996

n 28 40 120

JULY

Unidentifiable
invertebrates

52.9
(5.3)

46.9
(5.8)

48.0
(2.8)

0.016
(0.006)

0.013
(0.003)

0.017
(0.001)

30.1
(4.8)

38.8
(4.7)

29.1
(2.1)

- - - 100.0 100.0 100.0

Ephemeroptera 14.0
(4-2)

5.9
(2.5)

34.7
(2.6)

0.002
(0.001)

0.002
(0.001)

0.026
(0.004)

17.6
(4.4)

8.6
(3.1)

37.7
(2.5)

1.4
(0.4)

0.5
(0.2)

3.2
(0.3)

50.0 20.0 82.5

Diptera 9.4
(2.7)

13.8
(4.0)

8.7
(1.8)

0.005
(0.002)

0.010
(0.005)

0.003
(0.001)

28.0
(4.8)

27.5
(4.8)

22.8
(2-7)

2.7
(0.9)

2.7
(1-2)

13.2
(2.3)

67.9 55.0 49.2

Trichoptera 9.4
(3.7)

4.9
(2.6)

6.8
(1.5)

0.003
(0.002)

0.001
(0.001)

0.003
(0.001)

6.7
(2.6)

3.2
(1.6)

6.3
(1.2)

0.4
(0.1)

0.2
(0.1)

1.7
(0.1)

32.1 12.5 25.8

Otherc 2.8 2.0 1.5 - - - 4.8 5.4 3.5 - — —

Grayling 0.0 0.0 0.2
(0.2)

0.000 0.000 0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8

Plecoptera 6.5
(2.0)

2.9
(2.2)

0.1
(0.1)

0.001
(0.000)

0.003
(0.002)

0.000 9.9
(3.1)

2.8
(1.5)

0.6
(0.3)

0.6
(0.2)

0.1
(0.1)

0.0 32.1 10.0 2.5

Oligochaeta 5.0
(3.4)

22.3
(5.8)

0.0 0.003
(0.002)

0.050
(0.021)

0.000 2.9
(1.7)

11.7
(3.1)

0.0 0.1
(0.1)

0.5
(0.1)

0.0 10.7 32.5 0.0

Sucker egg 0.0 1.3
(1.3)

0.0 0.000 0.000 0.000 0.0 2.0
(2.0)

0.0 0.0 0.1
(0.1)

0.0 0.0 2.5 0.8

8 Additional empty stomachs not included in calculations. 
b Other includes Thysanoptera, Homoptera, Cladocera, Coleoptera, and Acari.
c Other includes Gastropoda, Physidae, Sphaeriidae, Cladocera, Copepoda, Homoptera, Coleoptera, Amphipoda, Hirudinea, Corixidae, and Acari.
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Table 2.10. Abundance estimates of resident potential predators including mottled
sculpin, brook trout, and juvenile Yellowstone cutthroat trout x rainbow trout 
hybrids (cutthroat hybrids) in Red Rock Creek.

N a (SE) N b (SE) N c (SE) Nm (SE) Ni N u

Mottled sculpin 235 (139) 449 (51) 899 (187) ■ 5 4 0 (1 1 3 ) 384 953

Brook trout 3(0) - 8(1) 6(2) 3 8

Cutthroat hybrids 0 6(0) 3(0) 3(1) I 6 :
N a = estimated number per 100 m, unit a 
Nb= estimated number per 100 m, unit b 
Nc=  estimated number per 100 m, unit c 
Nm= weighted estimate (mean number per 100 m)
N i= lower bound o f 95% confidence interval (mean number per 100 m) for mottled 

sculpin and lower bound o f abundance estimate for trout 
Nu= upper bound o f 95% confidence interval (mean number per 100 m) for mottled 

sculpin and upper bound o f abundance estimate for trout
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Table 2.11. Sensitivity of bioenergetics model estimates of consumption of adult
Yellowstone cutthroat trout x rainbow trout hybrids (cutthroat hybrids) and 
brook trout to 10% perturbations in the value of individual parameters 
(defined in Table 2.1). A value of 1.00 means that a 10% increase in a 
parameter from its nominal value (NV) caused a 10% increase in 
consumption in the model output.

Equation Parameter 1995 - Cutthroat 1995 -  Brook trout 1996 -  Brook trout
hybrids

90%
NV

Consumption CA 0.03

CB -0.05

CQ -0.01

CTO -0.02

CTM 0.00

CTL 0.00

CKl 0.02

CK4 0.00

Respiration RA -0.78

RB 1.34

RQ -0.40

RTO -0.59

RTL 0.00

RKl 0.00

RK4 -0.54

ACT -0.60

BACT -0.19

SDA -0.23

FA -0.20

FB 0.10

FG -0.04

UA -0.13

UB -0.14

UG 0.01

110%
NV

90%
NV

110%
NV

90%
NV

110%
NV

-0.03 0.04 -0.04 0.02 -0.01

0.07 -0.04 0.04 -0.01 0.02

0.02 -0.04 0.00 0.00 0.01

0.02 -0.04 0.00 -0.01 0.01

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

-0.01 0.00 -0.04 0.01 0.00

0.00 0.00 0.00 0.00 0.00

0.78 -0.64 0.56 -0.55 0.55

-1.13 0.44 -0.44 0.41 -0.38

0.42 -0.32 0.28 -0.31 0.33

0.64 -0.28 0.24 -0.26 0.28

0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

0.64 -0.16 0.12 -0.12 0.12

0.65 -0.28 0.24 -0.26 0.28

0.20 -0.12 0.04 -0.10 0.10

0.25 -0.28 0.20 -0.23 0.25

0.21 -0.20 0.20 -0.18 0.19

-0.09 0.04 -0.12 0.09 -0.08

0.04 -0.08 0.04 -0.03 0.03

0.13 -0.12 0.12 -0.14 0.14

0.17 -0.20 0.12 -0.17 0.19

-0.01 0.00 -0.04 0.01 -0.01

Egestion/
excretion
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Table 2.11. Continued.
Eauation Parameter 1995 - Cutthroat 

hybrids
1995 - Brook trout 1996 -  Brook trout

90%
NV

110%
NV

90%
NV

110%
NV

90%
NV

110%
NV

NA" Beginning/
ending
weights

-0.92 0.92 -0.92 0.92 -0.89 0.97

NA" Growth -0.27 0.27 -0.48 0.44 -0.48 0.48

NA' Prey
energy
densities

1.15 -0.93 1.12 -0.96 1.14 -0.92

NA"

3  X  T u. IT  1 . 1

% diet
grayling
eggs

-1.00 1.00 -1.00 0.96 -0.98 0.98

a N ot applicable.
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Table 2.12. Sensitivity of bioenergetics model estimates of consumption of mottled
sculpin to 10% perturbations in the value of individual parameters (defined in 
Table 2.2). A value of 1.00 means that a 10% increase in a parameter from 
its nominal value (NV) caused a 10% increase in consumption in the model 
output.

Equation Parameter 90% NV 110% NV

Consumption CA 0.00 0.00

CB 0.00 0.00

CQ 0.00 0.00

CTO 0.00 0.07

CTM 0.07 -0.07

Respiration RA -0.66 0.59

RB 0.22 -0.29

RQ 1.03 -0.88

RTO 0.74 7.35

RTM - -0.81

ACT -0.66 0.59

SDA -0.22 0.22

Egestion/excretion FA -0.66 0.66

UA -0.15 0.15

NAa Beginning/ending
Weight

-1.03 0.96

NA' Growth -0.37 0.37

NA' Prey energy 
density

1.10 -0.96

NA' % diet age-0 
grayling

-1.03 0.96

Not applicable.



Figure 2.1. Locations of the units (A, B, and C) in the 8-km reach of Red Rock Creek where electrofishing took place in 1995, 
and of the weir used to monitor the adult spawning population of Arctic grayling in 1995 and 1996. The known 
Arctic grayling spawning area is between the confluences of Antelope and Corral creeks.
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Figure 2.2. Age-O Arctic grayling caught with the 4.4-m seine and dip net in Red Rock 
Creek and with the 30-m seine at the mouth of Red Rock Creek in Upper 
Red Rock Lake in 1996.



69

1995 - 8-km reach
1995 - spawning area
1996 - spawning area

t5

Juvenile Mottled Brook
Cutthroat Sculpin Trout
Hybrids

Figure 2.3. Percent composition by weight of fish eggs in the diets of Yellowstone
cutthroat trout x rainbow trout hybrids (cutthroat hybrids), mottled sculpin, 
and brook trout in the 8-km study reach and near the known Arctic grayling 
spawning area in Red Rock Creek in 1995 and 1996 (sample sizes above each 
bar).
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Figure 2.4. Growth of age-0 Arctic grayling in 1951 and 1952 (Nelson 1954), 1994 
(Mogen 1996a), and 1995 and 1996.
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CHAPTER 3

EFFECTS OF PREDATION ON JUVENILE ARCTIC GRAYLING IN
UPPER RED ROCK LAKE

Introduction

Arctic grayling Thymallus arcticus have undergone a recent decline in abundance 

at Red Rock Lakes National Wildlife Refuge. Predation by other fish has been identified 

as one potential factor influencing the decline (Chapter I). Three potential fish predators 

exist in Upper Red Rock Lake. Two (brook trout Salvelinus fontinalis and Yellowstone 

cutthroat trout Oncorhynchus clarki bouvieri x rainbow trout 0. mykiss hybrids) are 

introduced species and the other is native (burbot Lota lota).

Predation can be a significant source of mortality for juvenile fish (e.g., 

Ruggerone and Rogers 1992; Beauchamp et al. 1995; Gibson and Robb 1996). Fish can 

be a major component in the diets of cutthroat trout, rainbow trout, and brook trout, 

especially those longer than 250 mm (Johannes and Larkin 1961; Marrin and Erman 

1982; Beauchamp 1990; East and Magnan 1991; Beauchamp et al. 1992). All 

Yellowstone cutthroat trout x rainbow trout hybrids trapped in Red Rock Creek during 

the spawning runs of 1994, 1995, and 1996 exceeded 300 mm in total length (TL) 

(Mogen 1996). Brook trout have been documented to prey upon age-0 Arctic grayling at 

Red Rocks (Nelson 1954) and in the Big Hole River drainage (Streu 1990). Burbot are 

piscivorous at lengths greater than 450 mm (Bernard et al. 1991; Rudstam et al. 1995).
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Red Rock Creek is the main spawning tributary to Upper Red Rock Lake for 

Arctic grayling. Two- to three-week old Arctic grayling migrate from the creek to the 

lake to feed and mature (Nelson 1954). Therefore, predation in the lake would most likely 

occur at the mouth of Red Rock Creek during the migration when the age-0 grayling are 

concentrated. Predators have been known to aggregate to consume prey at similar 

bottlenecks in their migrations (Petersen 1994).

The role of predation in the mortality of prey fish is often estimated by assuming 

that predation rates and predator densities can be characterized as means throughout 

large, homogenous areas (Petersen 1994). However, predation rates and predator 

densities can vary between areas where migrating prey fish enter a system and the 

remainder of the system. They can also vary temporally. Estimates of mortality caused 

by predation can be improved if spatial and temporal variation in predation rates and 

predator densities are taken into account. Predators may aggregate near the mouth of Red 

Rock Creek during the migration and consume more Arctic grayling there during the 

migration than after the migration.

Movements of predators in Upper Red Rock Lake near the mouth of Red Rock 

Creek may influence consumption of age-0 Arctic grayling. Predators may move 

between the lake and creek to avoid higher than optimal water temperatures [>13.7°C for 

burbot (Rudstam et al. 1995) and >15°C for cutthroat trout (Beauchamp et al. 1995)] that 

often prevail in the lake. The fish may return to the lake to forage when water 

temperatures decline. Salmonids move to thermoregulate in other systems (Matthews et 

al. 1994; Nielsen and Lisle 1994; Garrett and Bennett 1995; Snucins and Gunn 1995). If
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predators ascend Red Rock Creek, they could encounter and consume grayling moving 

downstream.

Specific objectives of the study were to I) determine the temporal availability of 

juvenile Arctic grayling to predation at the mouth of Red Rock Creek, 2) quantify the 

spatial and temporal variability in predation rates on juvenile Arctic grayling in Upper 

Red Rock Lake, 3) determine the spatial and temporal variability in predator densities in 

Upper Red Rock Lake, and 4) estimate the total mortality of age-0 Arctic grayling caused 

by predation in Upper Red Rock Lake.

, Study Site

Upper Red Rock Lake is located in Red Rock Lakes National Wildlife Refuge in 

the Centennial Valley of southwestern Montana. The refuge was established in 1935 for 

the protection and maintenance of trumpeter swans Cygnus buccinator and other 

waterfowl. The lake lies at an elevation of 2,015 m and is bordered by the Centennial 

Mountains, which rise abruptly from its southern shore and form the Continental Divide 

and the Montana-Idaho boundary. The Gravelly Range forms the northern border of the 

Centennial Valley.

Upper Red Rock Lake has five major tributaries and an outlet. The main tributary 

to Upper Red Rock Lake is Red Rock Creek (Figure 3.1) which enters the east side of the 

lake and is a third-order headwater of the Missouri River. Tom, Elk, Grayling, and East 

Shambow creeks are the four other principal tributaries. Many other small creeks flow 

into Upper Red Rock Lake. Red Rock Creek exits the northwest comer of Upper Red
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Rock Lake and flows to Lower Red Rock Lake, downstream of which it is called the Red 

Rock River.

Upper Red Rock Lake has a surface area of about 9 km2 and a maximum depth of 

2 m. It is a cold monomictic lake, lacking stratification in summer because of its shallow 

depth and mixing by wind. Macrophytes are distributed extensively throughout the lake. 

Summer temperatures in the lake can reach 21 °C. The lake is usually ice-covered from 

November through early May.

Native fish species in Upper Red Rock Lake other than those mentioned 

previously include mottled sculpin Cottus bairdi, white sucker Catostomus commersoni, 

longnose sucker Catostomus catostomus, mountain whitefish Prosopium williamsoni, and 

long-nosed dace Rhinichthys cataractae. The fish populations in Upper Red Rock Lake 

are unexploited because the lake has been closed to fishing since 1959 (Unthank 1989).

Methods

Temporal Availability of Juvenile Arctic Grayling to Predation 
at the Mouth of Red Rock Creek

Red Rock Creek was floated once from the Elk Lake Road bridge to its mputh 

upon detection of age-0 Arctic grayling in the margins near its mouth in late July 1995 

(Chapter 2). Backwater or slow-water habitat was sampled with a dip net (1-mm mesh) 

and the 4.4-m seine (1.2 m in height and 4.4 m in length with 1.6-mm mesh) at 10-minute 

intervals of floating time. The margins of the mouth of Red Rock Creek were also dip 

netted and seined twice weekly for 2 weeks in 1995 upon detection of age-0 Arctic 

grayling there (Chapter 2).
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Red Rock Creek was floated and sampled with the dip net and seine weekly 

during the estimated creek residency of age-0 Arctic grayling in July 1996 (Chapter 2). 

Four dip net hauls and two seine hauls were conducted at 10-minute intervals of floating 

time in backwater or slow-water habitat, in oxbows, at the creek mouth, and in the lake 

margin around the mouth of Red Rock Creek during each float. The first float began at 

the known Arctic grayling spawning area and ended at the mouth of Red Rock Creek. 

Successive floats proceeded from the Elk Lake Road bridge to the mouth of Red Rock 

Creek.
:  '

I used a 30-m seine to determine when juvenile Arctic grayling were potentially 

subject to predation at the mouth of Red Rock Creek in Upper Red Rock Lake in 1995 

and 1996. The 30-m seine consisted of 6.4-mm mesh and was 1.2 m in height.

Seining was conducted north of the mouth (within 200 m of the mouth) of Red 

Rock Creek in late August, mid-September, and early October 1995. Three seine hauls 

were conducted at 0300, 0900,1500, and 2100 h each sampling period in 1995 to 

determine the diel variation in juvenile Arctic grayling abundance.

The seining procedure was revised in 1996 from the method used in 1995 to 

determine the timing of the outmigration of juvenile Arctic grayling. The mouth of Red 

Rock Creek was seined weekly during the estimated juvenile migration from July to late 

August 1996 (Chapter 2) and once in October 1996. One seine haul was pulled across 

the mouth of the creek and two other hauls were pulled north of the mouth (within 200 m 

of the mouth) of the creek just after sunset each sampling night. Seining occurred at dusk 

because grayling migrate downstream during darkness (Bardonnet et al. 1993) and all 

juvenile Arctic grayling captured by seining in 1995 were taken during darkness.
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Spatial and Temporal Variability in Predation Rates of Juvenile Arctic Grayling
in Upper Red Rock Lake

Predation rates were examined on various spatial and temporal scales to best 

estimate the mortality of.juvenile Arctic grayling caused by predation. Predation was 

examined where and when it would most likely occur, near the mouth of Red Rock Creek 

during the juvenile Arctic grayling emigration. Predation by predators moving between 

Red Rock Creek and Upper Red Rock Lake was also determined during the juvenile 

Arctic grayling migration. Predation was also investigated in other areas of the lake 

during the juvenile Arctic grayling emigration to determine if predators were consuming 

more juvenile Arctic grayling where the grayling were concentrated near the mouth of 

Red Rock Creek. In addition, predation rates were obtained both near the mouth of Red 

Rock Creek and in other areas of the lake following the juvenile Arctic grayling 

migration to determine if more juvenile Arctic grayling were consumed during than after 

their migration.

Predation Near the Mouth of Red Rock Creek During the Juvenile Arctic Grayling 
Migration

Trap nets were used near the mouth of Red Rock Creek during the juvenile 

grayling migration to catch predators to obtain their stomach contents in 1995. Trap nets 

had 25-mm bar mesh netting and each consisted of lead net (18.3 m x 1.2 m) attached to a 

conical net that was distended by two rectangular frames (1.2 m x 1.8 m) and three hoops 

(I m in diameter). Each trap net was held in place with an anchor (9 kg) attached to the 

cod end, and a steel stake (25 mm x 64-cm) attached to the lead net.
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Trap nets were set within a 0.6-km radius of the mouth of Red Rock Creek in 

1995. The area around the mouth of Red Rock Creek was stratified into four units each 

containing twenty 100 m x 100 m sections (Figure 3.1). Centers of sections were located 

with a global positioning system instrument. Trap netting occurred twice in July and 

twice in August in 1995 coinciding with the outmigration of age-0 Arctic grayling from 

Red Rock Creek. The 24-h day was divided into three 8-h segments for sampling. One 

trap net was set in the center of one randomly selected section of each unit each 8-h 

sampling segment each sampling period. Therefore, trap nets were set in a total of 12 

randomly selected sections each sampling period. Nets were checked every 3 h to 

minimize digestion of stomach contents of the predators.

Monofilament gill nets were used to catch predators near the mouth of Red Rock 

Creek during the juvenile grayling emigration to obtain their stomach contents in 1996. 

Gill nets were used instead of trap nets in 1996 because trap nets did not catch many 

potential predators (brook trout or Yellowstone cutthroat trout x rainbow trout hybrids 

greater than 250 mm TL or burbot greater than 450 mm TL) in 1995. Gill nets were also 

used to eliminate any bias in the quantity or type of fish consumed by the potential 

predators captured with trap nets (i.e., predation within the trap nets). Each gill net was 

1.8 m in height and 80.8 m in length and consisted of eight 10.1-m panels of 102-, 127-, 

152- and 178-mm stretched-mesh (2 panels of each mesh). These mesh sizes were 

chosen to avoid capturing Arctic grayling while effectively capturing potentially 

piscivorous predators (Pulliainen and Korhonen 1990; East and Magnan 1991; Fratt 

1991; Beachamp et al. 1992; Carl 1992). Gill netting occurred within a 0.6-km radius of 

the mouth of Red Rock Creek that was less than 1.5 m in depth in 1996. This area was
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divided into three sampling units: two nearshore units each containing fifteen 100 m x 

100 m sections and one “fixed” unit containing one 100 m x 100 m section directly 

adjacent to the mouth of Red Rock Creek (Figure 3.1). Nearshore areas were netted 

because age-0 Arctic grayling inhabit these areas (Nelson 1954) and predator catch rates 

were higher close to shore (personal observations). The "fixed" section was selected 

because age-0 Arctic grayling were known to occupy that section (personal observations) 

whereas use by juvenile Arctic grayling of other areas of the lake was unknown.

Gill nets were set in one randomly selected section in each nearshore unit and 

twice in the "fixed" section off the mouth of Red Rock Creek weekly during the age-0 

Arctic grayling migration from early July until late August. Because predator catch rates 

were highest in the "fixed" section and age-0 Arctic grayling occupied this section, all 

three gill nets were also set perpendicular to the mouth of Red Rock Creek in the "fixed" 

section weekly during the migration.

The stomach contents collected each sampling period were treated as an 

individual sample because abundance, availability, and vulnerability of age-0 Arctic 

grayling can change quickly early in ontogeny. I wanted to use as large a sample size as 

biologically and logistically possible because the larger the sample, the more accurately it 

reflects the true characteristics of the population (Brown and Austen 1996). My goal was 

to sample 30 cutthroat hybrid stomachs each week near the mouth of Red Rock Creek 

and 30 twice each month in the remainder of the lake in 1996. I assumed gill nets would 

cause mortality to all cutthroat hybrids captured and estimated the abundance of cutthroat 

hybrids weekly to determine the potential mortality I was causing to the spawning 

population. I estimated the abundance of cutthroat hybrids with the Peterson method,
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using the total marked at the weir upstream of the Elk Lake Road bridge in 1996 (Mogen 

1996b) and the marked cutthroat hybrids caught in the lake in 1996. I estimated early in 

the predator collection process that if the gill nets caused total mortality of the cutthroat 

hybrids captured, sampling would take about 20% of the cutthroat hybrid spawning 

population. Because there is no fishing mortality (Unthank 1989), this mortality was not 

considered to be harmful to the population (A. Zale, Montana Cooperative Fishery 

Research Unit, personal communication).

Few burbot or brook trout were captured and large numbers of burbot and brook 

trout are known to inhabit the lake and creeks (Chapter I). Therefore, I sampled as many 

burbot and brook trout stomachs as possible each week.

Net sets were limited to I h in duration to minimize mortality and ensure that prey 

did not have time to digest in stomachs. Gill netting occurred at night because age-0 

Arctic grayling migrate during darkness, potential predators were rarely captured during 

daylight in 1995, and potential predators fed primarily noctumally. Gill nets were fished 

for five 1-h sets each night or until the goal of 30 Yellowstone cutthroat trout x rainbow 

trout hybrid stomachs was reached. Gill nets were generally set 2 h after sunset and were 

fished until sunrise.

All fish captured weighing less than 2,000 g were weighed to the nearest 0.1 g on 

an Ohaus LS 2000 portable electronic balance or to the nearest gram with I kg x 10 g, 

500 g x 5 g and 100 g x I g Pesola precision spring scales. The spring scales were used 

when weather conditions did not permit the use of the electronic balance. Fish weighing 

more than 2,000 g were weighed to the nearest 28.3 g on a HOMS 9.1 kg x 28.3 g top

loading spring scale. The total length of all fish captured was measured in millimeters.
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Stomachs of potentially piscivorous predators, brook trout and Yellowstone cutthroat 

trout x rainbow trout hybrids greater than 250 nun TL and all burbot, were pumped 

(Pulliainen and Korhonen 1990; East and Magnan 1991; Fratt 1991; Beachamp et al. 

1992; Carl 1992). Stomachs of burbot both less than and greater than 450 mm TL were 

pumped because piscivory by burbot less than 450 mm in length has been documented 

(Fratt 1991) even though burbot do not usually become piscivorous until they grow to 

lengths greater than 450 mm. The esophagus of each potential predator (all burbot in 

1995 and 1996, and adult Yellowstone cutthroat trout x rainbow trout hybrids and brook 

trout in 1996) was distended with PVC tubing of varying diameters to increase the 

efficiency of evacuating its stomach (Van Den Avyle and Roussel 1980). Stomach 

contents were pumped using a modified 4-liter chemical sprayer (Light et al. 1983), fixed 

in 10% formalin buffered with sodium bicarbonate (McMahon and Tash 1979), and 

stored in Whirl-Pak bags.

Predation bv Predators Moving Between Red Rock Creek and Upper Red Rock Lake 
During the .Juvenile Arctic Grayling Migration

A weir at the mouth of Red Rock Creek was used to investigate the rates of 

predation of juvenile Arctic grayling by predators that were moving between Red Rock 

Creek and Upper Red Rock Lake during the juvenile migration in 1996. The weir 

consisted of up and downstream box traps with wings (Figure 3.2). Each box trap had a 

2.5-cm steel, square-tubing Srameil with a 1.3-cm mesh galvanized hardware screen 

bottom and walls, and a plywood lid. Each box trap was 1.2 m long, 0.8 m wide, and 0.9 

m high. The wings were made with 1.0-m lengths of 1.3-cm metal conduit cabled 

together and spaced at 1.9 cm, and 1.5-m rigid panels composed of 1.0-m lengths of 1.0-
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cm aluminum pipe spaced at 1.9 cm. The weir covered the entire width of the stream 

(about 15 m). It was operated 2 to 4 days and nights per week from early July until early 

August. The weir was checked every 2 to 3 h during each night and was disabled 

between trapping sessions.

Predation in Other Locations in Upper Red Rock Lake During the Juvenile Arctic 
Grayling Migration

Two study areas were added in 1996 to investigate the rates of predation of 

juvenile Arctic grayling by predators elsewhere in the lake during the juvenile migration 

(Figure 3.1). These were situated in the center of the lake and in the vicinity of the 

mouth of Grayling Creek. The study area in the center of the lake included that part of 

the lake more than 0.6 km from shore and free from tributary influence. This study area 

was divided into three units each containing one hundred thirty-four 100 m x 100 m 

sections. The study area around the mouth of Grayling Creek was analogous to that 

around the mouth of Red Rock Creek, but presumably lacked large numbers of 

outmigrating grayling. It included the area less than 1.5 m in depth within a 0.6-km 

radius of the creek mouth. It was divided into three units: two nearshore units each 

consisting of fifteen 100 m x 100 m sections and one “fixed” unit consisting of one 100 

m x 100 m section directly adjacent to the mouth of Grayling Creek. Because catch rates 

in the center of the lake were low, I attempted to obtain a combined 30 Yellowstone 

cutthroat trout x rainbow trout hybrid stomachs from the center of the lake and the region 

near the mouth of Grayling Creek each sampling period.

Nets were set near the mouth of Grayling Creek in two randomly selected sections 

in each nearshore unit and twice in the "fixed" section in July and in one randomly
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selected section in each nearshore unit and once in the “fixed” section in August. All 

three gill nets were also set perpendicular to the mouth of Grayling Creek in the “fixed” 

section in August. Nets were set in three randomly selected sections in each unit in the 

center of the lake in both July and August.

Predation Near the Mouth of Red Rock Creek After the Juvenile Arctic Grayling 
Migration

Trap nets were used to catch predators and obtain their stomach contents after the 

juvenile Arctic grayling migration in October 1995 near the mouth of Red Rock Creek. 

The trap netting procedure was revised from the method used during the migration period 

in an attempt to increase catch rates. A set consisted of two trap nets facing each other 

connected by their lead nets; this increased catch rates because predators trying to go 

around the net barrier in either direction became trapped in the nets. The nets were set 

five nights directly off the mouth of Red Rock Creek for a mean of 20.3 h (SD = 3.9 h) 

each night. Nets were not checked as often as previously because cool water 

temperatures slowed digestion rates.

Gill nets were used to catch predators and obtain their stomach contents after the 

migration in late September and early October 1996 near the mouth of Red Rock Creek. 

Nets were set in two randomly selected sections in each nearshore unit in late September 

and early October. A net was also set once in the “fixed” section and all three nets were 

set once perpendicular to the mouth of Red Rock Creek in the “fixed” section in late 

September and early October.
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Predation in Other Locations in Upper Red Rock Lake After the Juvenile Arctic Grayling 
Migration

Gill nets were set both near the mouth of Grayling Creek and in the center of the 

lake after the juvenile Arctic grayling migration in 1996. Nets were set near the mouth of 

Grayling Creek in one randomly selected section in each nearshore unit and in the "fixed" 

section in early October. All three gill nets were also set perpendicular to the mouth of 

Grayling Creek in the "fixed" section in early October. In addition, nets were set in the 

center of the lake in three randomly selected sections in each unit in late September.

Influence of Trap Nets as Method of Capture on Stomach Contents

Burbot have been known to gorge themselves on prey fish and eat species they 

may not otherwise have eaten when impounded with other fish in trap nets (Clemens 

1951; Hewson 1955; Chen 1969; Hackney 1973; Muth and Smith 1975). I examined the 

stomach contents of burbot greater than 450 mm TL and Yellowstone cutthroat trout x 

rainbow trout hybrids greater than 250 mm TL captured with trap nets in the autumn of 

1996. The trap nets were employed to catch burbot to obtain their otoliths; see Chapter 4 

for trap netting procedures. I compared the weight of the stomach contents and the 

percent composition by weight of suckers in the stomach contents obtained with trap nets 

to those obtained with gill nets in the autumn of 1996 to determine the influence of 

capture method on stomach contents. These data were examined to determine if they met 

the assumptions of parametric testing by performing Anderson-Darling normality tests on 

them. Because the data were not normally distributed, the data were transformed by 

taking their square root to make variances more equal to better meet the assumptions of
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parametric testing. If the transformed data met the assumptions of parametric testing a 

Two Sample T-Test was performed on the transformed data, if not a Mann-Whitney Test 

was conducted on the original data (Daniel 1990).

EfSciencv of Stomach Pump

A subsample of Ssh was sacriSced to test the efSciency of the stomach pump. A 

histogram of the difference between the proportion of Ssh pumped and the proportion of 

Ssh remaining in the stomach was generated to determine if the data met the assumptions 

of parametric testing. When the distribution was symmetrical, but not normal, a 

Wilcoxon Signed Rank test (Daniel 1990) of the median difference of the proportion of 

Ssh pumped and the proportion of Ssh remaining in the stomach was performed.

Consumption of Juvenile Arctic Grayling by Predators

Stomach contents were sieved with 400-pm Nitex screen (Tabor et al. 1993), 

identiSed, and counted. Invertebrate prey were identiSed to taxonomic class or order 

(Thorp and Covich 1991; Merritt and Cummins 1996). Only heads or invertebrates with 

heads were counted in a sample with both body pieces and heads. Fish prey were 

identiSed to genus or species (Hansel et al. 1988; Bamdt 1996; Frost et al. 1996). A 

digestive enzyme technique was used to prepare a diagnostic bone collection to aid in the 

identification of Ssh prey in stomachs (Tabor et al. 1993). The enzyme solution 

consisted of 97% (by weight) lukewarm tap water, 2% (by weight) pancreatin, and 1% 

(by weight) sodium sulSde. Fish were immersed in the enzyme solution in individual
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containers and placed in a 40°C water bath under a chemical fume hood until the flesh 

had been digested (up to 36 h depending on fish size). After the flesh had digested, the 

contents were poured through a 400-pm sieve and rinsed with tap water. Diagnostic 

bones included cleithra, dentaries, opercles, pharyngeal teeth, otoliths, and vertebrae. 

Burbot and sculpin possessed the only distinctive vertebrae of the fish species found at 

Red Rocks. Scales were also used to identify fish prey in stomachs. Bones that were not 

diagnostic and fleshy tissue that was not attached to diagnostic bones were classified as 

unidentifiable fish. Eggs were identified by measuring their diameters with a micrometer 

mounted in a dissecting microscope. Eggs 3.5 mm to 5 mm in stomach contents from 

fish collected from late August through October were considered brook trout eggs (Scott 

and Crossman 1973). Plants that made up more than 10% of the stomach contents were 

considered a separate category. Other plant matter and unidentifiable invertebrate parts 

were classified unidentifiable.

Identifiable prey types were blotted with paper towels and their weight was 

obtained on an Ohaus E400D balance to the nearest 0.001 g. Unidentifiable parts were 

poured through a piece of Nitex screen, which was folded with the contents in its center, 

blotted with paper towels, and weighed.

Stomach contents were quantified using percent frequency of occurrence, percent 

composition by number, and percent composition by weight (Hyslop 1980). They were 

also quantified by time of predator capture [during (July and August) or after (October) 

the age-0 Arctic grayling migration] and location: I) near the mouth of Red Rock Creek 

during the migration, 2) ascending and descending Red Rock Creek during the migration,
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3) near the mouth of Grayling Creek and in the center of the lake during the migration, 4) 

near the mouth of Red Rock Creek after the migration, and 5) near the mouth of Grayling 

Creek and in the center of the lake after the-migration.

Spatial and Temporal Variability in Predator Densities in Upper Red Rock Lake 

Burbot and Brook Trout

Chi-square tests were performed to determine if statistical differences in the gill 

net catch of burbot and brook trout existed among locations during the age-0 Arctic 

grayling migration. Locations compared include the mouths of Red Rock and Grayling 

creeks and the center of the lake. Because few burbot or brook trout were captured, the 

number of nights that each species was captured was contrasted with the number of 

nights that each species was not captured. Therefore, catch was defined as zero or greater 

than zero burbot or brook trout per night. Chi-square statistics were partitioned to 

determine each location’s contribution and, therefore, importance affecting catch.

Chi-square tests were also performed to determine if statistical differences in gill 

net catch of burbot existed between July and August (during the juvenile Arctic grayling 

migration) and October (after the migration). Catch was again defined as zero and 

greater than zero burbot per night. Chi-square statistics were partitioned to determine 

each season’s contribution and, therefore, importance affecting catch.

Yellowstone Cutthroat Trout x Rainbow Trout Hybrids

Gill net catch rates of Yellowstone cutthroat trout x rainbow trout hybrids were 

compared among the 3 study sites in the lake in 1996. Because greater numbers of
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cutthroat hybrids were captured than burbot and brook trout, a different approach was 

used to analyze catch rates.

The unit of effort used for comparison was catch-per-hour each night of netting. 

This unit was chosen because it was independent by net location and by date of set. 

Because netting did not take place the same number of hours or at the same times each 

night, I ran correlation tests between time of set and catch to determine if weighting 

catch-per-hour by the number of hours netted or times of net sets was necessary. 

Correlation tests were run for each location each month because differences may exist by 

location and over time. The five locations examined included the fixed and random 

nearshore areas at both creek mouths and the center of the lake. The three months 

examined were July, August, and October. Spearman rank correlation coefficients were 

calculated for non-normally distributed data and Pearson product-moment correlation 

coefficients were calculated for normally distributed data (Daniel 1990). Significance of 

the correlation was determined by examining P-values (a = 0.05) associated with the 

regression of the number caught on the time of set for normally distributed data, and with 

the test statistic associated with the Spearman rank correlation coefficient for non- 

normally distributed data (J. Borkowski, Montana State University, personal 

communication).

The catch rates were examined to determine if they met the assumptions of 

parametric testing. Anderson-Darling normality tests were performed on the residuals of 

the catches-per-h of all the locations and months combined that were used for the analysis 

of variance. Plots of residuals versus fitted values were also examined. Because of 

unequal variances the data were transformed. The square root of the catch-per-hour data
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was calculated to make variances more equal to better meet the assumptions of the 

analysis of variance.

A two-way analysis of variance with unequal sample sizes was used to determine 

if a statistical difference in gill net catch of Yellowstone cutthroat trout x rainbow trout 

hybrids existed between months and among locations during the juvenile Arctic grayling 

migration. The two independent variables were month (July and August) and location 

(center of the lake and the fixed and random nearshore areas at the mouths of both Red 

Rock and Grayling creeks). An interaction term was added to the model to determine if a 

significant interaction existed between month and location. Fisher’s Least Significant 

Difference (Fisher’s LSD) procedure that accounted for unequal sample sizes was used to 

determine which locations were different from one another.

A one-way analysis of variance was used to determine if a difference in gill net 

catch rates (square root transformation) of Yellowstone cutthroat trout x rainbow trout 

hybrids at the fixed location at the mouth of Red Rock Creek existed between July and 

August (during the juvenile Arctic grayling migration) and October (after the migration).

Total Mortality of Juvenile Arctic Grayling Caused by Predation 
in Unner Red Rock Lake

The total mortality of juvenile Arctic grayling caused by predation in Upper Red 

Rock Lake was calculated by adding together the total number of grayling consumed by 

each predator in the lake.
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Results

Temporal Availability of Juvenile Arctic Grayling to Predation 
at the Mouth of Red Rock Creek

Juvenile Arctic grayling were probably available to predators in the vicinity of the 

mouth of Red Rock Creek from late July through mid-September in 1995. Age-O Arctic 

grayling were caught in low numbers at the mouth of Red Rock Creek in 1995. They 

were caught during the day with the dip net and 4.4-m seine in late July (n = 5), and only 

during darkness with the 30-m seine in late August (n = 5) and in mid-September (n = I). 

Total lengths of age-0 Arctic grayling captured were 22 to 32 mm in late July, 69 to 86 

mm in late August, and 102 mm in mid-September. Other potential fish prey caught in 

late August and mid-September of 1995 at the mouth of Red Rock Creek with the 30-m 

seine included age-0 burbot (n = 10), mottled sculpin (n = 34), and suckers (n = 5); 

juvenile Yellowstone cutthroat trout x rainbow trout hybrids (n = 2); and adult longnose 

dace (n = 2) and mottled sculpin (n = 121).

Juvenile Arctic grayling migrated into the lake from early July to late August in 

1996, and juvenile Arctic grayling were present near the mouth of Red Rock Creek in 

relatively high abundances from late July until late August. The first age-0 Arctic 

grayling were caught at the creek mouth with a dip net on July 7,1996. They were 14 to 

16 mm TL indicating they had recently emerged (Chapter 2). The first age-0 Arctic 

grayling (30 mm TL) was caught with the 30-m seine at the mouth of Red Rock Creek on 

July 17,1996. Numbers caught with the 30-m seine at the mouth of Red Rock Creek 

increased until August 15 when 178 were captured. By August 28 it appeared that most
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age-0 grayling had dispersed because of the decrease in numbers caught then (n = 9) and 

on September 28 (n = 3) (Figure 3.3). Grayling were between 29 and 79 mm TL during 

the peak of their migration in 1996. Age-O Arctic grayling were the most abundant 

potential prey fish species caught at the mouth of Red Rock Creek in August (n = 285) 

(Figure 3.3).

Age-O burbot were the most abundant potential prey fish caught in July (n = 339) 

and age-0 suckers were most abundant in late September (n = 82) at the mouth of Red 

Rock Creek (Figure 3.3). Other potential fish prey caught at the mouth of Red Rock 

Creek in Upper Red Rock Lake in 1996 included age-0 mountain whitefish (n = 16) and 

mottled sculpin (n = 31); juvenile brook trout (n = 2), Yellowstone cutthroat trout x 

rainbow trout hybrids (n = 4), and longnose suckers (n = 2); and adult mottled sculpin (n 

= 74) and longnose dace (n = 37).

Abundance of Yellowstone Cutthroat Trout x Rainbow Trout Hybrids

There were 438 Yellowstone cutthroat trout x rainbow trout hybrids (greater than 

300 mm TL) marked at the weir upstream of the Elk Lake Road bridge in 1996. While 

gill netting, 380 cutthroat hybrids (greater than 300 mm TL) were captured, 82 of which 

were marked at the weir in 1996. Using the Peterson method, I estimated there were 

2,030 (SE = 179) Yellowstone cutthroat trout x rainbow trout hybrids in the spawning 

population (greater than 300 mm TL) in Upper Red Rock Lake in 1996. If gill nets 

caused total mortality of the cutthroat hybrids captured, the sampling took 19% of the 

spawning population. However, the gill net probably did not cause mortality to all 

cutthroat hybrids captured.
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Spatial and Temporal Variability in Predation Rates of Juvenile Arctic Grayling
in Upper Red Rock Lake

Predation Near the Mouth of Red Rock Creek During the Juvenile Arctic Gravlin p 
Migration

Potential predators captured near the mouth of Red Rock Creek during the 

juvenile grayling migration in 1995 and 1996 ate few fish. Diets of burbot less than 450 

mm TL (n = 37) were 0.1% fish by weight. Stomachs of burbot less than 450 mm TL 

contained invertebrates mostly from the order Cladocera and class Hirudinea (Table 3.1). 

Burbot greater than 450 mm TL (n = 2) and Yellowstone cutthroat trout x rainbow trout 

hybrids (n = 8) captured in 1995 did not consume fish. The stomachs of burbot greater 

than 450 mm TL contained mostly unidentifiable invertebrates and invertebrates from the 

orders Diptera and Ephemeroptera (Table 3.2). The cutthroat hybrid stomachs contained 

invertebrates primarily from the orders Hemiptera, Coleoptera, and Cladocera (Table 

3.3). Brook trout captured in 1996 (n = 3) also did not consume fish (Table 3.4). 

However, burbot greater than 450 mm TL (n = 2) and cutthroat hybrids (n -  203) 

captured in 1996 ate 0.2% and 4.5% fish by weight, respectively. The fish in the stomach 

contents included mottled sculpin, suckers, and mostly burbot, but not Arctic grayling 

(Table 3.2, 3.3). Identifiable invertebrates in the stomach contents included those from 

the orders Cladocera, Coleoptera, Hemiptera, Trichoptera, Amphipoda, and 

Ephemeroptera, and Class Hirudinea (Tables 3.2, 3.3).
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Predation by Predators Moving Between Red Rock Creek and Upper Red Rock Lake 
During the Juvenile Arctic Grayling Migration

The weir at the mouth of Red Rock Creek was operated 14 trap-nights and 9 trap- 

days between early July and early August. Only 20 potential predators, all of which were 

Yellowstone cutthroat trout x rainbow trout hybrids, were trapped. Their stomach 

contents did not include fish (Table 3.5).

Predation in Other Locations in Upper Red Rock Lake During the Juvenile Arctic 
Grayling Migration

Brook trout (n = 6), burbot greater than 450 mm TL (n = 9), and Yellowstone 

cutthroat trout x rainbow trout hybrids (n = 61) captured near the mouth of Grayling 

Creek and in the center of the lake during Jhe juvenile Arctic grayling migration in 1996 

ate few fish (0.2%, 1.3%, and 1.6% by weight, respectively). Fish in the stomach 

contents included burbot, but not Arctic grayling. Identifiable invertebrates in the 

stomach contents were primarily from the orders Amphipoda, Hemiptera, and 

Coleoptera, and class Gastropoda (Tables 3.2-3.4).

Predation Near the Mouth of Red Rock Creek After the Juvenile Arctic Grayling 
Migration

Burbot greater than 450 mm TL that were captured (n = I) consumed 495.5 times 

more fish (by weight) and cutthroat hybrids (n = 30) 3.5 times more fish (by weight) after 

than during the juvenile grayling migration (Figure 3.4). However, burbot.less than 450 

mm TL that were captured (n = 7) reduced their fish consumption from 0.1% to 0.0% and 

brook trout (n = I) stomach contents again did not contain fish. Fish prey in the stomach 

contents of the burbot and cutthroat hybrids were primarily burbot (53.1% and 76.7% by
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weight of the fish in the stomach contents in 1995, and 98.0% and 76.7% in 1996, 

respectively). Other fish prey in the stomach contents included suckers, but no Arctic 

grayling. Invertebrates in the stomach contents were from the orders Cladocera, 

Amphipoda, and Hemiptera, and class Gastropoda (Tables 3.1-3.4).

Predation in Other Locations in Upper Red Rock Lake After the Juvenile Arctic Grayling 
Migration

Burbot greater than 450 mm TL that were captured (n = 26) consumed 76.3 times 

more fish (by weight) and cutthroat hybrids (n = 24) 19.1 times more fish (by weight) 

after than during the juvenile grayling migration (Figure 3.4). However, brook trout that 

were captured (n = I) decreased their fish consumption from 0.2% to 0.0% fish by 

weight. Fish prey in the stomach contents of burbot and cutthroat hybrids were mostly 

burbot (96.3% and 99.3% by weight of the fish consumed, respectively), and did not 

include Arctic grayling. Invertebrates in the stomach contents were primarily from the 

orders Hemiptera, Amphipoda, and Cladocera (Tables 3.2-3.4).

Cnnsiimption of Juvenile Arctic Grayling by Predators

Stomach samples of potential predators captured did not contain Arctic grayling.

Influence of Trap Nets as Method of Capture on Stomach Contents

Trap nets influenced the type, but not the amount of fish consumed by burbot 

greater than 450 mm TL and Yellowstone cutthroat trout x rainbow trout hybrids (Tables 

3.2, 3.3, 3.6, 3.7). Stomach contents of burbot and cutthroat hybrids captured with trap 

nets contained significantly more suckers (Mann-Whitney Test; P = 0.000, 0.018) by
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weight than those captured with gill nets (Figure 3.5). Suckers were common in the trap 

net catch, outnumbering the combined catch of burbot and cutthroat hybrids by a mean of 

3.6 to I (SE = 0.6). There was no statistical difference between the weight of fish 

consumed by burbot or cutthroat hybrids captured in trap nets and gill nets (Two Sample 

T-Test, P = 0.620; Mann-Whitney Test, P = 0.656) (Figure 3.6).

Efficiency of Stomach Pump

The stomach pump was 73% to 80% efficient (mean by weight) at removing 

stomach contents of burbot (n = 91) and Yellowstone cutthroat trout x rainbow trout 

hybrids (n = 64). In addition, the amount of fish (proportion by weight) that the stomach 

pump removed was similar to that which it left in stomachs (Figure 3.7); therefore, the 

pump removed a representative sample of stomach contents. The difference between the 

proportion offish pumped and the proportion of fish remaining in the stomachs of burbot 

greater than 450 mm TL that contained fish (n = 64) was not statistically significant 

(Wilcoxon Signed Rank Test, P = 0.325). The pump removed all or a representative 

sample of stomach contents from 83.3% of cutthroat hybrids stomachs that contained fish 

(n = 12).

Spatial and Temporal Variability in Predator Densities in Upper Red Rock Lake 

Burbot and Brook Trout

Not many brook trout greater than 250 mm in total length (n = 9) or burbot greater 

than 450 mm in total length (n = 5) were captured, but they appeared to be more densely 

aggregated around the mouth of Grayling Creek than Red Rock Creek during the juvenile
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Arctic grayling migration (July and August) in 1996 (Figure 3.8). No brook trout or 

burbot were caught in the fixed location at the mouth of Red Rock Creek during the age-0 

Arctic grayling migration. Only two brook trout and two burbot were caught in the 

random nearshore areas near the mouth of Red Rock Creek during the migration. There 

was no statistically significant difference in catch of brook trout between locations during 

the migration (chi-square, df = 2, P  = 0.115). However, the catch of brook trout was 

highest near the mouth of Grayling Creek, making up 72.5% (3.13) of the chi-square 

statistic (4.32). There was a statistically significant difference in the catch of burbot 

between locations during the migration (chi-square, df=2, P  = 0.043). The catch of 

burbot was highest near the mouth of Grayling Creek as shown by the catch at the mouth 

of Grayling Creek making up 68.6% (4.31) of the chi-square test statistic (6.28).

Burbot were caught more often in autumn (after the migration in October) than 

summer (during the migration in July and August) (Figure 3.9). There was a statistically 

significant difference in gill net catch of burbot throughout the lake between summer and 

autumn in 1996 (chi-square, df = 2, P = 0.045). The autumn gill net catch was highest as 

shown by the catch in October making up 80% (3.22) of the chi-square statistic (4.02).

Yellowstone Cutthroat Trout x Rainbow Trout Hybrids

Yellowstone cutthroat trout x rainbow trout hybrids greater than 250 mm TL 

aggregated around both creek mouths during the age-0 grayling migration (Figure 3.8). 

Time of night of the net sets and catch of cutthroat hybrids was not significantly 

correlated at any location (center of the lake and the fixed and random nearshore areas at 

the mouths of both Red Rock and Grayling creeks) in any month (July or August) (P >
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0.1). Thus, weighting catch-per-hour by the number of hours netted or times of net sets 

was not necessary.

There were statistically significant differences between the catch of cutthroat 

hybrids between months (July and August) and among locations (center of the lake and 

the fixed and random nearshore areas at the mouths of both Red Rock and Grayling 

creeks) (F = 5.76, 2.88, df = 1,4, P = 0.021, 0.035). There was no interaction between . 

month and location (P = 0.958). Catch rates of cutthroat hybrids were higher in July than 

August, and in the fixed locations at the mouths of Red Rock and Grayling creeks than in 

the center of the lake (Fisher’s LSD test; P <0.05) (Table 3.8).

There was no statistical difference between catch rates of cutthroat hybrids in the 

fixed location at the mouth of Red Rock Creek during (July and August) and after 

(October) the age-0 grayling migration (F = 2.57, d f -  15, P = 0.103) (Figure 3.9). Time 

of set and catch of cutthroat hybrids was not significantly correlated at any location 

(center of the lake and the fixed and random nearshore areas at the mouths of both Red 

Rock and Grayling creeks) in October (P < 0.05); therefore, catch-per-hour was self

weighting.

Total Mortality of Juvenile Arctic Grayling Caused by Predation 
in Upper Red Rock Lake

I did not detect any mortality of age-0 Arctic grayling caused by predation in 

Upper Red Rock Lake between July and October in 1995 or 1996.
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Discussion

Temporal Availability of Juvenile Arctic Grayling to Predation 
at the Mouth of Red Rock Creek

Age-O Arctic grayling are available to predation at the mouth of Red Rock Creek 

within a few days of emergence and in greater numbers after 2 to 6 weeks of stream 

residency. Age-O Arctic grayling were first observed at the mouth of Red Rock Creek 

just after they were first observed in the creek and at lengths evidencing their recent 

emergence in both 1952 and 1996 (Nelson 1954). However, Nelson (1954) reported that 

most grayling migrated after 2 to 3 weeks of stream residency in 1963 whereas most 

migrated after 3 to 6 weeks of stream residency in 1996 (see Chapter 2). Age-O grayling 

migrated from small tributaries to Grebe Lake in 2 to 4 weeks (Kruse 1959). Movements 

to lakes in Alaska may be quite early in summer if the streams are small and used 

primarily for spawning, but detailed information on migrations of age-0 grayling prior to 

autumn in Alaska is lacking (Armstrong 1982).

The timing of the availability of age-0 Arctic grayling to predation at the mouth of 

Red Rock Creek varies with the timing of spawning. Age-O grayling were observed at 

the mouth of Red Rock Creek 3 weeks later in 1996 than in 1952, and spawning occurred 

about 3 weeks later in 1996 than in 1952.

Nelson (1954) observed age-0 Arctic grayling near the mouth of Red Rock Creek 

for a similar time period in 1952 as I did in 1996. Nelson (1954) reported that age-0 

Arctic grayling were around the mouth of Red Rock Creek for about a month, from mid- 

June until mid-July in 1952, whereas I observed them at the mouth for about 2 months,
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but in relatively high abundances for a month (from late July until late August). I 

captured age-0 Arctic grayling at the mouth of Red Rock Creek at dusk and during 

darkness. This is not unusual for larval fish and other aquatic organisms which 

frequently move downstream at night (Allan 1995). Age-O Arctic grayling moved 

primarily at dusk from spawning tributaries into Grebe Lake (Kruse 1959) and at night 

into Elk Lake (Lund 1974). Nelson (1954) did not describe the time of day he observed 

the grayling at the mouth; part of the discrepancy between the two studies may be 

because the grayling migrate during darkness and were not observed as easily during 

daylight by Nelson. Other salmonids including European grayling Thymallus thymallus 

move downstream primarily at night, particularly during the first 3 h of darkness 

(Bardonnet and Gaudin 1990; Bardonnet et al. 1993).

Predation Rates of Juvenile Arctic Grayling in Upper Red Rock Lake

Burbot

Burbot greater than 450 mm TL became more piscivorous with increasing length 

(Figure 3.10), and fish were their main prey, as in many other burbot populations 

(Clemens 1951; Chen 1969; Scott and Crossman 1973; Guthmf et al. 1990; Fratt 1991). 

Burbot less than 450 mm TL ate some fish in Upper Red Rock Lake as they have in other 

systems (Fratt 1991). However, invertebrates were most important food item for this size 

group as has been documented elsewhere (Clemens 1951; Chen 1969; Miller 1970b;

Scott and Crossman 1973; Guthruf et al. 1990).
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Salmonids were present in only 2 of 178 burbot stomachs examined. Salmonids 

are seldom eaten by burbot in large quantities (Miller 1970b; Hackney 1973; Chisholm et 

al. 1989; Guthruf 1990; Fratt 1991), with the exception of the burbot in Lake Superior, 

which ate 29.7% bloater Coregonis hoyi by volume (Bailey 1972). More frequently, the 

scenario described by Robins and DeubJer (1955) occurs. They noted almost a complete 

absence of trout in the diet of burbot from a stream “crowded” with brook trout and 

brown trout.

I found no Arctic grayling in the stomachs of Red Rocks burbot. Arctic grayling 

have been identified in the stomach contents of burbot in Alaska, but only in those 

captured by hoop nets (Chen 1969), suggesting they were likely consumed while 

imprisoned.

Burbot that were captured ate less fish in Upper Red Rock Lake during the 

juvenile Arctic grayling migration in summer than after the migration in autumn. The 

literature provides evidence of decreased feeding by burbot during periods of warm 

temperatures. Stomach analyses often show a greater number of empty stomachs 

(Clemens 1951; Miller 1970a; Hackney 1973; Muth and Smith 1975; Pulliainen and 

Korhonen 1990) and lower stomach volumes during summer months (Miller 1970a; 

Hackney 1973; Muth and Smith 1975; Pulliainen and Korhonen 1990; Fratt 1991). These 

lower stomach volumes are probably not due to increased digestion rates because 

Gomazkov (1959) determined the rate of digestion for burbot was much slower at 20°C 

than at IO0C or I0C. In addition, Miller (1970a) and Pulliainen and Korhonen (1990) 

observed low condition factors in burbot in the summer suggesting reduced feeding
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activity. Nikolsky (1963) stated that burbot cease feeding in summer near the southern 

edge of their range as a result of decreased activity. Pulliainen and Korhonen (1990) also 

suggested that summer fasting was due to a change in activity.

Burbot of Upper Red Rock Lake differ from other populations because they are 

primarily cannibalistic. Although cannibalism is common and widespread in fishes 

(FitzGerald and Whoriskey 1992) it is not common in burbot. There have been reports of 

incidental cannibalism by burbot (Gardner 1987; Chisholm et al. 1989; Guthruf et al. 

1990) and cannibalism has been documented in some burbot populations in rivers (Chen 

1969). However, cannibalism is evidently rare among lacustrine burbot (Clemens 1951; 

Hewson 1955; Lawler 1963; Miller 1970a). The level of cannibalism by burbot in Upper 

Red Rock Lake is unusually high compared to what has been reported in the literature for 

other burbot populations. Chen (1969) assigned points to burbot stomachs based on 

fullness of the stomach, then apportioned the points to the stomach contents by relative 

volume, and expressed the allotted points for each item as a percent of the total points. 

The highest percentage burbot represented in the burbot stomachs from the Yukon and 

Tanana Rivers was 40% in age-10 burbot, and the greatest frequency of occurrence of 

burbot was 15.4% in age-4 burbot (Chen 1969). The burbot greater than 450 mm TL in 

Upper Red Rock Lake ate up to 97.1% burbot and burbot occurred in 100% of the 

stomachs of burbot greater than 450 mm TL (n = 27) captured with gill nets in October 

1996.

There are three major factors affecting cannibalism: quantity and quality of food 

items, population density, and prey vulnerability (Dong and Polis 1992). A lack of 

quantity or quality of food can increase cannibalism, but this is probably not the case in
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Upper Red Rock Lake because of its high productivity. Cannibalism occurs more 

frequently with increasing population density (Elgar and Crespi 1992). Burbot are highly 

fecund and juveniles appear to be abundant at Red Rocks. Vulnerability to predation is 

related to the size ratio of predator to prey, niche overlap between predators and prey, and 

the energetic cost of obtaining available prey. Age-O and age-1 burbot are small 

compared to the adults that feed upon them, so juvenile burbot are vulnerable due to their 

size (Polis 1981). Fish in vulnerable stages (small fish/juveniles) are often segregated 

spatially from large fish (Schlosser 1987; Foster et al. 1988). Adult burbot usually 

inhabit deep areas of lakes and juvenile burbot shallow, littoral areas; however, all of 

Upper Red Rock Lake is shallow and littoral. Therefore, there is no spatial segregation 

of juveniles and adults making juvenile burbot vulnerable due to spatial overlap (Bailey 

and Houde 1989). Finally, burbot are poor swimmers compared to other fish prey 

available in Upper Red Rock Lake. Cod, a fish with a similar body shape to that of 

burbot that are in the same family as burbot, swim at burst speeds of only 70 to 180 cm/s 

whereas rainbow trout swim at burst speeds of 186 to 226 cm/s (Bond 1996). Thus, 

juvenile burbot are also vulnerable because they cannot escape as easily as other fish prey 

at Red Rocks. In many ways, juvenile burbot prove vulnerable in Upper Red Rock Lake. 

Consequently, the vulnerability of juvenile burbot may be the primary cause of 

cannibalism in Upper Red Rock Lake.

Yellowstone Cutthroat Trout x Rainbow Trout Hybrids

Cutthroat trout and rainbow trout have been known to consume substantial 

proportions offish (Idyll 1942; Johannes and Larkin 1961; Marrin and Erman 1982;
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Beauchamp et al. 1992). Although Yellowstone cutthroat trout x rainbow trout hybrids in 

Upper Red Rock Lake became more piscivorous with increasing length (Figure 3.11, 

3.12), their diet consisted primarily of invertebrates like many other cutthroat trout and 

rainbow trout populations (Scott and Crossman 1973; Conner et al. 1993; Hubert et al. 

1994).

Rainbow trout and cutthroat trout are known to consume salmonids in other 

systems (Idyll 1942; Larkin et al, 1957; Scott and Crossman 1973; Marrin and Erman 

1982; Beachamp et al. 1995). Cutthroat trout consumed 40% (by volume) age-0 and age- 

1 sockeye salmon in Lake Ozette, Washington (Beauchamp et al. 1995) and can feed 

almost exclusively on migrating salmon (Scott and Crossman 1973). Nonetheless, the 

stomach contents of Yellowstone cutthroat trout x rainbow trout hybrids in Upper Red 

Rock Lake did not contain salmonids.

Although a diet consisting largely of fish is often considered necessary for 

rainbow trout to attain a large size (Larkin et al. 1957; Scott and Crossman 1973), the 

Yellowstone cutthroat trout x rainbow trout hybrids of Upper Red Rock Lake ate few 

fish . Rainbow trout can grow to large sizes on invertebrates alone. Rainbow trout 

introduced into fishless lakes with vast numbers of large crustaceans such as Gammarus 

grew to 6.4 kg in as few as three years and other lakes are known to maintain fish 

weighing 1.8 kg to 2.3 kg on invertebrates alone (Scott and Crossman 1973). Although 

the large size of cutthroat hybrids at Red Rocks is likely related to the lack of 

exploitation, the diet and size of the cutthroat hybrids at Red Rocks supports the idea that 

trout do not need large quantities of fish in their diet to attain large sizes.



Brook Trout

no

Brook trout stomach contents at Red Rocks contained minimal quantities offish 

(up to 0.2% of their diet by weight) and no salmonids. They ate primarily invertebrates 

like many other brook trout populations (Ricker 1932; Power 1980; Magnan 1989; East 

and Magnan 1991). Brook trout in other populations have been reported to consume 

more fish than those of Upper Red Rock Lake. A survey of 13 lakes in Quebec indicated 

fish could represent up to 32.1% by weight of the diet of brook trout in early summer 

(East and Magnan 1991) and in Lake Superior, brook trout consumed 88% fish (mean by 

weight)(Conner et al. 1993). Brook trout have consumed salmonids incidentally in other 

systems (Ricker 1932; Verreault and Courtois 1989) and have consumed Arctic grayling 

in Red Rock Creek (Nelson 1954) and in the Big Hole River drainage (Streu 1990).

Influence of Trap Nets as Method of Capture on Stomach Contents

Burbot have been known to gorge themselves on fish imprisoned with them in 

trap nets (Clemens 1951; Hewson 1955; Miller 1970a; Hackney 1973; Muth and Smith 

1975). Burbot in Lake Erie captured in pound nets, a net enclosure, consumed more fish 

(98.5% by volume) than those captured with gill nets (85.3% by volume) (Clemens 

1951). However, in Upper Red Rock Lake burbot greater than 450 mm TL captured with 

trap nets did not consume more fish than those captured with gill nets.

Burbot captured with trap nets in Upper Red Rock Lake ate more suckers than 

those captured with gill nets (e.g., 32.4% vs. 0.0% near the mouth of Red Rock Creek in 

October 1996) indicating they consumed suckers imprisoned with them in the trap nets. 

Burbot could have regurgitated fish while trapped in gill nets, but there is no reason to
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believe they regurgitated suckers more frequently than other kinds of fish. Trap nets 

have influenced the type of fish that burbot consumed in other studies (Chen 1969; Muth 

and Smith 1975). The only cases of Arctic grayling and age-0 chinook salmon in the 

stomach contents of burbot were in those of burbot caught with a hoop net (Chen 1969). 

Thus, stomach analyses from burbot of a size that can consume other fish imprisoned 

with them in the trap nets (those greater than 450 mm TL) should be viewed with caution.

There is no evidence in the literature of trap nets influencing the stomach contents 

of cutthroat trout or rainbow trout. However, trap nets influenced the type of fish that 

Yellowstone cutthroat trout x rainbow trout hybrids consumed in Upper Red Rock Lake. 

Cutthroat hybrids captured with trap nets consumed more suckers than those captured 

with gill nets (e.g., 9.9% vs. 0.1% near the mouth of Red Rock Creek in October 1996) 

indicating they ate suckers that were impounded with them in the trap nets. Therefore, 

stomach analysis data from cutthroat hybrids captured with trap nets in Upper Red Rock 

Lake should be viewed with caution.

Efficiency of Stomach Pump

The efficiency of the stomach pump/tube combination I used was low (73% to 

80%) compared to that of previous users of the methods, The stomach pump was 

previously 98% and 100% efficient (mean by weight) at removing stomach contents from 

brook trout and slimy sculpins Cottus cognatus (Light et al. 1963). Tubes were Used 

successfully to remove stomach contents from 159 of 160 bass Micropterus spp. that 

contained 95% fish (Van Den Avyle and Roussel 1980). The efficiency of the stomach
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pump/tube combination I used was sufficient in my study, because the pump removed a 

representative sample of the stomach contents.

Reasons for the discrepancy in efficiencies include potentially inadequate water 

pressure from the stomach pump and the lateral orientation of fish in the stomachs.

Water pressure from the stomach pump may not have been consistent or adequate. In 

addition, the lateral orientation of fish in stomachs prevents them and other stomach 

contents behind the laterally oriented fish from entering the tube. Van Den Avyle and 

Roussel (1980) also noted this limitation of the tube evacuation method, although tubes 

successfully removed stomach contents from 99% of the fish sampled in that study. 

Stomachs of most large burbot contained several fish and the probability that at least one 

of those fish was laterally oriented is fairly high.

Spatial and Temporal Variability in Predator Densities in Upper Red Rock Lake

Predators have aggregated near sources of migrating prey fish in other systems 

(Beamesderfer and Rieman 1991). Ptychocheilus oregonensis congregrated at the base of 

McNary Dam in the John Day Reservoir on the Columbia River to feed oh migrating 

juvenile salmonids (Beamesderfer and Rieman 1991).

The only potential predators that aggregated at the mouth of Red Rock Creek 

during the age-0 Arctic grayling migration were Yellowstone cutthroat trout x rainbow 

trout hybrids and they also aggregated at the mouth of Grayling Creek. Although 

Yellowstone cutthroat trout x rainbow trout hybrids were consistently caught in the same 

area and at the same time as the age-0 Arctic grayling, not one instance of predation was 

documented. Thus, Yellowstone cutthroat trout x rainbow trout hybrids appear to
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aggregate at mouths of tributaries, but not because of the concentration of juvenile Arctic 

grayling.

Not many brook trout or burbot were captured in the lake during the age-0 

migration and they were more densely aggregated around the mouth of Grayling Creek. 

The catch of these species indicates they were present in low numbers around the mouth 

of Red Rock Creek both during and after the age-0 Arctic grayling migration. In 

addition, the catch rate of burbot was higher in autumn after the age-0 Arctic grayling 

migration than in summer during the migration. The change in catch rates suggests 

burbot activity is higher in autumn than summer. Seasonal changes in catch-per-unit- 

effort have been associated with seasonal changes in activity of burbot (Nikolsky 1963; 

Chen 1969; Hackney 1973; Pulliainen and Korhonen 1990; Bernard et al. 1993). Catch 

rates of burbot in other locations have been reported as greater in spring and autumn than 

summer (Chen 1969; Hackney 1973; Muth and Smith 1975; Bernard et al. 1993). The 

higher catch rates seem to be associated with cool weather and low water temperatures 

(Hackney 1973; Muth and Smith 1975). A hypothesis for the higher catch rates during 

spring and autumn is that changing photoperiod and water temperatures stimulate burbot 

to move, and this movement in turn increases catch rates of burbot in passive gear 

(Bernard et al. 1993),

Total Mortality of Juvenile Arctic Grayling Caused by Predation 
in Unner Red Rock Lake

My results suggest predation on Arctic grayling by other fish is not occurring or is 

taking place at very low levels in Upper Red Rock Lake. There have been no detailed
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studies on predation of Arctic grayling by fish (Northcote 1995), so there is no precedent 

for comparison. However, potential predators did not consume large quantities of fish 

during the juvenile grayling migration and rarely ate salmonids. Furthermore, potential 

predators consumed greater quantities of fish after than during the migration and they did 

not aggregate around the mouth of Red Rock Creek during the age-0 Arctic grayling 

migration. Predation on juvenile Arctic grayling in Upper Red Rock Lake is probably 

not causing the decline of Arctic grayling at Red Rocks.



Table 3.1. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of burbot <450 mm captured in Upper Red Rock Lake with 
trap nets at the mouth of Red Rock Creek in July and August (n = 37) and October (n = 7) in 1995.

Food item Mean % 
composition bv 

weight (SE)

Mean weight (g) 
(SE)

Mean % 
composition bv 

number (SE)

Mean number (SE) % Freauencv of 
occurrence

JULY AND AUGUST

Hirudinea 32.7 (6.7) 0.603 (0.224) 8.1 (3.0) 5.6 (1.6) 48.6

Cladocera 32.1 (5.5) 0.098 (0.035) 81.6 (4.2) 215.5 (53.8) 100.0

Unidentifiable invertebrates 27.4 (4.7) 0.040 (0.010) 4.0 (1.5) - 97.3

Other* 2.9 - 3.6 - -

Ephemeroptera 2.7 (2.3) 0.008 (0.007) 1.7 (1.5) 2.3 (1.9) 21.6

Amphipoda 2.1 (1.5) 0.003 (0.002) 1.0 (0.7) 0.8 (0.6) 21.6

Sucker 0.1 (0.1) 0.000 0.0 0.0 2.7

Unidentifiable fish 0.0 0.000 0.0 0.0 2.7

OCTOBER

Cladocera 26.1 (12.8) 0.049 (0.022) 61.4 (11.0) 50.9 (21.3) 100.0

Gastropoda 24.6 (15.9) 0.351 (0.227) 6.9 (4.5) 3.4 (2.4) 28.6

Unidentifiable invertebrates 23.7 (7.9) 0.119 (0.062) 2.2 (0.6) - 100.0

Hirudinea 8.8 (6.4) 0.088 (0.082) 0.3 (0.2) 0.4 (0.3) 28.6

Amphipoda 6.8 (5.3) 0.042 (0.032) 15.0 (5.7) 10.9 (6.4) 57.1

Otherb 4.1 - 4.3 - -

Coleoptera 3.3 (3.3) 0.020 (0.020) 0.1 (0.1) 0.1 (0.1) 14.3

Ephemeroptera 2.6 (1.7) 0.008 (0.005) 9.8 (4.3) 7.7 (5.3) 71.4

a Other includes Diptera, Coleoptera, Trichoptera, Copepoda, and Sphaeriidae. 
b Other includes Diptera, Trichoptera, Copepoda, Sphaeriidae, and plants.



Table 3.2. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of burbot >450 mm captured in Upper Red Rock Lake with trap 
nets at the mouth of Red Rock Creek in 1995, and gill nets at the mouth of Red Rock Creekr, and the center of the 
lake and mouth of Grayling Creekcg in 1996. Entries in decreasing order of percent composition by weight for 1996r.

Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of
weight (SE) number (SE) occurrence

Food item 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996% 1995 1996' 1996% 1995 1996' 1996%

JULY AND AUGUST

n 2 2 9

Unidentifiable
invertebrates

77.2
(22.1)

85.6
(9.7)

48.1
(12.1)

0.034
(0.006)

0.034
(0.002)

0.035
(0.016)

27.5
(22.5)

20.8
(4.2)

26.2
(6.6)

- - - 100.0 100.0 100.0

Ephemeroptera 7.1
(7.1)

12.4
(9.8)

6.5
(4.8)

0.004
(0.004)

0.005
(0.004)

0.005
(0.003)

5.0
(5.0)

29.2
(4.2)

10.4
(5.6)

1.0
(1.0)

1.5
(0.5)

2.0
(1.2)

50.0 100.0 44.4

Cladocera 2.4
(1.7)

1.1
(0.3)

1.1
(0.7)

0.001
(0.001)

0.000 0.001
(0.000)

52.5
(2.5)

29.2
(4.2)

13.7
(7.1)

6.0
(5.0)

1.5
(0-5)

1.2
(0.6)

100.0 100.0 44.4

Diptera 10.2
(10.2)

0.7
(0.7)

1.4
(1.4)

0.005
(0.005)

0.000 0.000 12.5
(12.5)

12.5
(12.5)

5.6
(5.6)

2.5
(2-5)

0.5
(0.5)

0.1
(0.1)

50.0 50.0 11.1

Sucker 0.0 0.2
(0.2)

0.0 0.000 0.000 0.000 0.0 8.3
(8.3)

1.4
(1.4)

0.0 0.5
(0.5)

0.1
(0.1)

0.0 50.0 11.1

Coleoptera 3.1
(3.1)

0.0 0.0 0.002
(0.002)

0.000 0.000 2.5
(2.5)

0.0 0.0 0.5
(0.5)

0.0 0.0 50.0 0.0 0.0

Unidentifiable
fish

0.0 0.0 1.0
(1.0)

0.000 0.000 0.002
(0.002)

0.0 0.0 2.8
(2.8)

- - 0.0 0.0 11.1

Trout 0.0 0.0 0.0 0.000 0.000 0.000 0.0 0.0 4.2
(2.9)

0.0 0.0 0.2
(0.1)

0.0 0.0 22.2

Amphipoda 0.0 0.0 31.8
(12.6)

0.000 0.000 0.167
(0.143)

0.0 0.0 32.4
(11.6)

0.0 0.0 17.3
(13.8)

0.0 0.0 55.6

Gastropoda 0.0 0.0 9.5
(9.5)

0.000 0.000 0.017
(0.017)

0.0 0.0 2.8
(2.8)

0.0 0.0 0.1
(0.1)

0.0 0.0 11.1



Table 3.2. Continued.
Mean % composition Mean weight (g) (SE) Mean %  composition by Mean number (SE) % Frequency of

bv weight (SE) number (SE) occurrence

Food item 1995 1996' 1996'* 1995 1996' 1996'« 1995 1996' 1996'« 1995 1996' 1996cg 1995 1996' 1996'*

Trichoptera 0.0 0.0 0.3
(0.3)

0.000

n 6 I 26

Burbot 33.5
(15.1)

97.1 95.5
(0.8)

15.622
(9.962)

Unidentifiable 2.5 2.1 3.3 2.157
fish (1.6) (0.5) (1.556)

Other* 0.3 0.8 0.7 -

Sucker 27.0
(17.6)

0.0 0.4
(0.4)

37.338
(26.649

)

Unidentifiable 23.4 0.0 0.1 0.563
invertebrates (12.6) (0.1) (0.414)

Cladocera 9.7
(9.7)

0.0 0.0 0.023
(0.015)

Trichoptera 3.6
(3.6)

0.0 0.0 0.001
(0.001)

JULY AND AUGUST (CONTINUED)

0.000 0.005
(0.005)

0.0 0.0 0.5
(0.5)

OCTOBER

34.365 66.071
(9.708)

18.5
(9.7)

9.1 38.5
(5.7)

0.727 1.677
(0.222)

- - -

- - 14.2 86.4 52.6

0.000 0.540
(0.540)

11.8
(6.8)

0.0 0.8
(0.5)

0.012 0.021
(0.009)

15.1
(6.5)

4.5 2.9
(0.9)

0.000 0.001
(0.001)

34.8
(17.4)

0.0 4.9
(1.6)

0.000 0.000 5.6
(5.6)

0.0 0.3
(0.3)

0.0 0.0 0.8 0.0 0.0 11.1 
(0.8)

2.2
(0.9)

2.0 5.2
(0.6)

83.3 100.0 100.0

- - - 66.7 100.0 100.0

- - - - - -

0.7
(0.3)

0.0 0.2
(0.1)

50.0 0.0 15.4

- - - 83.3 100.0 50.0

28.3
(21.7)

0.0 1.6
(0.8)

66.7 0.0 34.6

0.2 0.0 0.0 16.7 0.0 3.8
(0.2)

Other includes plants, Amphipoda, Gastropoda, Coleoptera, Ephemeroptera, Odonata, Diptera, Hemiptera, and Sphaeriidae.



Mean % composition Mean weight (g) (SE) Mean % composition Mean number (SE) % Frequency of
bv weight (SE) bv number (SE) occurrence

Food item 1995 1996' 1996cg 1995 1996' 1996C£ 1995 1996' 1996cg 1995 1996' 1996'« 1995 1996' 1996"

JULY AND AUGUST

Table 3.3. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and percent
frequency of occurrence of stomach contents of Yellowstone cutthroat trout x rainbow trout hybrids >250 mm
captured in Upper Red Rock Lake with trap nets at the mouth of Red Rock Creek in 1995, and gill nets at the mouth
of Red Rock Creekr, and the center of the lake and mouth of Grayling Creekcg in 1996. Entries are in decreasing order
of mean percent composition by weight for 1996r.

n 8 203 61

Amphipoda 4.7
(2-7)

39.1
(2 3 )

49.8
(4.0)

0.073
(0.047)

1.169
(0.130)

1.509
(0.242)

9.0
(6.3)

41.0
(2.2)

58.9
(4.2)

7.1
(3.4)

55.8
(5.8)

87.8
(13.5)

75.0 93.6 95.1

Unidentifiable
invertebrates

20.2
(11.9)

15.8
(1.5)

10.5
(1.8)

0.103
(0.053)

0.139
(0.014)

0.194
(0.033)

13.7
(12.3)

5.1
(0-7)

1.6
(0.3)

— — — 87.5 99.5 100.0

Hemiptera 26.0
(12.6)

11.4
(1-2)

14.6
(2.7)

0.430
(0.259)

0.224
(0.035)

0.281
(0.086)

29.3
(12.8)

18.6
(1.5)

19.2
(3.1)

43.3
(25.8)

25.4
(3.1)

24.9
(8.0)

62.5 84.7 83.6

Coleoptera 15.8
(8.0)

10.3
(1.3)

10.5
(2.1)

0.460
(0.315)

0.321
(0.072)

0.339
(0.070)

5.5
(3.0)

2.3
(0-4)

1.4
(0.3)

3.3
(1.6)

2.7
(0.3)

1.5
(0.3)

75.0 47.3 42.6

Trichoptera 2.9
(2.5)

7.4
(1-3)

2.7
(0.8)

0.104
(0.101)

0.336
(0.100)

0.099
(0.038)

2.0
(1.8)

8.5
(1-5)

4.3
(1.5)

1.4
(1.0)

61.7
(H .l)

10.2
(6.2)

37.5 36.9 47.5

Hirudinea 0.3
(0.3)

3.8
(1.0)

7.9
(3.4)

0.012
(0.012)

0.272
(0.121)

1.895
(0.835)

0.5
(0-5)

1.9
(0.6)

4.7
(2-2)

0.3
(0.3)

7.1
(0.9)

3.6
(1-6)

12.5 16.7 9.8

Burbot 0.0 3.3
(0.9)

1.6
(1.5)

0.000 0.131
(0.045)

0.381
(0.373)

0.0 0.8
(0.2)

1.4
(1.2)

0.0 1.5
(0.1)

0.0 0.0 14.3 4.9

Other* 0.1 2.8 1.0 - - - 0.4 3.5 1.4 - - - - - -

Ephemeroptera 0.8
(0.8)

2.4
(0.6)

0.3
(0.1)

0.005
(0.005)

0.056
(0.023)

0.004
(0.001)

2.2
(2-1)

5.1
(0.8)

1.4
(0-3)

0.8
(0.6)

15.8
(3.6)

1.2
(0.3)

25.0 55.7 47.5



Table 3.3. Continued.
Mean % composition Mean weight (g> (SE) Mean % composition Mean number (SE) % Frequency of

by weight (SE) by number (SE) occurrence

Food item 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996cg

JULY AND AUGUST (CONTINUED)

Cladocera 24.0
(11.3)

2.3
(0.6)

1.0
(0.6)

0.320
(0.204)

0.016
(0.006)

0.002
(0.001)

31.3
(13.8)

12.9
(1-6)

5.6
(1.9)

184.8
(167.6)

28.6
(7.7)

3.6
(1.4)

75.0 57.6 49.2

Sucker 0.0 0.9
(0.6)

0.0 0.000 0.195
(0.145)

0.000 0.0 0.1
(0.1)

0.0 0.0 1.3
(0.0

0.0 0.0 2.0 0.0

Mottled
Sculpin

0.0 0.2
(0.2)

0.0 0.000 0.015
(0.015)

0.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.5 0.0

Odonata 5.2
(4.9)

0.2
(0.1)

0.0 0.103
(0.099)

0.003
(0.003)

0.001
(0.001)

6.1
(6.0)

0.1
(0.1)

0.0 3.1
(3.0)

0.1
(0.1)

0.0 25.0 1.5 1.6

Unidentifiable
fish

0.0 0.1
(0.0)

0.1
(0.0)

0.000 0.009
(0.007)

0.001
(0.001)

0.0 0.1
(0.1)

0.1
(0.0)

- - - 0.0 4.9 4.9

SEPTEMBER AND OCTOBER

n 21 30 24

Amphipoda 12.1
(4.9)

46.2
(6.5)

25.2
(6.7)

0.462
(0.378)

2.313
(0.440)

0.375
(0.131)

6.5
(4.0)

50.9
(6.3)

24.2
(5.7)

18.9
(14.5)

126.0
(21.3)

23.5
(6-5)

61.9 90.0 70.8

Hemiptera 29.5
(7.9)

17.3
(4.1)

11.3
(3.6)

0.530
(0.195)

0.656
(0.140)

0.094
(0.023)

23.0
(7.7)

23.3
(5.1)

19.0
(4.9)

46.7
(17.3)

45.1
(10.0)

8.9
(2.6)

85.7 86.7 79.2

Unidentifiable
invertebrates

15.0
(5.3)

13.2
(4.6)

10.4
(2.9)

0.053
(0.010)

0.168
(0.035)

0.140
(0.037)

2.7
(1.6)

4.5
(2-0)

4.8
(1.2)

- - - 81.0 93.3 87.5

Burbot 3.4
(3.4)

12.2
(5.7)

30.4
(9-0)

0.074
(0.074)

1.212
(0.653)

4.403
(1.542)

0.1
(0-1)

5.3
(3-5)

4.6
(1.4)

0.0 0.2
(0.1)

0.5
(0.1)

4.8 20.0 41.7

Unidentifiable
fish

1.0
(1.0)

3.6
(2.5)

0.2
(0.2)

0.023
(0.023)

0.050
(0.043)

0.001
(0.001)

0.0 - - - - - 4.8 13.3 12.5



Table 3.3. Continued.
Mean % composition Mean weight (g) (SE) Mean % composition Mean number (SE) % Frequency of

by weight (SE) by number (SE) occurrence

Food item 1995 1996' 1996'% 1995 1996' 1996': 1995 1996' 1996': 1995 1996' 1996': 1995 1996' 1996':

SEPTEMBER AND OCTOBER (CONTINUED)

Cladocera 32.8
(8.4)

3.0
(2-2)

17.8
(6 8 )

0.490
(0.181)

0.067
(0.059)

0.287
(0.127)

65.5
(8.4)

13.0
(4.8)

42.8
(8.1)

537.7
(187.

0)

40.3
(31.4)

431.6
(190.8)

100.0 56.7 79.2

Gastropoda 0.1
(0.1)

2.1
(1.8)

0.0 0.002
(0.002)

0.261
(0.235)

0.000 0.0 1.2
(0.9)

0.0 0.0 5.1
(4.3)

0.0 4.8 20.0 0.0

Trichopotera 3.3
(3.3)

1.1
(0-9)

0.0 0.025
(0.025)

0.122
(0.114)

0.000 0.3
(0.3)

0.2
(0.1)

0.0 0.1
(0.1)

0.7
(0-5)

0.0 4.8 16.7 0.0

Otherb 0.0 1.0 0.5 - - - 0.0 1.3 2.6 - - - - - -

Coleoptera 2.6
(2.0)

0.2
(0.1)

4.2
(2.4)

0.017
(0.011)

0.017
(0.010)

0.392
(0.228)

1.7
(1.6)

0.2
(0.1)

2.0
(1.3)

0.6
(0-4)

0.3
(0.1)

0.4
(0.2)

28.6 30.0 20.8

Sucker 0.0 0.1
(0.1)

0.0 0.000 0.004
(0.003)

0.000 0.0 0.1
(0.1)

0.0 0.0 0.1
(0.0)

0.0 0.0 6.7 4.2

Brook trout 
egg

0.3
(0.3)

0.0 0.0 0.006
(0.006)

0.000 0.000 0.2
(0.2)

0.0 0.0 0.1
(0.1)

0.0 0.0 4.8 0.0 0.0

a Other includes Gastropoda, Plecoptera, Diptera, Acari, Neuroptera, Sphaeriidae, Copepoda, and plants. 
b Other includes Ephemeroptera, Hirudinea, Odonata, Diptera, plants, and small mammals.



Table 3.4. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of brook trout >250 mm captured in Upper Red Rock Lake
with trap nets at the mouth of Red Rock Creek in 1995, and gill nets at the mouth of Red Rock Creekr, and the
center of the lake and mouth of Grayling Creekcg in 1996. Entries are in decreasing order of mean percent
composition by weight for 1996cg.

Mean % composition 
by weight (SE)

Mean weight fg) fSE) Mean % composition 
bv number (SE)

Mean number (SE) % Freauencv of 
occurrence

Food item 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996'% 1995 1996' 1996'*

JULY AND AUGUST

n

Amphipoda

-  3

13.5
(3-9)

6

51.3
(16.2)

- 0.055
(0.040)

1.021
(0.814)

31.2
(7.0)

52.9
(16.1)

- 3.7
(2.2)

77.3
(54.9)

100.0 83.3

Hemiptera 0.4
(0.4)

28.1
(12.7)

- 0.002
(0.002)

0.144
(0.061)

3.5
(3.5)

30.3
(14.9)

- 0.7
(0.7)

12.7
(5.5)

33.3 83.3

Unidentifiable
invertebrates

44.5
(21.9)

16.4
(6.3)

- 0.088
(0.037)

0.046
(0.007)

15.9
(8.8)

3.5
(1.3)

- - — 100.0 100.0

Coleoptera 21.3
(21.3)

2.3
(2.2)

- 0.138
(0.138)

0.007
(0.004)

8.8
(88)

0.8
(0.6)

- 1.7
(1.7)

0.5
(0.2)

33.3 50.0

Other* 0.1 1.3 - - - 3.0 11.2 - - - -  - -

Trichoptera 17.2
(14.1)

0.3
(0.3)

- 0.033
(0.017)

0.003
(0.003)

14.6
(9.8)

0.1
(0.1)

- 1.0
(0.6)

0.2
(0.2)

66.7 16.7

Unidentifiable
fish

0.0 0.2
(0.2)

- 0.000 0.000 0.0 0.7
(0.7)

- — — 0.0 16.7

Ephemeroptera 3.0
(2.9)

0.1
(0.1)

- 0.006
(0.005)

0.002
(0.002)

23.0
(20.4)

0.4
(0.4)

- 2.7
(2.2)

0.5
(0.5)

66.7 16.7

Burbot 0.0 0.0 — 0.000 0.000 0.0 0.1 - 0.0 0.2 0.0 16.7
(0.1) (0.2)



Table 3.4. Continued.
Mean % composition Meanweight (gHSE) Mean % composition Mean number (SE) % Frequency of

bv weight (SE) by number (SE) occurrence

Food item 1995 1996' 1996c* 1995 1996' 1996cg 1995 1996' 1996cg 1995 1996' 1996% 1995 1996' 1996%

OCTOBER

n I I

Unidentifiable
invertebrates

96.7 91.8 0.044 - 0.045 16.7 14.3 - — — 100.0 100.0

Ephemeroptera 0.0 6.1 0.000 - 0.003 0.0 57.1 0.0 4.0 0.0 100.0

Cladocera 3.3 2.0 0.002 - 0.001 83.3 28.6 5.0 2.0 100.0 100.0

a Other includes Cladocera and Diptera.



Table 3.5. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and percent 
frequency of occurrence of stomach contents of Yellowstone cutthroat trout x rainbow trout hybrids >250 mm 
captured at the weir at the mouth of Red Rock Creek in 1996. Entries are in decreasing order by mean percent 
composition by weight.

Food item Mean % Mean weight (g) Mean % Mean number (SE) % Freauencv of
composition bv (SE) composition bv occurrence

weight (SE) number fSE)
Unidentifiable
invertebrates

34.8 (9.4) 0.066 (0.017) 15.2 (4.7) - 100.0

Amphipoda 18.5 (6.7) 0.058 (0.018) 15.1 (5.5) 4.1 (1.2) 71.4
Hirudinea 10.7 (6.1) 0.073 (0.047) 5.6 (3.8) 0.7 (0.5) 28.6
Hemiptera 10.2 (4.5) 0.048 (0.016) 11.6 (5.4) 4.3 (1.6) 50.0
Diptera 9.0 (4.9) 0.099 (0.073) 16.3 (8.1) 41.1 (27.7) 35.7
Trichoptera 6.2 (5.1) 0.037 (0.026) 8.1 (5.2) 3.1 (2.2) 21.4
Coleoptera 5.8 (2.9) 0.089 (0.056) 1.0 (0.4) 0.4 (0.2) 35.7
Other3 2.7 - 9.1 - -
Cladocera 2.1 (1.0) 0.006 (0.004) 18.0 (7.7) 9.7 (6.6) 50.0

a Other includes Ephemeroptera, Plecoptera, Gastropoda, and Acari.



Table 3.6. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and percent
frequency of occurrence of stomach contents of burbot >450 mm captured in Upper Red Rock Lake with trap nets at
mouth of Red Rock Creekr, and at the mouth of Grayling Creek and in the center of the Iakecg in October 1996.
Entries are in decreasing order of mean percent composition by weight for 1996r.

Mean % 
composition bv 

weight (SE)

Mean weight fg) (SE) Mean % composition bv 
number (SE)

Mean number (SE) % Freuuencv of 
occurrence

Food item 1996' 1996cg 1996' 1996cg 1996' 1996cg 1996' 1996cg 1996' 1996":

OCTOBER

n 20 17

Burbot 51.6
(10.4)

56.5
(8.5)

23.524
(5.700)

40.570
(10.030)

28.2
(5.7)

35.5
(7-0)

2.0
(0.4)

3.9
(0.6)

75.0 88.2

Sucker 32.4
(9.9)

30.1
(8-4)

38.855
(14.598)

39.343
(15.843)

25.4
(6.9)

12.2
(3.9)

1.1
(0-2)

1.4
(0.3)

75.0 88.2

Unidentifiable
invertebrates

7.8
(5.3)

0.9
(0.7)

0.016
(0.009)

0.044
(0.026)

5.1
(2.7)

0.8
(0.7)

- - 20.0 23.5

Unidentifiable
fish

3.3
(1.2)

6.5
(2.1)

0.938
(0.161)

3.246
(1.490)

0.0 0.0 - 90.0 94.1

Amphipoda 3.1
(3-1)

4.8
(4-4)

0.056
(0.045)

0.113
(0.075)

14.7
(5-5)

17.1
(6.0)

3.2
(1.3)

14.1
(6.6)

35.0 41.1

Other3 1.8 1.2 - - 26.6 34.4 - - - -

a Other includes Odonata, Ephemeroptera, Trichoptera, Gastropoda, Cladocera, Diptera, Coleoptera, Collembola, and Sphaeriidae.



Table 3.7. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of Yellowstone cutthroat trout x rainbow trout hybrids >250
mm captured in Upper Red Rock Lake with trap nets at mouth of Red Rock Creekr, and at the mouth of Grayling
Creek and in the center of the Iakecg in October 1996. Entries are in decreasing order of mean percent composition
by weight for 1996r.

Mean %  composition 
bv weight (SE)

Mean weight tg) (SE) Mean % composition 
bv number (SE)

Mean number (SE) % Freauencv of 
occurrence

Food item 1996' 1996% 1996' 1996% 1996' 1996% 1996' 1996% 1996' 1996%

OCTOBER

n 14 4

Unidentifiable
invertebrates

38.5
(11.2)

31.6
(21.4)

0.162
(0.100)

0.056
(0.010)

21.1
(7.7)

6.7
(6.1)

- - 92.9 100.0

Amphipoda 15.8
(8.4)

43.1
(24.9)

0.243
(0.145)

1.345
(1.163)

16.5
(8.6)

25.2
(21.3)

12.9
(8.1)

80.5
(69.0)

50.0 50.0

Burbot 11.0
(7.3)

0.1 (0.1) 3.719
(2.122)

0.000 6.4
(3.9)

6.3
(6.3)

0.4
(0.2)

0.3
(0.3)

21.4 25.0

Sucker 9.9
(6.8)

0.0 4.825
(3.281)

0.000 7.4
(3.9)

0.0 0.4
(0.1)

0.0 35.7 0.0

Hemiptera 8.9
(5.5)

9.4
(7-1)

0.104
(0.069)

0.115
(0.097)

14.4
(6.6)

3.2
(1.9)

6.2
(4.3)

7.3
(5.7)

42.9 50.0

Cladocera 7.0
(4-4)

15.1
(11.8)

0.004
(0.002)

0.034
(0.023)

28.5
(9.4)

57.1
(20.5)

9.4
(4,6)

85.0
(56.0)

57.1 100.0

Plant 6.8
(6.8)

0.0 0.011
(0.011)

0.000 2.4
(2.4)

0.0 0.1
(0.1)

0.0 7.1 0.0

Other3 1.5 0.7 - - 1.5 1.5 - - - -

Unidentifiable
fish

0.6
(0.4)

0.0 0.082
(0.060)

0.000 1.8
(1.8)

0.0 - - 28.6 0.0

a Other includes Odonata and Ephemeroptera.
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Table 3.8. Results from Fisher’s Least Significant Difference test of difference in catch 
of Yellowstone cutthroat trout x rainbow trout hybrids by location in Upper 
Red Rock Lake. Asterisks indicate significance at P  < 0.05.

Location comparison ,Simultaneous lower 
confidence limit

Difference 
between means

Simultaneus upper 
confidence limit

Center of lake RR- fixed : -1.2550 -0.7424*** -0.2298

KR-random -0.8579 -0.3505 0.1570

G r- fixed -1.5055 -0.8274*** -0.1493

Gr- random . -1.1476 -0.5115 0.1246

KR -  fixed G r- fixed -0.6806 -0.0850 0.5106

KR-random 0.001,5 0.3919*** 0.7823

RR -  random G r- random -0.7035 -0.1610 . 0.381,5

Gr -  fixed G r- random -0.3888 0.3159 1.0206
Gr = mouth o f Grayling Creek 
KR = mouth o f Red Rock Creek
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Figure 3.1. Study area within a 0.6-km radius of the mouth of Red Rock Creek in Upper 
Red Rock Lake used for trap netting in 1995 (top). Study areas in Upper Red 
Rock Lake including the regions within 0.6-km radii of the mouths of Red 
Rock and Grayling creeks that were less than 1.5 m deep and the region in the 
center of the lake that was greater than 0.6 km from shore used for gill netting 
in 1996 (bottom).
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Red Rock Creek

Upper Red Rock Lake

Figure 3.2. Weir at the mouth of Red Rock Creek used to investigate the rates 
of predation on juvenile Arctic grayling by predators that were 
moving between Red Rock Creek and Upper Red Rock Lake in 
1996.
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#  Age-O Arctic grayling 
■ Age-O burbot 

—A— Age-O suckers

150 -

100 -

SeptemberAugust

Figure 3.3. Age-O burbot, age-0 Arctic grayling, and age-0 suckers, the three main
potential prey fish captured with the 30-m seine at the mouth of Red Rock 
Creek in Upper Red Rock Lake from July to September 1996.
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During Migration
] After Migration

100 -

1995 1996 1995 1996
Cutthroat hybrids Burbot >450 mm

Figure 3.4. Fish consumption by Yellowstone cutthroat trout x rainbow trout hybrids
(cutthroat hybrids) and burbot greater than 450 mm TL near the mouth of Red 
Rock Creek (RR) and in the center of the lake and near the mouth of Grayling 
Creek (CG) during and after the juvenile Arctic grayling migration in 1995 
and 1996.
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hybrids

Figure 3.5. Mean percent composition by weight of suckers in the diet of burbot greater 
than 450 mm TL and Yellowstone cutthroat trout x rainbow trout hybrids 
greater than 250 mm TL (cutthroat hybrids) captured with gill nets and trap 
nets in the autumn of 1996.
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]  Gill Net 
I Trap Net

Figure 3.6. Mean weight of fish in the diets of burbot greater than 450 mm TL and 
Yellowstone cutthroat trout x rainbow trout hybrids (cutthroat hybrids) 
greater than 250 mm TL captured with gill nets and trap nets in the 
autumn of 1996.
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Difference Proportion Fish Pumped and Proportion Fish Left in Stomach

Figure 3.7. Histogram of the difference between the proportion of the fish 
pumped and the proportion of fish remaining in the stomachs of 
burbot greater than 450 mm TL after pumping.
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I
I
I
I

Red Rock Creek
Y / /A  Grayling Creek 
I I Center o f  Lake

Cutthroat Burbot Brook
hybrids trout

Figure 3.8. Transformed (square root) mean catch-per-hour of Yellowstone cutthroat 
trout x rainbow trout hybrids (cutthroat hybrids), burbot, and brook trout at 
the mouths of Red Rock and Grayling creeks and in the center of the lake 
during the juvenile Arctic grayling migration (July and August) in 1996.



135

1.5
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Cutthroat
hybrids

During migration
I I After migration

T
-  I I ,  0.0

Burbot Brook
trout

Figure 3.9. Transformed (square root) mean catch-per-hour of Yellowstone cutthroat 
trout x rainbow trout hybrids (cutthroat hybrids), burbot, and brook trout at 
the mouth of Red Rock Creek during (July and August) and after (October) 
the juvenile Arctic grayling migration in 1996.
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100 -

Total Length (mm)

Figure 3.10. Mean and associated standard error of the mean percent composition by 
weight of fish in the diet of burbot captured in the autumns of 1995 and 
1996 with trap nets and gill nets (sample sizes above each bar).
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Total Length (mm)

Figure 3.11. Mean and associated standard error of the mean percent composition by 
weight of fish in the diet of Yellowstone cutthroat trout x rainbow trout 
hybrids captured in July and August of 1995 and 1996 with trap nets and gill 
nets (sample sizes above each bar).
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Total Length (mm)

Figure 3.12. Mean and associated standard error of the mean percent composition by 
weight of fish in the diet of Yellowstone cutthroat trout x rainbow trout 
hybrids captured in the autumns of 1995 and 1996 with trap nets and gill 
nets (sample sizes above each bar).
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CHAPTER 4

AGE AND GROWTH OF BURBOT LO TA LO TA  
INHABITING UPPER RED ROCK LAKE

Introduction

Burbot are one of the potential predators of Arctic grayling in Upper Red Rock 

Lake. Because of a lack of interest in burbot by fishermen until recently, little has been 

learned about burbot (Chapter I). Investigations into the age structure and growth rates 

of burbot have been limited in Montana (Gardner 1987; Chisholm et al. 1989) and this 

data is necessary to determine the effects of predation by a population.

Research concerning the timing and interpretation of the formation of zones of 

otoliths has also been limited (Beckman and Wilson 1995). Otolith zone formation varies 

by species and geographic region and there is substantial variability in the timing of zone 

formation in otoliths at the individual, population, and species levels. There has been 

much confusion concerning the seasonality of zone deposition and Beckman and Wilson 

(1995) suggested future work should include a periodic interpretation of the optical 

nature of the otolith edge along with quantitative data concerning marginal increment 

analyses.

Because little has been learned about the age structure and growth rates of burbot 

in Montana, and these data are necessary to determine the effects of predation by a 

population, I collected this data on burbot in Upper Red Rock Lake.
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Study Site

Upper Red Rock Lake is located in Red Rock Lakes National Wildlife Refuge in 

the Centennial Valley of southwestern Montana. The refuge was established in 1935 for 

the protection and maintenance of trumpeter swans Cygnus buccinator and other 

waterfowl. The lake lies at an elevation of 2,015 m and is bordered by the Centennial 

Mountains which rise abruptly from its southern shore and form the Continental Divide 

and the Montana-Idaho boundary.

Many small creeks flow into Upper Red Rock Lake, but the main tributary to the 

lake is Red Rock Creek, a third-order headwater of the Missouri River. Red Rock Creek 

also forms the outlet of the lake and flows to Lower Red Rock Lake, downstream of 

which it is called the Red Rock River.

Upper Red Rock Lake has a surface area of about 9 km2 and a maximum depth of 

2 m. It is a cold monomictic lake, lacking stratification in summer because of its shallow 

depth and mixing by wind. Summer temperatures can reach 210C. Because of its 

shallow depth, macrophytes are extensively distributed throughout the lake basin. It is 

usually ice-covered from November through early May.

Native fish species that in Upper Red Rock Lake include burbot, Arctic grayling, 

mottled sculpin Cottus bairdi, white suckers Catostomus commersoni, longnose suckers 

Catostomus catostomus, mountain whitefish Prosopium williamsoni, and long-nosed dace 

Rhinichthys cataractae. Introduced species include Yellowstone cutthroat trout 

Oncorhynchus clarki bouvieri x rainbow trout 0. mykiss hybrids and brook trout
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Salvelinus fontinalis. The fish populations in Upper Red Rock Lake are unexploited 

because the lake has been closed to fishing since 1959 (Unthank 1989).

Methods

Otoliths were obtained from burbot caught with trap nets in 1995 and gill nets in 

1996 that were used to obtain stomach samples to determine predation rates on Arctic 

grayling (Chapter 3). Trap nets were also employed specifically to obtain otoliths from 

burbot in spring (late May and early June) and autumn (October) 1996. Paired nets were 

set throughout the lake in 12 randomly-selected locations each season. Nets were set 

overnight for a mean of 21.0 + 2.5 h. Otoliths were also obtained from burbot captured 

with a 30-m seine that was used to monitor age-0 Arctic grayling at the mouth of Red 

Rock Creek (Chapter 3). Additional otoliths were obtained from burbot captured with the 

30-m seine at the mouth of Grayling Creek in July, August, and September 1996.

Trotlines were used in 1996 to supplement the catch of burbot greater than 450 

mm in total length (TL) because they are an effective gear for catching large burbot 

(Hackney 1973; Bergersen et al. 1993). Each trotline contained 12 hooks (four of each 

type: mustad treble, mustad circle, and single) attached at 1.5-m intervals on 25-cm 

droppers. Hooks were baited With white sucker meat with the skin attached. Trotlines 

were set throughout the lake in 12 randomly-selected locations in the spring (late May 

and early June) and autumn (October) of 1996. They were set overnight for a mean of 

11.3 + 0.9 h.

All burbot captured weighing less than 2,000 g were weighed to the nearest 0.1 g
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on an Ohaus LS 2000 portable electronic balance or to the nearest gram with I kg x 10 g, 

500 g x 5 g and 100 g x I g Pesola precision spring scales. The spring scales were used 

when weather conditions did not permit the use of the electronic balance. Fish weighing 

greater than 2,000 g were weighed to the nearest 28.3 g on a HOMS 9.1 kg x 28.3 g top

loading spring scale. The total length of each fish captured was measured in millimeters.

Five burbot from each 10-mm size class were sacrificed to obtain otoliths for each 

of the following time periods: 1995, spring 1996, and autumn 1996. Sagittal otoliths 

were cleared with bleach and examined using a dissecting microscope. The opaque 

nucleus, the adjacent translucent zone, and the first opaque zone were considered to 

represent the first year of growth (Mackay et al. 1990). The translucent zone allows the 

passage of light, whereas the opaque zone does not; thus, regardless of the light source, 

the optical properties of the zone are defined. Whether the marginal zone of the otoliths 

was translucent or opaque was noted (Beckman and Wilson 1995). A subsample of the 

otoliths taken in 1995 and in the spring of 1996 and all otoliths taken in the autumn of 

1996 were aged by a second reader.

Measurements for back-calculations of length at age were made on each whole 

otolith taken in the autumn of 1996 along the proximal axis from the focus to each 

annulus and the edge. A regression of total length at capture on otolith radius (Y = 

199.05X -  29.81; R2 = 0.91) was used with a refined Whitney and Carlander (1956) 

‘body-proportional’ method (Francis 1990) to back-calculate total lengths at age. The 

Francis (1990) method uses:

Li= [ (c + dSj) / (c + dSc) ] Lc

where Li is total length, Si is radius measurement at time of formation of the zth annulus,
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Lc is total length at capture, Sc is total otolith radius, and c is the y-intercept and d  the 

slope derived from the regression equation.

The proportional stock density (PSD) was calculated for the burbot of Upper Red 

Rock Lake (Anderson and Neumann 1996). Burbot captured only with trap nets in 1996 

were used for the PSD calculation to avoid size bias associated with the other sampling 

methods.

Mean relative weights were determined for burbot greater than 200 mm TL that 

were caught with gill nets, trap nets, trotlines, and the 30-m seine in 1996. Mean relative 

weights were calculated by length class [stock- to quality-length (200 to 379 mm), 

quality- to preferred-length (380 to 529 mm), preferred- to memorable-length (530 to 679 

mm), memorable- to trophy-length (680 to 819 mm) and trophy length (>820 mm)] 

(Fisher etal. 1996). . '

Results

The oldest burbot (n = 5) captured in Upper Red Rock Lake were 10 years old. 

An age 10 burbot was also the longest burbot captured, at 906 mm TL. However, the 

heaviest burbot captured (5.5 kg) was 864 mm TL and age 8.

The precision of the ages assigned from otoliths (n = 409) to burbot from Upper 

Red Rock Lake was high. There was 94% and 98% agreement in the ages of the 

subsamples of burbot otoliths taken in 1995 and in the spring of 1996, and 98% 

agreement in the ages of the otoliths taken in the autumn 1996 aged by .a second reader.

Age-O burbot captured (n = 407) grew quickly in length from a mean of 43.9 mm 

TL in the first week of July to a mean of 235.8 mm TL during the third week of October
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1996 (Table 4.1). The longest age-0 burbot captured was 265 mm TL during the third 

week of October 1996. Back-calculated total lengths at age indicated growth of Red 

Rocks burbot was rapid until age 3 (Table 4.2).

Burbot in Upper Red Rock Lake exhibited Lee’s phenomenon (Mackay et al. 

1990). Back-calculated lengths of older fish at a certain age were less than the back- 

calculated lengths of younger fish at that age (Table 4.2).

Burbot grew more in summer than winter (Figure 4.1). Growth rates of the 

cohorts that became age 2, 3, and 4 in 1996 were a mean of 39.0 ± 1.1% greater from 

May to October than from October to May. The variability in the lengths-at-age of the 

older burbot, and small sample sizes, inhibited validating the continuation of this pattern 

in the remaining cohorts.

The m arginal zones of the otoliths from burbot collected during summer, when 

most growth occurred, were translucent (Figure 4.2). Most of the otoliths examined 

formed a translucent zone at the margin from May through September. By October, 

opaque zones were beginning to form at the margins of most otoliths.

The proportional stock density (PSD) of burbot caught with trap nets in Upper 

Red Rock Lake in 1996 was 66. Thus, over all seasons, 66% of the burbot captured that 

were longer than 200 mm TL were also longer than 380 mm TL. However, the PSD 

varied by season: In spring and autumn, the PSD was 76 and 67 respectively, but in 

summer the PSD was 21.

Burbot captured in Upper Red Rock Lake in 1996 were generally in good 

condition. Mean relative weights ranged from 88 to 126 over all length classes and 

seasons in 1996 (Table 4.3). Burbot 200 to 379 mm TL had the lowest mean relative
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weights, particularly in summer and autumn. Burbot greater than 379 mm TL generally 

had relative weights greater than 100.

Discussion

Burbot from Upper Red Rock Lake do not rank among the oldest or the largest 

burbot in North America or Montana, but they are some of the fastest growing (Figure 

4.3). Burbot up to age 24 have been reported in Alaskan rivers (Chen 1969) and Lake 

Opeongo, Ontario (Hackney 1973). In Montana, burbot have been reported as old as 11 

years in Libby Reservoir (Chishom et al. 1989), and 12 years in the Missouri River

(Gardner 1987). In North America, the longest burbot, reaching a length of 1,025 mm,
‘

was caught in Alaska (Bernard et al. 1991), and the heaviest burbot, weighing 8.4 kg, was 

captured in Great Slave Lake (Scott and Crossman 1973). In Montana, the longest 

burbot, caught in the Libby Reservoir, was 1,003 mm TL (Chisholm et al. 1989), and the 

heaviest burbot reported, weighing 5.6 kg was caught in the Missouri River (Gardner 

1987). Worldwide, burbot have been reported to grow 1200 mm in length and weigh up 

to 34 kg (Scott and Crossman 1973). It appears that burbot from the southern parts of 

their range are shorter-lived and faster growing. Thus, growth similar to that of the 

burbot in Upper Red Rock Lake is generally found in burbot close in proximity and 

latitude to Red Rocks (Figure 4.3).

Growth of burbot from Upper Red Rock Lake exceeds that of other burbot in 

North America in their first year. At the end of the first growing season burbot are 

usually 76 to 210 mm TL (Scott and Crossman 1973). However, age-0 burbot in Upper 

Red Rock Lake averaged 235.8 mm TL, and achieved lengths of 265 mm TL in the third
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week of October. The age-0 burbot closest in size to those of Upper Red Rock Lake were 

from Boysen Reservoir, Wyoming; these age-0 burbot were a mean of 102 mm TL in 

October (Chen 1969; Miller 1970b; Muth and Smith 1975). Age-O burbot in Upper Red 

Rock Lake surpassed the length of age-0 burbot in Boysen Reservoir by July. Red Rocks 

age-0 burbot were a mean of 88 mm TL the last week of July whereas those in Boysen 

Reservoir were 76 mm TL (Miller 1970b). Although few studies have been conducted on 

age-0 burbot, the mean length of age-0 burbot from Upper Red Rock Lake in the third 

week of October exceeds the lengths of most age-1, and some age-2 and age-3 burbot 

from other geographic locations (Clemens 1951; Chen 1969; Miller 1970a, 1970b; Muth 

and Smith 1975; Gardner 1987).

The burbot of Upper Red Rock Lake formed opaque zones during autumn and 

winter, opposite most temperate latitude fish species which form opaque zones in spring 

and summer (Beckman and Wilson 1995). However, other studies have documented 

burbot forming opaque zones in winter, and translucent zones in summer and autumn 

(Miller 1970a, 1970b; Bailey 1972; Muth and Smith. 1975). In addition, the timing of 

zone formation documented by Bailey (1972) and Muth and Smith (1975) was similar to 

that of Red Rocks burbot. They both documented that the marginal zone was usually 

translucent from June to November and opaque from December to May.

The opaque zone is generally formed in otoliths during rapid fish growth in fish 

inhabiting temperate and subpolar latitudes (Beckman and Wilson 1995). However, 

burbot of Upper Red Rock Lake portray contrasting evidence as their fast growth 

corresponds to the translucent zone. Additionally, the wider zone has been described as 

the fast-growth zone (Mackay et al. 1990). This does not necessarily help explain burbot
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growth. Burbot from Lake of the Woods, do have a wide translucent zone [which was 

assumed to represent fast growth] and a slightly narrower opaque zone (Muth and Smith 

1975). However, burbot from Upper Red Rock Lake have wider opaque zones during the 

first 2 to 3 years of life, and wider translucent zones thereafter, and burbot from Lake 

Superior and Ocean Lake, Wyoming have otoliths with translucent and opaque zones that 

are about equal in width (Miller 1970a; Bailey 1972). The literature and evidence from 

burbot of Upper Red Rock Lake support the hypothesis that the mechanisms regulating 

zone formation in otoliths may not be growth-related (Wilson 1995). Other mechanisms 

that could regulate zone formation include climate, food resources, spawning season, and 

hydrologic conditions (Beckman and Wilson 1995).

The cause for Lee’s phenomenon in burbot of Upper Red Rock Lake is most 

likely selective natural mortality. There are four possible causes of Lee’s phenomenon: 

incorrect procedure for back calculation, non-random sampling, selective fishing 

mortality, and selective natural mortality (Tesch 1968). I believe my back-calculation 

method was appropriate, and that I captured an unbiased representation of the population 

of burbot in Upper Red Rock Lake. There is no fishing mortality in Upper Red Rock 

Lake because fishing is prohibited there, so selective natural mortality must be occurring. 

This may be occurring because slower-growing fish escaped predation better than did 

faster-growing members of that age-class (Devries and Frie 1996). Lee’s phenomenon 

has been seen in other burbot populations (Muth and Smith 1975).

The proportional stock density (PSD) of the burbot in Upper Red Rock Lake (66) 

suggests the population is near balanced. That is, the population is intermediate between 

the extremes of a large number of small fish and a small number of large fish, which
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suggests the rates of recruitment, growth, and mortality are in equilibrium. There are no 

accepted PSD values representing a balanced burbot population. However, generally 

accepted values for balanced populations of other piscivores range from 30 to 60 for 

northern pike Esox lucius and walleye Stizostedion vitreum (Anderson and Weithman 

1978), and 40 to 70 for largemouth bass Micropterus salmoides (Gabelhouse 1984).

The seasonal variation in the PSD value emphasizes the need to use burbot catch 

data from more than one season to calculate a PSD. The low PSD in summer reflects the 

low number of large burbot captured in summer. This is indicative of seasonal 

catchability of large burbot, not the true PSD of the population. The spring and autumn 

proportional stock densities are probably more representative of the burbot population in 

Upper Red Rock Lake.

Burbot of Upper Red Rock Lake were generally in good condition. In concept, 

100 represents ecological and physiological optimal conditions for populations 

(Anderson and Neumann 1996). Thus, burbot greater than 379 mm TL in Upper Red 

Rock Lake were generally in good condition. The relatively low relative weights of 

burbot 200 to 379 mm TL in Upper Red Rock Lake in summer and autumn could indicate 

that competition within this length group is influencing growth.
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Table 4.1. Lengths of age-0 burbot captured with the 30-m seine and trap nets in July, 
August, and October 1996

Month Week n Mean total length (mm) (SE) Range (mm)

July I 54 43.9 (0.7) 22-54
2 77 . 55.9 (0.8) 37-65
3 18 68.9 (1.7) 52-79
4 ' 89 79.6 (0.7) 59-96
5 38 88.1 (1.2) 73-99

August I 6 99.8 (4.3) 88-113
2 29 117.1 (2.6) 72 -142

4 43 131.2 (1.3) 107-150

October I 35 161.7 (2.6) 128 - 204

3 4 235.8 (10.7) 217-265



Table 4.2. Back-calculated total lengths of burbot from Upper Red Rock Lake caught in the autumn of 1996.

Year

Class

n Length at 
capture (mm)

I
Back-calculated total length at annuli I  SD 

2 3 4 5 6 7 8 9 10

1996 45 371±40
294-493

268139
191-415

1995 27 496+37
421-564

277126
235-320

418142
333-496

1994 4 633+50
570-692

272135
233-318

440133
414-487

557152
510-632

1993 10 676138
618-744

283131
226-318

423143
377-524

534146
467-640

618144
558-718

1992 3 736155
692-798

259143
212-296

42514
420-428

547124
525-573

633146
584-676

697138
663-737

1991 15 752140
678-824

271122
245-315

416139
370-484

502146
436-570

585156
491-669

659157
546-750

718143
645-799

1990 7 771132
734-826

249120
221-279

368126
320-398

450125
399-473

537129
487-577

605130
566-664

668137
626-739

730136
693-801

1989 6 815144
752-864

230149
163-295

396151
322-466

472159
397-563

542157
462-628

606152
537-692

665151
602-746

722151
658-800

776154
696-843

1988 2 730188
668-792

229114
219-239

372137
346-398

463128
443-483

509124
492-526

550141
522-579

596151
561-632

637153
600-675

673+63
629-718

704179
648-760

1987 4 836162
760-906

252143
212-309

380146
317-419

470157
387-516

539155
458-577

588168
488-637

643173
538-707

694170
599-766

731+80
629-824

772187
659-871

798+89
679-894

Weighted mean
Range
n

267135
163-415
123

410143
317-524
78

501155
387-640
51

575159
458-718
47

630161
488-750
37

682157
538-799
34

710155
599-801
19

744170
629-843
12

749184
648-871
6

798189
679-894
4
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Table 4.3. Mean relative weights calculated for burbot greater than 0.9 kg and greater
than 200 mm TL, caught with gill nets, trap nets, trotlines, and the 30-m seine 
in Upper Red Rock Lake in 1996.

Length class Spring (n)
Mean relative weight 

Summer (n) Autumn (n)

Stock to quality 
(200 to 379 mm)

101 (105) . 88 (76) 89 (14)

Quality to preferred 
(380 to 529 mm)

99 (291) 109 (I) 113 (16)

Preferred to memorable 100 (18) 126 (3) 123 (17)
(530 to 679 mm)

Memorable to trophy 106 (35) 92 (6) 114 (34)
(680 to 819 mm)

Trophy 103 (6) - 109 (8)
(>820 mm)



159

E
E

I

Winter
Summer140 -

120 -

100 -

2 3 4

Age in 1996

Figure 4.1. Mean growth of burbot in winter (from October of 1995 to May of 1996), and 
summer (from May of 1996 to October of 1996) as determined by otoliths.
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Figure 4.2. Proportion of translucent and opaque zones at the margins of otoliths from 
burbot collected in Upper Red Rock Lake in 1995 and 1996.
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Age (years)

Figure 4.3. Mean back-calculated lengths at time of annulus formation of burbot from 
Upper Red Rock Lake, Lake Michigan (Bruesewitz 1990), Lake of the 
Woods, Ontario (Muth and Smith 1975), and the Yukon and Tanana Rivers, 
Alaska (Chen 1969). Mean lengths at time of capture of burbot from the 
Missouri River, Montana (Gardner 1987) and Ocean Lake, Wyoming (Miller 
1970a).
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CHAPTER 5

GENERAL DISCUSSION

Predation by other fish species during summer and autumn has contributed to the 

mortality of Arctic grayling at Red Rock Lakes National Wildlife Refuge, but results 

from this study indicate it has probably not caused their decline. Introduced brook trout 

and Yellowstone cutthroat trout x rainbow trout hybrids were the primary predators of 

Arctic grayling, and most predation was on their eggs. Predation on Arctic grayling eggs 

could be an important source of mortality for the reduced grayling population, especially 

since neither predator is native. Negligible predation by mottled sculpin occurred on age- 

0 Arctic grayling in Red Rock Creek. No predation on juvenile Arctic grayling took 

place in Upper Red Rock Lake.

Although results of this study indicate predation during summer and autumn is not 

causing the decline of Arctic grayling at Red Rocks, predation and competition during 

winter may have played a role in their decline. During low water years, .oxygen levels in 

Upper Red Rock Lake are reduced to lethal levels throughout most of the lake, with 

oxygen pockets located only near upwelling springs (Gangloff 1996), In these low water 

years, fish may be concentrated near upwelling springs in the lake to obtain adequate 

oxygen. Grayling may be preyed upon in the confined oxygenated upwellings or forced 

into unfavorable winter habitat by their competitors where they suffer high rates of . 

mortality. The number of older grayling precipitously declined from 1994, a low water
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year, to 1995 suggesting high mortality associated with the low water (Mogen 1996). A 

series of drought years occurred from 1988 to 1992.

Habitat degradation likely contributed to the occurrence of hypoxic conditions in 

Upper Red Rock Lake. Overgrazing of riparian areas caused bank erosion, which 

increased sedimentation of the lake and likely decreased its depth. Grazing also added 

nutrients to the lake, which enhanced macrophyte production. Large quantities of 

macrophytes decaying in winter in a shallow lake can cause hypoxic conditions.

Although anthropogenic disturbance may have accelerated the occurrence of hypoxic 

conditions in Upper Red Rock Lake, the lacustrine habitat at Red Rocks is probably 

naturally becoming unsuitable. Upper and Lower Red Rock Lakes are probably remnants 

of a much larger, deeper post-glacial lake. The lakes are naturally becoming more 

shallow with time.

Because of the shallow depth of Upper Red Rock Lake, low water years will 

probably continue to cause declines in the abundance of Arctic grayling at Red Rock 

Lakes National Wildlife Refuge. Decreasing sedimentation and nutrient input to the lake 

would help stabilize and may enhance winter conditions in the lake.

This study also contributed to the knowledge of age structure and growth rates of 

burbot in Montana. The burbot at Red Rocks proved to be some of the fastest growing m 

North America. The age and growth study also added to the understanding of otoliths 

and mechanisms regulating zone deposition. Results of this study provide additional 

evidence that otolith zone formation may be influenced by a combination of factors, 

which may vary among species and populations.
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TABLES RELATING TO BIOENERGETICS MODELING
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Table A.l. Ranges of lengths (mm) of Yellowstone cutthroat trout x rainbow trout hybrid 
cohorts in 1995 used to model predation on Arctic grayling eggs.

Yellowstone cutthroat trout x rainbow trout hybrid cohort
I 2 3 4 5 6

Mean length at 171.8 327.5 438.1 503.9 552.3' 593.7
. annulus (n)a (308) (272) (196) (100) (24) (I)
Rangeb <249.7 250.0 to 

382.8
383.0 to 

471.0
472.0 to 

528.1
529.0 to 

573.0
>573.0

Annual growth in 
length0

155.7 110.6 65.8 48.4 41.4 -

Growth to June 3 Od 40.2 28.5 . 17.0 12.5 10.7 -
Range used to <289.9 290.0 to 412.0 to 488.0 to 541.0 to >583.7
model egg 
predation in 1995°

411.3 487.9 540.6 . 583.7

a Mean length at annuli o f  Yellowstone cutthroat trout x  rainbow trout hybrids captured in Henry’s Lake, 
ID (Irving 1954)

b Value midway between length at age and its successor defines upper bound o f range o f  length at age;
value subsequent to the upper bound is lower bound o f successor’s range. 

cDifiference between length at annulus formation between cohort and its successor. 
d 25.8% o f degree-days o f growth occurred as o f June 30,1995. 
e Growth was added to upper range o f length at annulus calculated above.
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Table A.2. Ranges of lengths (mm) of brook trout cohorts used to model predation on 
Arctic grayling eggs.

■ I
Brook trout cohort

2 . 3 i

Mean length at annulus (n)a 72.4(127) 141.0
(62)

196.9
(24)

237.5 (5)

Rangeb <106.7 107.0 to 
169.0

170.0 to 
217.2

>217.2

Annual growth in length0 68.6 55.9 40.6 -

Growth in length to June 30, 1995d 17.7 14.5 10.5 -

Range used to model egg predation 
in 1995°

<125.0 125.0 to 
183.0

184.0 to 
227.0

>227.0

Growth in length to July 3, 1996f 19.6 16.0 11.6 -

Range used to model egg predation 
in 1996°

<127.0 127.0 to 
185.0

186.0 to 
228.0

>228.0

b Value midway between length at age and its successor defines upper bound o f range o f length at age;
value subsequent to die upper bound is lower bound o f successor’s range. 

c Difference between length at annulus formation between cohort and its successor. 
d 25.8% of degree-days o f growth occurred as o f June 30,1995.
6 Growth was added to upper range o f length at annulus calculated above. 
f 28.6% o f degree-days o f  growth occurred as o f July 3,1996.
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Table A.3. Ranges of lengths (mm) of mottled sculpin cohorts used to model predation on 
age-0 Arctic grayling.

Aee f cohort) Mean total leneth at aee (Vnm) (n)a Weighted mean 
total length (Vnm)

Raneeb

February March
2 69.2 (6) 67.6 (5) 68.4 64.4 to 79.3
3 80.5 (8) 81.2 (8) 80.9 80.5 to 98.0
4 102.2 (4) 98.7 (9) 99.4 84.0 to 118.5
5 94.0 (I) - - 93.0 to 110.0

a Mean lengths from Bailey (1952).
b Range of monthly mean total lengths at age taken from February through September for 
cohorts 1,2 and 3 and from February through November for cohorts 4 and 5.
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Table A.4. Calculations to obtain beginning and ending weights (g) of Yellowstone
cutthroat trout x rainbow trout hybrids used for modeling predation on Arctic
grayling eggs in 1995 (lengths in mm).

Yellowstone cutthroat trout x rainbow trout hybrid
cohort

3 ' ' 5
Mean length at annulus 438.1 552.3
Annual growth in length 65.8 41.4
Growth in length to May 20a 3.0 1.9
Mean length on May 20 441.1 554.2
Mean weight on May 20b 
(beginning weight used for modeling)

817.3 1658.4

Growth in length to June 30c . 13.9 8.8

Mean length on June 30 455.0 563.0

Mean weight on June 30b 
(ending weight Used for modeling)

899.8 1741.4

a 4.6% o f degree-days o f  growth occurred as o f May 20. 
b Calculated using weight-length relationship: W = (5.18E-06)L3:1 
c 21.2% o f degree-days o f  growth occurred from May 20 to June 30.



174

Table A. 5. Calculations to obtain beginning and ending weights (g) of brook
trout used for modeling predation on Arctic grayling eggs in 1995 and 1996
(lengths in mm).

I

Brook trout cohort 
2 3

Mean length at annulus 72.4 141.0 196.9
Annual growth in length 
1995

68.6 55.9 40.6

Growth in length to May 20a 3.2 2.6 1.9
Mean length on May 20 75.6 143.6 198.8
Mean weight on May 20b 
(beginning weight used for modeling)

3.2 25.2 71.3

Growth in length from May 20 to June 30° 14.5 11.9 8.6

Mean length on June 30 90.1 155.5 207.4

Mean weight on June 3 Ob 
(ending weight used for modeling)
1996

5.7 32.5 81.6

Growth in length to June 4d 7.6 6.2 -

Mean length on June 4 80.0 147.2 -

Mean weight on June 4b 
(beginning weight used for modeling)

3.9 27.2 —

Growth in length from June 4 to July 3e 12.0 9.8 7.1

Mean length on July 3 92.0 . 157.0 -

Mean weight on July 3b 
(ending weight used for modeling)

6.1 33.5 —

a 4.6% o f degree-days o f  growth occurred as o f  May 20,1995. 
b Calculated using weight-length relationship: W = (3.15E-0)L3'2 
c 21.2% o f degree-days o f  growth occurred from May 20,1995 to June 30,1995. 
d 11.1% o f degree-days o f  growth occurred as o f  June 4 , 1996. 
e 17.5% of degree-days o f growth occurred from June 4 ,1996 to July 3,1996.
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Table A.6. Calculations to obtain beginning and ending weights (g) of mottled sculpin
used for modeling predation on age-0 Arctic grayling in 1996 (lengths in
mm).

Mottled sculnin cohort 3
Mean length prior to growing season3 80.9
Rangeb 80.5 to 98.0
Annual growth in length0 18.5
Growth to June 24d 4.0
Mean length on June 24 84.9
Mean weight on June 24°
(beginning weight used for modeling)

7.4 •

Growth in length from June 24 to August 5f 6.7
Mean length on August 5 91.6
Mean weight on August 5e 
(ending weight used for modeling)

9.7

a Mean length prior to the growing season o f mottled sculpin captured in the Gallatin River, MT (Bailey 
1952)

b Range o f  monthly mean total lengths taken from age-3 mottled sculpin .captured from February through 
September (Bailey 1952)

c Difference between length at annulus formation between cohort and its successor. 
d 21.6% o f degree-days o f  growth occurred as o f June 24. 
e Calculated using weight-length relationship: W = (1.32E-06)L3:5 
f 36.0% o f degree-days o f  growth occurred from June 24 to August 5.
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Table A.7. Yellowstone cutthroat trout x rainbow trout hybrid diet items in percent
composition by weight used for bioenergetics modeling of predation on Arctic 
grayling eggs in Red Rock Creek in 1995.

Diet item Percent composition by weight (SE) Energy density (J/g)a
Cohort 3 ( 412 to 487.9 mm)

Arctic grayling egg 0.3 (0.3) 6,243a

Other fish eggb 8.8 (5:4) 6,243a •

Mountain whitefish 4.4 (3.7) 3,952"

Mottled sculpin 2.2 (1.9) 4,962"

Other fishb 2.8 (2.1) 5,363d

Oligochaeta 5.6 (4.3) 3,272"

Diptera 10.0 (4.6) 2,565"

Other invertebrates'3 65.9 (8.6)
Cohort 5 (541 to 583.7 mm)

. 4,381"

Arctic grayling egg 0.4 (0.4) 6,243"

Other fish eggb 11.6 (6.7) 6,243"

Fishb 2.6 (2.6) 5,363d

Ephemeroptera 5.3 (3.7) 4,628"

Hemiptera 4.5 (4.5) 4,130"

Diptera 2.1 (2.1) 2,565"

Other invertebrates'3 73.5 (7.8) 4,381"
a Cummins and Wuycheck 1971. 
b See Appendix B, Table B .l for classification.
0 Hanson et al. 1997.
d Combination o f J/g o f  salmonids and mottled sculpin. 
e Combination o f J/g o f Trichoptera and Ephemeroptera.
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Table A.8. Brook trout diet items in percent composition by weight used for
bioenergetics modeling of predation on Arctic grayling eggs in Red Rock 
Creek in 1995and 1996.

Diet item Percent composition by weight (SE) . Energy density (J/g)a
1995 - Cohort I (<125 mm) -  Known Spawning Area

Arctic grayling egg 0.5 (0.5) 6,243"
Cutthroat hybrid egg 9.2 (9.2) 6,243"
Other invertebrates15 37.0 (13.3) 4,381°
Diptera 26.5 (14.9) 2,565"
Oligochaeta 15.5 (15.5) 3,272"
Trichoptera . 11.3 (5.9) 4,134"

1995 -  Cohort 3 1184 to 227 mml -  Known snawnins area
Arctic grayling egg 0.1 (0.1) 6,243"
Cutthroat hybrid egg 1.1 (1.1) 6,243"
Oligochaeta 60.3 (19.1) 3,272"
Other invertebrates15 38.2 (19.5) 4,381°

Diptera 0.3 (0.2) 2,565"
1995 -  Cohort 2 1125 to 183 mm) - 8-km reach, sections A. B. & C

Arctic grayling egg 0.3 (0.2) 6,243"

Cutthroat hybrid egg 0.7 (0.6) 6,243"

Oligochaeta 77.1 (15.5) 3,272"

Other invertebrates15 14.5 (10.0) . . 4,381°

Diptera 7.4 (5.7) ■ 2,565"

1996 -  Cohort 11<127 mm) -  Known spawning area

Arcticgraylingegg 1.5 (1.0) 6,243"

Cutthroat hybrid egg . 0.3 (0.3) 6,243"

Trichoptera 33.0 (12.7)' 4,134"

Other invertebrates15 26.3 (10.3) 4,381°

Diptera 14.6 (11.8) 2,565"

Oligochaeta 13.6 (13.6) 3,272"

Ephemeroptera 10.7 (4.2) 4,628"
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Table A.8. Continued.

Diet item Percent composition by weight (SE) Energy density (J/g)a
1996 -  Cohort 2 f 127 to 185 mm) -  Known spawning area

Arctic grayling egg 4.4 (4.4) , 6,243a
Cutthroat hybrid egg 0.1 (0.1) 6,243a
Trichoptera ' 37.2 (14.8) 4,134"
Oligochaeta 31.1 (15.5) 3^72"
Other invertebrates^ 23.3 (11.3) 4,381°
Diptera 3.9 (3.9) 2,56̂ 5"

a Cummins and Wuycheck 1971. 
b See Appendix B, Table B.2 for classification. 
c Combination o f J/g o f Trichoptera and Ephemeroptera.
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Table A.9. Mottled sculpin diet items in percent composition by weight used for
bioenergetics modeling of predation on age-0 Arctic grayling in Red Rock 
Creek in 1996.

Diet item Percent composition by weight (SE) Energy density (J/g)
Age-O Arctic grayling 0.9. (0.9) .2,512"
Other Uivcrtebratesb 51.1 (5.9) 4,628° ■
Ephemeroptera 41.3 (5.4) 4,628d
Trichoptera 4.3 (2.0) 4,134d

,,Diptera 2.4 (0.8) 2,565d
a Hanson et al. 1997.
b See Appendix B, Table B.3 for classification o f other invertebrates. 
c Primarily Ephemeroptera parts; therefore, same J/g as Ephemeroptera. 
d Cummins and Wuycheck 1971.
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Table A. 10. Mean daily water temperatures obtained in Red Rock Creek near the known 
Arctic grayling spawning area used in bioenergetics modeling of predation 
on Arctic grayling eggs in 1995.

Date Mean water temperature
(°C)

Date (continued) Mean water temperature 
(°C)

May 20 8.3 June 10 7.1.

21 7.0 11 8.9

22 4.8 12 10.0

23 6.6 13 8.9

24 7.4 14 9.1

25 7.0. 15 8.5

26 5.9 16 7.8

27 6.3 17 7.3

28 8.0 18 6.6

29 8.6 19 6.3

30 8.5 20 ■7.0

31 8.5 21 7.6

June I 7.6 22 6.6

2 7.1 23 7.6

3 6.8 24 9.0

4 7.6 25 , 9.8

5 7.5 26 9.9

6 4.3 27 8.8

7 4.8 28 7.5

8 4.4 29 8.1

9 4.4 30 8.7
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Table ATI. Mean daily water temperatures obtained in Red Rock Creek near the known 
Arctic grayling spawning area used for bioenergetics modeling of predation 
on Arctic grayling eggs in 1996.

Date Mean water temperature
(°C)

Date (continued) Mean water temperature 
. (°Q

June 4 6.9 June 19 6.3

5 6.6 20 6.9

6 6.6 21 7.9

I 7.4 22 7.3

8 7.7 ' 23 7-6

9 8.4 24 9.7

10 8.3 25 10.1

11 8.1 26 9.7

12 • ' 7.4 27 9.6

13 8.4 28 7.6

14 7.9 29 8.9

. 15 7.9 30 9.9

16 8.9 July I 8.6

17 8.9 2 11.7

18 7.1 3 11.0
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Table A. 12. Mean daily water temperatures obtained in Red Rock Creek near the known 
Arctic grayling spawning area used for bioenergetics modeling of predation
on age-0 Arctic grayling in 1996.

Date Mean water temperature
(°C)

Date (continued) Mean water temperature
(°C)

June 24 9.7 July 16 . 11.1
25 10.1 17 12.0
26 9.7 ' 18 13.1
27 9.6 19 12.0
28 7.6 20 10.7
29 8̂ 9 21 11.2
30 9.9 22 12.3

July I 8.6 23 12.7

2 11,7 . 24 11.1
3 11.0 25 15.7
4 12.4 ' 26 15.8
5 12.9 27 15.9
6 11.3 28 15.0
7 11.3 29 13.4

8 11.8 30 14.5

9 12.6 31 16.0

10 12.1 August I 15.5

11 12.1 2 15.1

12 12.1 3 12.3

13 12.5 4 10.3

. . 14 12.3 . 5 10.5

15 11.8



APPENDIX B

TABLES RELATING APPENDIX A



Table B.l. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and percent 
frequency of occurrence of stomach contents of adult Yellowstone cutthroat trout x rainbow trout hybrids caught in 
Red Rock Creek in May and June of 1995. Entries are in decreasing order of mean percent composition by weight.

Food item Mean % composition 
bv weight (SE)

Mean weight fg) (SE) Mean % 
composition bv 

number (SE)

Mean number (SE) % Freauencv of 
occurrence

Unidentifiable fish 15.2 (15.1)

Cohort 2- 290 to 411.3 mm (n = 4) 

Fish

0.037 (0.029) 50.0

Mottled sculpin 8.7 (6.7) 0.429 (0.424) 4.1 (3.4) 0.5 (0.3) 50.0

Cutthroat hybrid egg 3.6 (2.8) 0.210(0.167) 19.0 (12.2) 7.3 (6.0) 50.0

Arctic grayling egg 0.0 0.001 (0.001) 1.5 (1.5) 0.8 (0.8) 25.0

Oligochaeta 34.7 (21.9)

Other

1.835 (1.112) 18.6 (11.9) 5.0 (3.0) 50.0

Unidentifiable 31.4 (23.2) 0.090 (0.058) 30.6 (23.3) — 100.0
invertebrates

Trichoptera 2.7 (2.7) 0.163 (0.163) 2.0 (2.0) 1.0 (1.0) 25.0

Lepidoptera 1.8 (1.8) 0.004 (0.004) 3.6 (3.6) 0.3 (0.3) 25.0

Ephemeroptera 1.5 (1.5) 0.004 (0.003) 13.3 (9.9) 1.5 (0.6) 75.0

Other Dipteraa 0.2 (0.2) 0.009 (0.009) 3.1 (3.1) 0.5 (0.5) 25.0

Chironomidae 0.1 (0.1) 0.000 3.6 (3.6) 0.3 (0.3) 25.0

Tipulidae 0.0 0.001 (0.001) 0.5 (0.5) 0.3 (0.3) 25.0

Mottled sculpin egg 4.8 (4.8)

Cohort 3 -  412 to 487.9 mm (n = 21) 

Fish

0.001 (0.001) 4.8 (4.8) 0.5 (0.5) 4.8



Table B.l. Continued.
Food item Mean % comnosition Mean weight (g) (SE) Mean %  comnosition Mean number (SE) % Freauencv

bv weight (SE) bv number (SE) of occurrence

Cohort 3 -  412 to 487.9 mm -  fish (continued)

Mountain whitefish 3.9 (3.3) 0.107 (0.091) 0.6 (0.5) 0.1 (0.1) 4.8

Cutthroat hybrid egg 2.8 (1.9) 0.129 (0.102) 7.3 (5.1) 3.0 (2.5) 9.5

Unidentifiable fish 2.4 (2.1) 0.017(0.012) 0.0 - 9.5

Mottled sculpin 2.1 (1.8) 0.020 (0.014) 1.6 (1.6) 0.1 (0.1) 9.5

Sucker 0.3 (0.3) 0.000 4.0 (2.8) 0.1 (0.1) 9.5

Arctic grayling egg 0.2 (0.2) 0.012 (0.012) 1.4 (1.4) 1.2 (1.2) 4.8

Other

Unidentifiable
invertebrates

53.2 (8.6) 0.053 (0.028) 39.8 (5.9) - 90.5

Plant 6.1 (4.5) 0.112(0.111) 2.4 (2.4) 0.1 (0.1) 9.5

Oligochaeta 5.4 (4.3) 0.025 (0.018) 4.2 (3.3) 0.2 (0.1) 14.3

Tipulidae 4.5 (4.2) 0.003 (0.002) 2.5 (1.8) 0.1 (0.1) 9.5

Trichoptera 4.1 (3.4) 0.002 (0.001) 6.8 (3.4) 0.3 (0.1) 23.8

Chironomidae 4.1 (2.4) 0.001 (0.001) 11.0 (4.4) 0.6 (0.3) 28.6

Ephemeroptera 2.3 (2.0) 0.001 (0.000) 3.5 (2.4) 0.2 (0.1) 14.3

Coleoptera 2.0 (2.0) 0.002 (0.002) 0.5 (0.5) 0.0 4.8

Simuliidae 1.4 (1.2) 0.000 4.8 (3.3) 0.1 (0.1) 9.5

Homoptera 0.2 (0.2) 0.000 0.0 0.0 4.8

Other Dipterab 0.0 0.000 1.0 (1.0) 0.0 4.8



Table B.l. Continued.
Food item Mean % composition Mean weight fg) (SE) Mean % composition Mean number fSE) % Freauencv

bv weight (SE) bv number fSE) o f occurrence

Cohort 4 -  488 to 540.6 mm fn = 19)

Fish

Cutthroat hybrid egg 9.6 (5.8) 0.189 (0.179) 11.9 (6.5) 5.2 (4.4) 21.1

Sucker 5.2 (5.2) 0.873 (0.873) 1.8 (1.8) 0.1 (0.1) 5.3

Cutthroat hybrid 5.2 (5.2) 0.295 (0.295) 2.6 (2.6) 0.1 (0.1) 5.3

Mottled sculpin 2.6 (2.6) 0.004 (0.004) 1.3 (1.3) 0.1 (0.1) 5.3

Unidentifiable fish 2.0 (2.0) 0.003 (0.003) - - 5.3

Other

Unidentifiable
invertebrates

38.4 (9.5) 0.078 (0.034) 33.2 (7.0) - 94.7

Oligochaeta 18.0 (8.3) 1.887(1.404) 16.9 (7.9) 7.6 (5.5) 21.1

Plant 15.1 (8.1) 0.012(0.007) 10.8 (6.1) 0.2 (0.1) 21.1

Cladocera 1.3 (1.3) 0.000 3.1 (2.6) 0.1 (0.1) 10.5

Ephemeroptera 0.6 (0.3) 0.001 (0.000) 4.1 (2.0) 0.2 (0.1) 21.1

Chironomidae 0.5 (0.4) 0.001 (0.000) 5.3 (3.1) 0.3 (0.1) 21.1

Other Dipterac 0.4 (0.4) 0.003 (0.002) 3.0 (2.6) 0.2 (0.1) 15.8

Trichoptera 0.3 (0.2) 0.000 3.1 (2.6) 0.1 (0.1) 10.5

Coleoptera 0.2 (0.2) 0.000 0.4 (0.4) 0.1 (0.1) 5.3

Tipulidae 0.2 (0.1) 0.004 (0.004) 1.6 (1.3) 0.1 (0.1) 10.5

Lepidoptera 0.1 (0.1) 0.005 (0.005) 0.3 (0.3) 0.1 (0.1) 5.3

Simuliidae 0.1 (0.1) 0.000 0.5 (0.5) 0.1 (0.1) 10.5



Table B.l. Continued.
Food item Mean % composition Mean weight (g) (SE) Mean % composition Mean number (SE) % Freuuencv

bv weight (SE) bv number (SE) of occurrence

Cohort 4 -  488 to 540.6 mm -  other (Continued)

Plecoptera 0.1 (0.1) 0.004 (0.004) 0.3 (0.3) 0.1 (0.1) 5.3

Cohort 5 -  541 to 583.7 mm (n = 12)

Fish

Cutthroat hybrid egg 7.0 (5.4) 0.013 (0.012) 7.3 (5.0) 0.3 (0.3) 16.7

Sucker egg 4.6 (4.6) 0.001 (0.001) 4.2 (4.2) 0.1 (0.1) 8.3

Unidentifiable fish 1.2 (1.2) 0.002 (0.002) 1.2 (1.2) - 8.3

Arctic grayling egg 0.4 (0.4) 0.001 (0.001) 4.2 (4.2) 0.3 (0.3) 8.3

Sucker 0.0 0.000 4.2 (4.2) 0.1 (0.1) 8.3

Other

Unidentifiable
invertebrates

57.8 (9.4) 0.027 (0.007) 47.4 (8.4) - 100.0

Plant 13.2 (8.1) 0.009 (0.006) 6.7 (4.3) 0.3 (0.1) 25.0

Ephemeroptera 4.9 (3.7) 0.001 (0.001) 9.8 (5.4) 0.4 (0.3) 25.0

Hemiptera 4.5 (4.5) 0.002 (0.002) 4.2 (4.2) 0.2 (0.2) 8.3

Trichoptera 4.1 (2.8) 0.005 (0.004) 4.0 (2.9) 0.3 (0.2) 16.7

Chironomidae 2.1 (2.1) 0.000 4.2 (4.2) 0.1 (0.1) 8.3

Cladocera 0.2 (0.2) 0.000 2.8 (2.8) 0.2 (0.2) 8.3



Table B.l. Continued.
Food item Mean % composition Mean weight fg) (SE) Mean % composition Mean number (SE) % Freauencv

bv weight (SE) bv number (SE) of occurrence

Cohort 6 - >583.7 mm (n = 3)

Fish

Cutthroat hybrid egg 33.3 (33.3) 0.009 (0.009) 33.3 (33.3) 0.3 (0.3) 33.3

Sucker 0.0 0.000 8.3 (8.3) 0.3 (0.3) 33.3

Other

Unidentifiable
invertebrates

20.7 (11.8) 0.055 (0.052) 19.4 (10.0) - 66.7

Plant 34.4 (17.3) 0.076 (0.068) 19.4 (10.0) 0.7 (0.3) 66.7

Trichoptera 11.6 (9.5) 0.009 (0.005) 19.4 (10.0) 0.7 (0.3) 66.7

a Other Diptera include unclassified larvae from the order Diptera. 
b Other Diptera include unclassified adults from the order Diptera.
c Other Diptera include unclassified larvae from the order Diptera and larvae from the family Tabanidae.



Table B.2. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and
percent frequency of occurrence of stomach contents of brook trout caught in sections A, B & Cabc in 1995 and near
the known Arctic grayling spawning areasp in Red Rock Creek in 1995 and 1996 in decreasing order of mean percent
composition by weight for 1996.

Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of
weight (SE) number (SE) occurrence

Fooditem 1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995"* 1995,p 1996 1995"* 1995,p 1996 1995"* 1995,p 1996

JUNE

Brook trout — cohort I — (<125 mm in 1995: <127 mm in 1996)

n 2 5 7

Fish

Arctic 
grayling egg

0.0 0.5
(0-5)

1.2
(0.8)

0 . 0 0 0 0.001
(0.001)

0 . 0 0 0 0.0 1.2
(1.2)

6.5
(4.8)

0.0 0.2
(0-2)

0.3
(0-2)

0.0 20.0 28.6

Cutthroat 
hybrid egg

0.0 9.2
(9.2)

0.3
(0.3)

0 . 0 0 0 0.003
(0.003)

0 . 0 0 0 0.0 8.0
(8.0)

2.4
(2.4)

0.0 0.4
(0.4)

0.1
(0.1)

0.0 20.0 14.3

Other

Trichoptera 17.5
(17.5)

16.5
(9.3)

42.1
(13.4)

0.004
(0.004)

0.014
(0.007)

0.005
(0.002)

16.7
(16.7)

10.9
(6.3)

24.9
(9.5)

0.5
(0.5)

0.8
(0-4)

1.3
(0.5)

50.0 60.0 71.4

Unidentifiable
invertebrates

38.2
(21.8)

32.9
(13.5)

18.7
(8.6)

0.021
(0.009)

0.018
(0.006)

0.005
(0.002)

22.9
(10.4)

12.5
(6.3)

21.3
(2.6)

- - - 100.0 80.0 100.0

Oligochaeta 39.6
(39.6)

14.6
(14.6)

13.6
(13.6)

0.073
(0.073)

0.044
(0.044)

0.020
(0.020

12.5
(12.5)

2.4
(2.4)

7.1
(7.1)

1.0
(1.0)

0.4
(0.4)

0.4
(0.4)

50.0 20.0 14.3

Tipulidae 0.0 0.0 11.9
(11.9)

0 . 0 0 0 0 . 0 0 0 0.005
(0.005)

0.0 0.0 4.8
(4.8)

0.0 0.0 0.1
(0.1)

0.0 0.0 14.3

Ephemeroptera 0.3
(0.3)

1.4
(0-6)

8.2
(3.1)

0.001
(0.001)

0.002
(0.001)

0.002
(0.001)

6.3
(6.3)

3.3
(1.5)

23.5
(8.9)

0.5
(0.5)

0.8
(0.4)

1.1
(0.4)

50.0 60.0 71.4

Plecoptera 0.0 0.0 2.0
(2.0)

0 . 0 0 0 0 . 0 0 0 0.001
(0.001)

0.0 0.0 2.4
(2.4)

0.0 0.1
(0.1)

0.1
(0.1)

0.0 0.0 14.3

Other Diptera1 2.5
(2.5)

3.0
(1.6)

LI
(1.1)

0.001
(0.001)

0.004
(0.003)

0 . 0 0 0 16.7
(16.7)

6.4
(4.3)

1.8
(1.8)

0.5
(0.5)

1.2
(0.6)

0.1
(0.1)

50.0 60.0 14.3



Table B.2. Continued.
M ean % com position  by M ean w eigh t (g) (SE) M ean % com position  by M ean num ber (SE) % Frequency o f

w eigh t (SE ) num ber (SE ) occurrence

Food item  1995,bc 1995,p 1996 1995*bc 1995,p 1996 1995,bc 1995,p 1996 1995"* 1995,p 1996 1995"* 1995,p 1996

JUNE (CONTINUED)

Brook trout -  cohort I -  (<125 mm in 1995: <127 mm in 1996) -  other (continued)

Chironomidae 1.9
(1-9)

21.9
(15.1)

0.7
(0.7)

0.004
(0.004)

0.037
(0.029)

0 . 0 0 0 25.0
(25.0)

55.1
(10.4)

3.6
(3.6)

2.0
(2.0)

16.4
(11-5)

0.3
(0.3)

50.0 100.0 14.3

Acari 0.0 0.0 0.1
(0.1)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.0 1.8
(1.8)

0.0 0.1
(0.1)

0.1
(0.1)

0.0 0.0 14.3

Simuliidae 0.0 0.1
(0.1)

0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.3
(0.3)

0.0 0.0 0.2
(0.2)

0.0 0.0 20.0 0.0

Brook trout -  cohort 2 (125 to 183 mm in 1995: 127 to 185 mm in 19961

n 6 22 9

Fish

Arctic
grayling egg

0.3
(0.2)

0.0 4.4
(4.4)

0.006
(0.005)

0 . 0 0 0 0 . 0 0 0 3.7
(29)

0.0 5.6
(5.6)

0.7
(0.5)

0.0 0.1
(0.1)

33.3 0.0 11.1

Cutthroat 
hybrid egg

0.7
(0.6)

0.9
(0.8)

0.1
(0.1)

0.010
(0.006)

0.005
(0.004)

0.001
(0.001

2.5
(1.9)

0.8
(0.8)

1.4
(1.4)

0.5
(0.3)

0.1
(0.1)

0.2
(0.2)

33.3 4.5 11.1

Other

Trichoptera 7.2
(6.6)

17.8
(4-4)

40.4
(15.6)

0.024
(0.019)

0.033
(0.009)

0.042
(0.029)

3.8
(2.8)

15.6
(4.5)

35.5
(11.5)

1.3
(0.9)

1.5
(0.3)

2.8
(1.3)

33.3 68.2 66.7

Oligochaeta 76.8
(15.5)

42.7
(9.0)

30.9
(15.5)

1.090
(0.379)

0.219
(0.062)

0.175
(0.138)

42.0
(11.8)

21.5
(5.5)

18.0
(10.3)

6.7
(1-6)

2.1
(0.5)

1.7
(1.3)

83.3 59.1 33.3

Unidentifiable
invertebrates

8.8
(5.4)

15.0
(4-2)

21.6
(11.6)

0.051
(0.013)

0.031
(0.006)

0.006
(0.003)

6.0
(1.8)

8.6
(13)

33.5
(10.0)

- - - 100.0 90.9 100.0

Tipulidae 0.2
(0.2)

2.8
(1.9)

2.2
(2.2)

0.003
(0.002)

0.012
(0.008)

0.001
(0.001)

1.6
(1.0)

0.5
(0.3)

1.1
( U )

0.3
(0.2)

0.2
(0.1)

0.1
(0.1)

33.3 13.6 11.1

<o
o



Table B.2. Continued.
Mpan °/n comnosition bv Mean weight (gHSE) Mean % composition Meannumber(SE) % Frequencx o f
--------weiBht (SE~) number !SE) occurrence

Fooditem I99Slbc 1995» 1996 1 9 9 5 - 1995* 1996 1995"" 1995- 1996 1995- 1995’- 1996 1995"" 1995" 1996

JUNE (CONTINUED)

Rrnnk trout -  cohort 2 (125 to 183 mm in 1995: 127 to 185 mm in 1996) -  other (continued)

Ephemeroptera 0.2
(0.1)

4.0
(1.8)

0.3
(0.3)

0.003
(0.001)

Chironomidae 1.1
(0.6)

8.0
(2.8)

0.1
(0.1)

0.009
(0.004)

Plant 0.0 2.2
(2.2)

0.0 0 . 0 0 0

Other Dipterab 3.8
(3.8)

1.9
(0.9)

0.0 0.011
(0.011)

Plecoptera 0.2
(0.2)

1.7
(0.9)

0.0 0.001
(0.001)

Coleoptera 0.0 1.2
(0.8)

0.0 0 . 0 0 0

Hemiptera 0.3
(0.3)

0.8
(0.7)

0.0 0.003
(0.003)

Lepidoptera 0.0 0.5
(0.4)

0.0 0 . 0 0 0

Acari 0.0 0.2
(0.1)

0.0 0 . 0 0 0

Hymenoptera 0.0 0.2
(0.1)

0.0 0 . 0 0 0

Diplopoda 0.0 0.1
(0.1)

0.0 0 . 0 0 0

Simuliidae 0.2
(0.1)

0.1
(0.1)

0.0 0.001
(0.001)

0.004
(0 .001)

0.000 5.9
(2 .6)

7.2
( 1.9)

1.1
( 1. 1)

0.024
(0 .011)

0.000 17.1
(8.0)

31.9
(6 .0)

2.2
(2 .2)

0.002
(0.002)

0.000 0.0 0.8
(0.8)

0.0

0.006
(0.003)

0.000 14.5
( 13.4)

6.5
(2 .4)

0.0

0.004
(0.002)

0.000 0.3
(0.3)

1.1
(0.5)

0.8
(0.8)

0.002
(0 .001)

0.000 0.0 1.7
(0 .8)

0.8
(0.8)

0.002
(0.002)

0.000 L I

( 1.1)
1.4

( 1.0)
0.0

0.003
(0.002)

0.000 0.0 0.9
(0 .8)

0.0

0.000 0.000 0.0 0.7
(0 .4)

0.0

0.001
(0.001)

0.000 0.0 0.8
(0.6)

0.0

0.000 0.000 0.0 0.1
(0.1)

0.0

0.000 0.000 1.4
(0.9)

0.9
(0.6)

0.0

1.2
(0.5)

1.3
(0.4)

0.1
(01)

66.7 45.5 11.1

4.2
(1-7)

10.4
(4.0)

0.1
(0.1)

66.7 72.3 11.1

0.0 0.0 0.0 0.0 4.5 0.0

7.3
(7.1)

0.8
(0.3)

0.0 33.3 45.5 0.0

0.2
(0.2)

0.3
(0.1)

0.1
(0.1)

16.7 22.7 11.1

0.0 0.2
(0.1)

0.1
(0.1)

0.0 18.2 11.1

0.3
(0.3)

0.2
(0.2)

0.0 16.7 9.1 0.0

0.0 0.1
(0.1)

0.0 0.0 9.1 0.0

0.0 0.1
(0.1)

0.0 0.0 13.6 0.0

0.0 0.2
(0-1)

0.0 0.0 13.6 0.0

0.0 0.0 0.0 0.0 4.5 0.0

0.3
(0.2)

0.2
(0.1)

0.0 33.3 13.6 0.0



Table B.2. Continued.
Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of

weight (SE) number (SE) occurrence

Food item 1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995"* 1995,p 1996

JUNE (CONTINUED)

Brook trout -  cohort 2 (125 to I S3 mm in 1995: 127 to 185 mm in 1996) -  other (continued)

Cladocera 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.7
(0.6)

0.0 0.0 0.1
(0.1)

0.0 0.0 9.1 0.0

Amphipoda 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.1
(0.1)

0.0 0.0 0.0 0.0 0.0 4.5 0.0

Brook trout: -  cohort 3 1184 to 227 mm in 1995: 186 to 228 mm in 1996)

n 3 6 2

Fish

Cutthroat 
hybrid egg

0.0 1.1
(1.1)

0.0 0 . 0 0 0 0.011
(0.011)

0 . 0 0 0 0.0 0.9
(0.9)

0.0 0.0 0.2
(0.2)

0.0 0.0 16.7 0.0

Arctic 
grayling egg

0.0 0.1
(0.1)

0.0 0 . 0 0 0 0.002
(0.002)

0 . 0 0 0 0.0 1.6
(1.6)

0.0 0.0 0.5
(0.5)

0.0 0.0 16.7 0.0

Sucker egg 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.5
(0.5)

0.0 0.0 0.2
(0.2)

0.0 0.0 16.7 0.0

Other

Unidentifiable
invertebrates

13.1
(4.1)

36.7
(19.8)

90.0
(10.0)

0.071
(0.005)

0.050
(0.014)

0.002
(0.001)

11.9
(6.6)

33.5
(15.3)

75.0
(25.0)

- - - 100.0 100.0 100.0

Coleoptera 1.7
(1.7)

0.2
(0.2)

10.0
(10.0)

0.009
(0.009)

0.005
(0.005)

0 . 0 0 0 2.1
(2.1)

0.5
(0.5)

25.0
(25.0)

0.3
(0.3)

0.2
(0.2)

0.5
(0.5)

33.3 16.7 50.0

Oligochaeta 80.7
(5.0)

59.0
(18.7)

0.0 0.548
(0.203)

0.785
(0.489)

0.000 32.4
(13.3)

37.9
(12.4)

0.0 4.0
(2.5)

6.2
(3.2)

0.0 100.0 66.7 0.0



Table B.2. Continued.
M ean % com position  by M ean w eig h t (g) (SE) M ean % com position  by M ean num ber (SE) % Frequency o f

w eigh t (SE ) num ber (SE ) occurrence

Food item  1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995"* 1995,p 1996 1995"* 1995'" 1996 1995"* 1995'" 1996

JUNE (CONTINUED)

Brook trout -  cohort 3 (184 to 227 mm in 1995:186 to 228 mm in 19961 - other (continued)

Trichoptera L I
(0.6)

2.3
(2.3)

0.0 0.007
(0.004)

0.013
(0.013)

0.000 6.6
(3.9)

7.6
(7.6)

0.0 1.3
(0.9)

0.8
(0.8)

0.0 66.7 16.7 0.0

Ephemeroptera 0.1
(0.1)

0.2
(0.1)

0.0 0.001
(0.001)

0.003
(0.002)

0.000 11.4
(7.3)

2.4
(1.6)

0.0 1.0
(0.6)

0.7
(0.5)

0.0 66.7 33.3 0.0

Hirudinea 0.0 0.2
(0.2)

0.0 0.000 0.000 0.000 0.0 8.3
(8.3)

0.0 0.0 0.2
(0-2)

0.0 0.0 16.7 0.0

Chironomidae 2.1
(1.4)

0.2
(OJ)

0.0 0.013
(0.008)

0.003
(0.002)

0.000 26.9
(18.6)

5.8
(5 J )

0.0 4.7
(2.9)

1.2
(LO)

0.0 66.7 33.3 0.0

vo
Simuliidae 0.0 0.0 0.0 0.000 0.000 0.000 0.0 0.5

(0.5)
0.0 0.0 0.2

(0.2)
0.0 0.0 16.7 0.0 LU

Tipulidae 0.2
(0.2)

0.0 0.0 0.002
(0.002)

0.001
(0.001)

0.000 1.5
(1-5)

0.5
(0.5)

0.0 0.3
(0.3)

0.2
(0.2)

0.0 33.3 16.7 0.0

Cladocera 0.0 0.0 0.0 0.000 0.000 0.000 1.5
(1.5)

0.0 0.0 0.3
(0.3)

0.0 0.0 33.3 0.0 0.0

Hemiptera L I
(L I)

0.0 0.0 0.006
(0.006)

0.000 0.000 4.2
(4.2)

0.0 0.0 0.7
(0-7)

0.0 0.0 33.3 0.0 0.0

Homoptera 0.0 0.0 0.0 0.000 0.000 0.000 1.5
(1.5)

0.0 0.0 0.3
(0.3)

0.0 0.0 33.3 0.0 0.0

Brook trout - cohort 4 (>227 mm in 1995: >228 mm in 1996)

n 5 I 3

Fish

Unidentifiable
fish

0.0 0.0 6.8
(6.8)

0.000 0.000 0.003
(0.003)

6.6
(3.9)

7.6
(7.6)

0.0 - - - 20.0 0.0 33.3



Table B.2. Continued.
M ean % com position  by M ean w eight (g) (SE ) M ean % com position by M ean num ber (SE) % Frequency o f

w eigh t (SE ) num ber (SE> occurrence

Food item I 9 9 5 . * 1995,p 1996 I 9 9 5 . * I 9 9 5 -P 1996 1 9 9 5 « * I 9 9 5 -P 1996 I 9 9 5 . * I 9 9 5 -P 1996 1 9 9 5 « * I 9 9 5 -P 1996

Brook trout -

JUNE (CONTINUED)

cohort 4 0227 mm in 1995: >228 mm in 1996) - fish fcontinued)

Cutthroat 
hybrid egg

1.0
(1.0)

0.0 2.6
(2.6)

0.066
(0.066)

0 . 0 0 0 0.018
(0.018)

2.2
(2 J )

Other

0.0 5.6
(5.6)

1.4
(1.4)

0.0 0.3
(0.3)

20.0 0.0 33.3

Oligochaeta 76.6
(19.2)

98.1 61.0
(30.6)

3.942
(1.420)

2.100 0.691
(0.423)

58.5
(17.9)

95.7 45.3
(22.7)

15.6
(7.8)

22 4.3
(2.6)

26.9
(18.6)

5.8
(5.2)

0.0

Trichoptera 1.0
(0.9)

0.0 25.8
(25.1)

0.043
(0.032)

0 . 0 0 0 0.019
(0.011)

10.3
(9.9)

0.0 14.7
(8.3)

1.0
(0.8)

0.0 1.3
(0.7)

0.0 0.5
(0.5)

0.0

Unidentifiable
invertebrates

19.8
(18.2)

1.9 3.2
(0.8)

0.051
(0.017)

0.041 0.026
(0.013)

10.5
(4.1)

4.3 12.9
(2.7)

- - — 1.5
(1.5)

0.5
(0.5)

0.0

Ephemeroptera 0.7
(0.7)

0.0 0.4
(0.2)

0 . 0 0 0 0 . 0 0 0 0.001
(0.001)

10.0
(10.0)

0.0 7.3
(4.1)

0.4
(0.4)

0.0 0.7
(0.3)

20.0 0.0 66.7

Cladocera 0.0 0.0 0.2
(0.2)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.0 9.5
(9.5)

0.0 0.0 0.7
(0.7)

0.0 0.0 33.3

Simuliidae 0.7
(0.7)

0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 5.0
(5.0)

0.0 0.0 0.2
(0.2)

0.0 0.0 20.0 0.0 0.0

Chironomidae 0.1
(0.1)

0.0 0.0 0.009
(0.009)

0 . 0 0 0 0 . 0 0 0 3.5
(3.5)

JULY

0.0 0.0 2.2
(2.2)

0.0 0.0 20.0 0.0 0.0

Brook trout -  cohort 1 1<142 mm in 1995: <144 mm in 1996)

n

Trichoptera

3

42.5

8

37.0

3

62.7 0.043 0.044 0.087 59.5 28.5 56.5 8.3 2.4 11.3 66.7 50.0 100.0
(26.4) (15.5) (18.3) (0.022) (0.017) (0.023) (29.8) (11.4) (4.7) (4.2) (1.1) (4.3)



Table B.2. Continued.
M ean % com position by M ean w eight (g) (SE ) M ean % com position  by M ean num ber (SE ) % Frequency o f

w eight (SE) num ber (SE ) occurrence

Food item 1995"* 1995,p 1996 1 9 9 5 .bc 1995,p 1996 1995"* 1995,p 1996 1995"* 1995*p 1996 1995"* 1995'" 1996

Brook trout

JULY (CONTINUED)

-  cohort I f<142 mm in 1995: <144 mm in 1996) (continued)

Plecoptera 0 . 0 0 . 0 14.8
(14.8)

0.000 0.000 0.031
(0.031)

0 . 0 0 . 0 5.6
(5.6)

0 . 0 0 . 0 2.3
(2.3)

0 . 0 0 . 0 33.3

Ephemeroptera 2 . 6

(2 .6 )
0 . 1

(0 .1 )
9.5

(8 .8 )
0 . 0 0 2

(0 .0 0 2 )
0.000 0 . 0 1 0

(0.009)
2.4

(2.4)
1 . 6

( 1 .6 )
5.8

(2-9)
0.3

(0.3)
0 . 1

(0 .1 )
0.7

(0.3)
33.3 12.5 66.7

Other Dipterac 0.3
(0.3)

13.2
(1 0 .8 )

6.5
(4.9)

0 . 0 0 1

(0 .0 0 1 )
0 . 0 1 0

(0.007)
0.013

(0 .0 1 1 )
1 1 .1

( H I )
10.3
(6 .0 )

13.7
(5.0)

0.3
(0.3)

0.5
(0 .2 )

4.0
(3.0)

33.3 50.0 1 0 0 . 0

Unidentifiable
invertebrates

23.3
(2 0 .1 )

24.2
(11.7)

4.4
(3.5)

0.039
(0.032)

0.006
(0 .0 0 2 )

0.009
(0.008)

15.9
(8.7)

24.6
(5.9)

6 . 6

(2 .1 )
~ - - 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

Hymenoptera 0 . 0 0 . 8

(0 .8 )
2 . 0

(2 -0 )
0.000 0 . 0 0 1

(0 .0 0 1 )
0.003

(0.003)
0 . 0 1 .8

( 1 .8 )
2 . 8

(2 .8 )
0 . 0 0 .1

(0 .1 )
0.3

(0-3)
0 . 0 12.5 33.3

Simuliidae 0 . 0 3.5
(3.3)

0 . 2

(0 .1 )
0.000 0.000 0.000 0 . 0 10.3

(6.4)
6 . 2

(3.1)
0 . 0 0.5

(0.3)
1.7

( 1 -2 )
0 . 0 37.5 66.7

Oligochaeta 31.3
(31.3)

17.6
( 1 2 .0 )

0 . 0 0.078
(0.078)

0.052
(0.035)

0.000 1 1 .1

( 1 1 .1 )
7.2

(6 .2 )
0 . 0 0.3

(0.3)
0 . 6

(0.5)
0 . 0 33.3 25.0 0 . 0

Cladocera 0 . 0 2 . 6

(1.9)
0 . 0 0.000 0.000 0.000 0 . 0 9.4

(6 -6 )
0 . 0 0 . 0 0.3

(0 .2 )
0 . 0 0 . 0 25.0 0 . 0

Lepidoptera 0 . 0 0.5
(0.5)

0 . 0 0.000 0 . 0 0 1

(0 .0 0 1 )
0.000 0 . 0 1 . 6

( 1 .6 )
0 . 0 0 . 0 0 .1

(0 .1 )
0 . 0 0 . 0 12.5 0 . 0

Neuroptera 0 . 0 0.4
(0-4)

0 . 0 0.000 0.000 0.000 0 . 0 1 . 6

( 1 .6 )
0 . 0 0 . 0 0 .1

(0 .1 )
0 . 0 0 . 0 12.5 0 . 0

Chironomidae 0 . 0 0 . 1

(0 .1 )
0 . 0 0.000 0.000 0.000 0 . 0 3.1

(3.1)
0 . 0 0 . 0 0.3

(0.3)
0 . 0 0 . 0 12.5 0 . 0

Coleoptera 0 . 0 0 . 0 0 . 0 0.000 0.000 0.000 0 . 0 0 . 0 2 . 8

(2 .8 )
0 . 0 0 . 0 0.3

(0.3)
0 . 0 0 . 0 33.3



Table B.2. Continued.
Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of

weight (SE) number (SE) occurrence

Food Item 1995,bc 1995,p 1996 1995,bc 1995,p 1996 1995*bc 1995,p 1996 1995,bc 1995*p 1996 1995"* 1995* 1996

JULY (CONTINUED)

Brook trout — cohort 2 (142 to 197 mm in 1995:144 to 198 mm in 1996)

n I 4 -

Trichoptera 0 . 0 56.6
(23.0)

- 0 . 0 0 0 0.073
(0.041)

- 0 . 0 51.9
(18.6)

- 0 . 0 4.0
(2 .0 )

- 0 . 0 75.0 -

Oligochaeta 89.9 24.7
(24.7)

- 2.777 0.459
(0.459)

- 34.8 2 0 . 0

(2 0 .0 )
- 8 . 0 2 . 0

(2 .0 )
- 1 0 0 . 0 25.0 -

Unidentifiable
invertebrates

3.6 18.3
(14.5)

- 0 . 1 1 0 0 . 0 1 2

(0.004)
- 4.3 20.3

(9-9)
- - - - 1 0 0 . 0 1 0 0 . 0 -

Acari 0 . 0 0 . 2

(0 .2 )
- 0 . 0 0 0 0 . 0 0 0 - 0 . 0 2.5

(2.5)
- 0 . 0 0.3

(0.3)
- 0 . 0 25.0 -

Ephemeroptera 0 . 0 0 . 2

(0 .1 )
- 0 . 0 0 0 0 . 0 0 1

(0 .0 0 0 )
- 0 . 0 5.3

(3.1)
- 0 . 0 0.5

(0.3)
- 0 . 0 50.0 -

Coleoptera 4.1 0 . 0 - 0.126 0 . 0 0 0 - 21.7 0 . 0 - 5.0 0 . 0 - 1 0 0 . 0 0 . 0 -

Other Dipterad 2 . 1 0 . 0 - 0.064 0 . 0 0 0 - 26.1 0 . 0 - 6.0 0.0 - 1 0 0 . 0 0.0 -

Plecoptera 0.3 0.0 - 0.009 0 . 0 0 0 - 4.3 0.0 - 1 .0 0.0 - 1 0 0 . 0 0.0 -

Cladocera 0.0 0.0 - 0 . 0 0 1 0 . 0 0 0 - 4.3 0.0 - 1 .0 0.0 - 1 0 0 . 0 0.0 -

Chironomidae 0.0 0.0 - 0 . 0 0 1 0 . 0 0 0 - 4.3 0.0 - 1 .0 0.0 - 1 0 0 . 0 0.0 -

Brook trout — cohort 3 (198 to 237 mm in 1995: 199 to 238 mm in 1996)

n I I 2

Fish

Unidentifiable
fish

0.0 0.0 0.7
(0.7)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 1

(0 .0 0 1 )
0.0 0.0 8.3

(8.3)
- - - 0.0 0.0 50.0



Table B.2. Continued.

Food item

Mean % composition by 
weight (SE)

1995"* 1995"' 1996

Mean weight (V) (SE! Mean % composition by Mean number (SE) % Frequency of
nnmher (SE) occurrence

1995"* 1995sp 1996 1995"* 1995!p 1996 1995"* 1995,p 1996 1995"* 1995,p 1996

JULY (CONTINUED)

Brook trout -  cohort 3 (198 to 257 mm in 1995:199 to 238 mm in 19961 -  fish (continued)

Sucker egg 0 . 0 1.7 0 . 0 0 . 0 0 0 0.025 0 . 0 0 0 0 . 0 29.4 - 0 . 0 5.0 0 . 0 0 . 0 1 0 0 . 0 -

Other

Trichoptera 0 . 0 20.5 79.8
(6.3)

0 . 0 0 0 0.302 0.152
(0.028)

0 . 0 23.5 52.3
(2.3)

0 . 0 4.0 4.5
(1.5)

0 . 0 1 0 0 . 0 1 0 0 . 0

Coleoptera 0 . 0 0 . 0 9.6
(9.6)

0 . 0 0 0 0 . 0 0 0 0.024
(0.024)

0 . 0 0 . 0 9.1
(9.1)

0 . 0 0 . 0 1 . 0

( 1 .0 )
0 . 0 0 . 0 50.0

Plecoptera 0 . 0 0 . 0 5.9
(5.9)

0 . 0 0 0 0 . 0 0 0 0.009
(0.009)

0 . 0 0 . 0 8.3
(8.3)

0 . 0 0 . 0 0.5
(0.5)

0 . 0 0 . 0 50.0

Unidentifiable 2 . 6 0 .1 3.0 0 . 0 2 2 0 . 0 0 1 0.007 2 0 . 0 5.9 12.9 - - - 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

invertebrates (2.3) (0.006) (3.8)

Ephemeroptera 0 . 0 3.3 0 . 6

(0 .6 )
0 . 0 0 0 0.048 0 . 0 0 2

(0 . 0 0 2

0 . 0 5.9 4.5
(4.5)

0 . 0 1 . 0 0.5
(0.5)

0 . 0 1 0 0 . 0 50.0

Other Dipterae 0 . 0 0 . 0 0.4
(0.4)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 1

(0 .0 0 1 )
0 . 0 0 . 0 4.5

(4.5)
0 . 0 0 . 0 0.5

(0.5)
0 . 0 0 . 0 50.0

Oligochaeta 97.4 74.4 0 . 0 0.838 1.095 0 . 0 0 0 80.0 17.6 0 . 0 4.0 3.0 0 . 0 1 0 0 . 0 1 0 0 . 0 0 . 0

Cladocera 0 . 0 0 . 1 0 . 0 0 . 0 0 0 0 . 0 0 1 0 . 0 0 0 0 . 0 17.6 0 . 0 0 . 0 3.0 0 . 0 0 . 0 1 0 0 . 0 0 . 0

Brook trout - cohort 4 0237 mm in 1995: >238 mm in 1996)

n I 3 3
Fish

Unidentifiable 0 . 0 2 . 1 0 . 0 0 . 0 0 0 0.117 0 . 0 0 0 0 . 0 - 0 . 0 - - - 0 . 0 33.3 0 . 0

fish (2 .1 ) (0.117)

Mottled 0 . 0 25.9 0 . 0 0 . 0 0 0 1.416 0 . 0 0 0 0 . 0 6.7 0 . 0 0 . 0 0.7 0 . 0 0 . 0 33.3 0 . 0

sculpin (25.9) (1.416) (6.7) (0.7)

<o



Table B.2. Continued.
M ean % com position by M ean w eight (g) (SE) M ean % com position  by M ean num ber (SE) % Frequency o f

w eight (SE ) num ber (SE) occurrence

Food item 1995"* 1995"' 1996 1995"* 1995"’ 1996 1995"* 1995"’ 1996 1995"* 1995"’ 1996 1995"* 1995,p 1996

Brook trout

JULY (CONTINUED)

-  cohort 4 (>237 mm in 1995: >238 mm in 1996) (continued) 

Other

Trichoptera 0 . 0 31.1
(24.2)

37.4
(23.4)

0 . 0 0 0 0.276
(0.256)

0.216
(0.115)

0 . 0 2 0 . 0

(IL S )
45.8

(23.4)
0 . 0 1.7

( 1 .2 )
25.0

(14.7)
0 . 0 66.7 66.7

Unidentifiable
invertebrates

0 . 8 1.3
(0.4)

35.9
(32.1)

0.057 0.032
(0.019)

0.277
(0.233)

7.7 12.4
(3.9)

34.8
(32.6)

- - - 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

Ephemeroptera 0 . 0 1.7
( 1 .1 )

11.9
(9.9)

0 . 0 0 0 0.024
(0.013)

0.135
(0.129)

0 . 0 22.9
(2-9)

5.4
(3.9)

0 . 0 2.3
(0.9)

4.0
(3.5)

0 . 0 1 0 0 . 0 66.7

Plecoptera 0 . 0 0 . 0 8 . 8

(5-1)
0 . 0 0 0 0 . 0 0 0 0.082

(0.069)
0 . 0 0 . 0 7.3

(5.8)
0 . 0 0 . 0 5.7

(5.2)
0 . 0 0 . 0 66.7

Coleoptera 0 . 0 0 . 0 2 . 8

P J )
0 . 0 0 0 0 . 0 0 1

(0 .0 0 1 )
0.034

(0.034)
0 . 0 2.4

(2.4)
1 .2

( 1 .2 )
0 . 0 0.3

(0.3)
1 .0

( 1 .0 )
0 . 0 33.3 33.3

Other Dipteraf 0 . 0 2 . 0

(1.9)
1.9

( 1 -1 )
0 . 0 0 0 0.005

(0.004)
0 . 0 1 2

(0.006)
0 . 0 1 0 . 0

(5.8)
1.9

( 1 .0 )
0 . 0 0.7

(0-3)
1 .0

(0 .6 )
0 . 0 66.7 66.7

Acari 0 . 0 0 . 0 1 .1

(0.5)
0 . 0 0 0 0 . 0 0 0 0.009

(0.006)
0 . 0 0 . 0 1.5

(0.9)
0 . 0 0 . 0 0.7

(0.3)
0 . 0 0 . 0 66.7

Hymenoptera 0 . 0 0 . 0 0.3
(0.3)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 1

(0 .0 0 1 )
0 . 0 0 . 0 L I

(L I)
0 . 0 0 . 0 0.3

(0.3)
0 . 0 0 . 0 33.3

Oligochaeta 99.2 32.4
(32.4)

0 . 0 6.808 1.416
(1.416)

0 . 0 0 0 84.6 9.5
(9.5)

0 . 0 1 1 . 0 1.3
(1-3)

0 . 0 1 0 0 . 0 33.3 0 . 0

Hemiptera 0 . 0 3.2
(3.2)

0 . 0 0 . 0 0 0 0.003
(0 .0 0 2 )

0 . 0 0 0 0 . 0 9.0
(5.9)

0 . 0 0 . 0 0.7
(0.3)

0 . 0 0 . 0 66.7 0 . 0

Lepidoptera 0 . 0 0 . 2

(0 .2 )
0 . 0 0 . 0 0 0 0.009

(0.009)
0 . 0 0 0 0 . 0 2.4

(2.4)
0 . 0 0 . 0 0.3

(0.3)
0 . 0 0 . 0 33.3 0 . 0



Table B.2. Continued.
Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of

weight (SE) number (SEi occurrence

Food item 1995*bc 1995-p 1996 1995"'* 1995,p 1996 1995"* 1995,p 1996 1995"* 1995'" 1996 1995"'* 1995'" 1996

JULY (CONTINUED)

Brook trout -  cohort 4 f>237 mm in 1995: >238 mm in 1996) !continued)

Other

Thysanoptera 0.0 0.0 0.0 0 . 0 0 0  0 . 0 0 0 0 . 0 0 0 0.0 0.0 1.1
(1.1)

0.0 0.3
(0.3)

0.0 0.0 33.3

Cladocera 0.0 0.0 0.0 0 . 0 0 1  0 . 0 0 0 0 . 0 0 0 7.7 4.8
(4.8)

0.0 1.0 0.7
(0.7)

0.0 100.0 33.3 0.0

a Other Diptera include larvae from the family Tabanidae, and unclassified larvae and adults from the order Diptera.
b Other Diptera include Ceratopogonidae, Culicidae, Empididae, Muscidae, Stratiomyidae, and Tabanidae larvae, and unclassified larvae, pupae, and adults from the 

order Diptera.
c Other Diptera include larvae from the family Syrphidae, and unclassified larvae and adults from the order Diptera. 
d Other Diptera include unclassified pupae and adults from the order Diptera.
‘  Other Diptera include unclassified pupae from the order Diptera. 
f Other Diptera include unclassified adults from the order Diptera.



Mean % composition by Mean weight (s) (SE) Mean % composition by Mean number (SE) % Frequency of
weight (SE) number (SE) occurrence

Food item 1995abc 1995" 1996 1995lbc 1995" 1996 1995* 1995" 1996 1995* 1995" 1996 1995* 1995" 1996

JUNE

Table B.3. Mean percent composition by weight, mean weight, mean percent composition by number, mean number, and percent
frequency of occurrence of stomach contents of mottled sculpin captured in sections A, B, & Cabc in 1995 and near the
known Arctic grayling spawning areasp in Red Rock Creek in 1995 and 1996 in decreasing order of mean percent
composition by weight for 1996.

n 18+ 2 f 16+ If 83

Cutthroat 
hybrid egg

0 . 0 0 . 0 0.7
(0.7)

0 . 0 0 0

Mottled 
sculpin egg

3.7
(3.7)

0 . 0 0 . 0 0.009
(0.009)

Mottled
sculpin

0 . 2

(0 .2 )
0 . 0 0 . 0 0 . 0 0 0

Unidentifiable
invertebrates

46.0
(8 .8 )

52.8
(8 .6 )

53.1
(3.6)

0.019
(0.004)

Ephemeroptera 8 . 2

(3.9)
0 . 6

(0-4)
25.1
(3.1)

0.006
(0.004)

Oligochaeta 19.8
(9.0)

29.3
(9.3)

5.5
(2 .1 )

0.034
(0.016)

Chironomidae 8 . 0

(5-5)
7.5

(3.3)
4.1

(1.4)
0.007

(0.006)

Trichoptera 3.7
(2.4)

0 .1

(0 .1 )
4.0

(1.5)
0 . 0 0 1

(0 .0 0 1 )

Other Diptera1 0.3
(0 .2 )

0.5
(0-3)

3.1
(1-5)

0 . 0 0 0

Mottled sculnin < 80 mm

Fish

0 . 0 0 0 0 . 0 0 0 0 . 0 0 . 0 0 . 6

(0 -6 )

0 . 0 0 0 0 . 0 0 0 5.3
(5.3)

0 . 0 0 . 0

0 . 0 0 0 0 . 0 0 0 1.4
(1.4)

0 . 0 0 . 0

Other

0 . 0 2 0

(0.005)
0.013

(0 .0 0 1 )
28.8
(6.9)

34.5
(5.7)

45.2
(3.3)

0 . 0 0 0 0 . 0 1 2

(0 .0 0 2 )
18.2
(5.5)

3.1
(2.3)

26.4
(3.1)

0.023
(0.008)

0 . 0 1 2

(0.006)
9.0

(4.5)
13.1
(4.2)

3.0
( 1 -2 )

0 . 0 0 2

(0 .0 0 1 )
0 . 0 0 1

(0 .0 0 0 )
2 1 . 1

(7.0)
29.4
(6 .6 )

8.9
(2 .2 )

0 . 0 0 0 0 . 0 0 1

(0 .0 0 0 )
3.9

(2.4)
3.1

(3-1)
6 . 0

(1.5)

0 . 0 0 0 0 . 0 0 1

(0 .0 0 1 )
2.5

( 1 .8 )
3.0

(2 .2 )
3.3

(1-3)

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 .2

5.6 0 . 0 0 . 0 5.6 0 . 0 0 . 0

(56)

0 .1 0 . 0 0 . 0 5.6 0 . 0 0 . 0

(0 .1 )

- - - 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

1.5
(0.5)

0 .1

(0 .1 )
1.9

(0 .2 )
55.6 12.5 55.4

06
(0.4)

0.5
(0 .1 )

1 .6

(0 .1 )
2 2 . 2 50.0 8.4

4.5
(2.7)

1 .8

(0 .6 )
2 . 0

(0 .2 )
50.0 62.5 21.7

0 . 2

(0 .1 )
0 .1

(0 .1 )
1.3

(0 .1 )
16.7 6.3 19.3

0 . 2

(0 .1 )
0 . 2

(0 .1 )
1 .8

(0 .2 )
1 1 .1 12.5 9.6
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Table B.3. Continued.
M ean % com position  by M ean w eigh t fe) (SE) M ean % com position by M ean num ber (SE) % Frequency o f

w eight (SE) num ber (SEt occurrence

Food item I 9 9 5 -Kc l 9 9 5 >p 1996 J 9 9 5 -Ke 1995,p 1996 J 9 9 5 -Ke 1995,p 1996 I 9 9 5 -Ke 1995* 1996 I 9 9 5 -Ke 1995* 1996

JUNE (CONTINUED)

Mottled sculnin <  80 mm - other (continued)

Tipulidae 0.2
(0.2)

8.3
(3.0)

2.6
( 1.3)

0 . 0 0 0 0.004
(0.002)

0.001
(0.000)

0.2
(0 .2)

12.0
(3.8)

2.6
( 1.1)

0.1
(0.1)

0.6
(0 .2)

1.5
(0.1)

5.6 50.0 7.2

Plecoptera 9.5
(5.4)

0.9
(0 .9)

1.5
(0 .8)

0.007
(0.003)

0.001
(0.001)

0.001
(0.001)

5.9
(3 .1)

0.7
(0.7)

2.6
( 1.0)

0.3
(0.1)

0.1
(0. 1)

1.1
(0.0)

27.8 6.3 9.6

Coleoptera 0.0 0.0 0.1
(0.1)

0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.0 0.2
(0.2)

0.0 0.0 0.0 0.0 0.0 1.2

Cladocera 0.0 0.1
(0 .1)

0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.8
(0.8)

1.0
( 1-0)

0.5
(0.4)

0.1
(0. 1)

0.1
(0.1)

1.0
(0.0)

5.6 6.3 2.4

Homoptera 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.1
(0.1)

0.0 0.6
(0.6)

0.1
(0 .1)

0.0 0.0 5.6 0.0 1.2

Thysanoptera 0.5
(0.5)

0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 2.8
(2.8)

0.0 0.0 0.1
(0.1)

0.0 0.0 5.6 0.0 0.0

Mottled sculnin 80 to 98 mm

n 10 6 23
Fish

Mottled
sculpin

8.9
(8.9)

0.0 0.0 0.030
(0.030)

0 . 0 0 0 0 . 0 0 0 0.3
(0.3)

0.0 0.0 0.1
(0.1)

0.0 0.0 10.0 0.0 0.0

Other

Unidentifiable
invertebrates

27.8
( 10.7)

23.7
(7.5)

45.8
(6.7)

0.018
(0.004)

0.014
(0.003)

0.027
(0.004)

25.2
( 10.5)

26.2
(6.2)

38.1
(5.7)

- - - 90.0 100.0 100.0

Ephemeroptera 1.6
( 1.4)

4.1
(3.8)

33.1
(5.5)

0.003
(0.002)

0.002
(0.002)

0.033
(0 .009)

5.4
(4 .6)

7.5
(4.8)

41.7
(4 .9)

0.9
(0.7)

0.3
(0.2)

1.7
(0.3)

20.0 33.3 87.0

Oligochaeta 12.1
(9.6)

53.0
( 17.1)

14.5
(6 .5)

0.019
(0.014)

0.048
(0.016)

0.054
(0.031)

4.4
(3-4)

26.9
( 11-0)

6.5
(3-2)

0.4
(0.3)

0.8
(0.3)

0.3
(0.2)

20.0 66.7 21.7



Table B.3. Continued.
M ean %  com position by M ea n w eig h t (g> (SE) M ean % com position by M ean num ber (SE) % Freauency o f

w eight (SE ) num ber (SE) occurrence

Food item I 9 9 5 - fcC I 9 9 5 -C 1996 I 9 9 5 - fcC 1995,p 1996 I 9 9 5 - fcC 1995lp 1996 1995"* 1995,p 1996 I 9 9 5 - fcC 1995'" 1996

JUNE (CONTINUED)

Mottled sculpin 80 to 98 mm - other fcontinued)

Trichoptera 8.4
(5-1)

0.0 4.3
(3.1)

0.009
(0.007)

0 . 0 0 0 0.002
(0.002)

7.4
(4 .9)

0.0 3.3
( 1.9)

0.7
(0.3)

0.0 0.1
(0.1)

40.0 0.0 13.0

Tipulidae 14.6
(8.7)

3.5
(3.5)

2.0
( 1-8)

0.021
(0.013)

0.005
(0 .005)

0.002
(0.001)

16.0
(8.5)

4.2
(4 .2)

2.3
(1.7)

4.1
(2.8)

0.2
(0 2 )

0.1
(0.1)

50.0 16.7 8.7

Chironomidae 11.9
(7-0)

9.1
(8.2)

0.2 
(0 1)

0.009
(0.007)

0.004
(0.003)

0 . 0 0 0 29.0
( 10.5)

22.7
( 16.1)

5.4
(2 .0)

8.0
(3.9)

4.3
(3 9 )

0.3
(0.1)

60.0 33.3 26.1

Other Dipterab 0.2
(0.1)

0.0 0.1
(0.1)

0.001
(0.000)

0 . 0 0 0 0 . 0 0 0 1.4
( L I )

0.0 0.9
(0.9)

0.4
(0.3)

0.0 0.0 20.0 0.0 4.3

Plecoptera 9.5
(9 .4)

6.6
(6 .6)

0.0 0.003
(0.003)

0.003
(0.003)

0 . 0 0 0 5.7
(5.0)

8.3
(8.3)

0.9
(0.9)

0.2
(0.1)

0.3
(0-3)

0.0 20.0 16.7 4.3

Simuliidae 5.1
(5.0)

0.1
(0 .1)

0.0 0 . 0 0 0 0 . 0 0 0 0.000 5.2
(5.0)

4.2
(4 .2)

0.0 0.2
(0.1)

0.2
(0.2)

0.0 20.0 16.7 0.0

Acari 0.0 0.0 0.0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0.0 0.0 1.1
( L I )

0.0 0.0 0.0 0.0 0.0 4.3

I

Mottled sculnin >98 mm

n 9

Fish

Mottled
sculpin

- 0.0 0.9
(0.9)

- 0 . 0 0 0 0.009
(0.009)

- 0.0 1.6
( 1.6)

- 0.0 0.1
(0.1)

- 0.0 11.1

Other

Unidentifiable
invertebrates

- 13.3 53.7
( 14.1)

- 0.035 0.030
(0.008)

- 9.1 48.3
( 13.5)

- - - - 100.0 100.0

Ephemeroptera - 0.0 22.1
( 10.6)

- 0.0 0.065
(0.036)

- 0.0 29.2
( 11.6)

- 0.0 2.0
(0-9)

— 0.0 44.4
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Table B.3. Continued.
Mean %  composition by 

weight (SE)

Food item 1995,bt 1995,p 1996

Oligochaeta — 76.4 14.7
(9.9)

Trichoptera - 0 . 0 4.1
(2 .6 )

Tipulidae - 2.7 3.5
(3.5)

Plecoptera - 2.7 1 . 0

( 1 .0 )

Chironomidae - 4.9 0 . 0

Cladocera 0 . 0 0 . 0

n 13 15 79

Unidentifiable
invertebrates

42.8
(6.5)

45.6
(9.9)

45.9
(3.2)

Ephemeroptera 2 0 . 8

(7.8)
0 . 6

(0.5)
33.3
(3.0)

Simuliidae 0 . 1

(0 .1 )
0 . 2

(0 .2 )
8.3

(2.3)

Trichoptera 1 0 . 6

(5.6)
4.7

(4.7)
7.2

(2 .0 )

Chironomidae
6.4

(1.9)
3.9

(3.8)
1 . 6

(0.4)

Mean weight (e) fSE) Mean % composition by Mean number (SE) % Frequency of
number (SE) occurrence

I 995-fcC 1995»p 1996 I 995Bbe 1995,p 1996 I 995Bbe 1995,p 1996 I 995Bbe 1995,p 1996

JUNE (CONTINUED)

Mottled sculnin >98 mm -  other !continued)

- 0 . 2 0 1 0.103
(0.083)

- 27.3 3.8
(2 .6 )

- 3.0 0 . 2

(0 .1 )
- 1 0 0 . 0 2 2 . 2

- 0 . 0 0 0 0.007
(0.005)

- 0 . 0 1 1 . 0

(6 .6 )
- 0 . 0 0.4

(0 .2 )
- 0 . 0 33.3

- 0.007 0 . 0 1 2

(0 .0 1 2 )
- 9.1 2 . 2

(2 .2 )
- 1 . 0 0 .1

(0 -1 )
- 1 0 0 . 0 1 1 .1

0.007 0 . 0 0 2

(0 .0 0 2 )
- 9.1 1.9

(1.9)
- 1 . 0 0 .1

(0 .1 )
- 1 0 0 . 0 1 1 .1

— 0.013 0 . 0 0 0 - 45.5 0 . 0 - 5.0 0 . 0 - 1 0 0 . 0 0 . 0

~ 0 . 0 0 0 0 . 0 0 0 - 0 . 0 2 . 0

(2 .0 )
- 0 . 0 0 . 2

(0 -2 )
- 0 . 0 1 1 .1

JULY

Mottled sculnin <80 mm

0.013
(0.003)

0.009
(0 .0 0 2 )

0.013
(0 .0 0 1 )

22.4
(4.2)

46.7
(8 .0 )

26.5
(2.4)

- - - 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

0.003
(0 .0 0 1 )

0 . 0 0 0 0.017
(0.003)

17.9
(6.4)

5.0
(3.6)

36.7
(2.9)

1 .8

( 1 .8 )
0 .1

(0 .1 )
2 . 8

(0.4)
53.8 13.3 8 6 .1

0 . 0 0 0 0 . 0 0 0 0.003
(0 .0 0 1 )

0.4
(0.4)

1.3
(1.3)

17.5
(3.3)

0 .1

(0 .1 )
0 .1

(0 .1 )
7.7

(2-4)
7.7 6.7 34.2

0.004
(0.003)

0 . 0 0 0 0 . 0 0 2

(0 .0 0 1 )
6 . 6

(3.5)
3.3

(3.3)
6 . 1

(1.5)
0.5

(0 .2 )
0 .1

(0 .1 )
0.5

(0 .1 )
38.5 6.7 25.3

0 . 0 0 1

(0 .0 0 0 )
0 . 0 0 1

(0 .0 0 1 )
0 . 0 0 0 28.0

(6 .8 )
12.3
(6 .0 )

7.8
( 1 .6 )

3.0
(1.3)

0.7
(0.4)

0 . 8

(0 .2 )
69.2 33.3 36.7

to
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Table B.3. Continued.
Mpan % composition bv Mean weight (g)(SE) Mean % composition hi Mean number (SE) % Frequency

weight (SEi number (SE) occurrence

Food item 1995abc 1995,p 1996 1995*bc 1995"' 1996 1995*bc 1995"' 1996 1995,bc 1995"' 1996 1995"* 1995"' 1996

JULY (CONTINUED)

Mottled sculnin <80 mm -  other !continued)

Other Dipterac 0.0 6.3
(3.8)

1.1
(1.0)

0.000 0.002
(0.002)

0.000 0.0 7.7
(38)

1.1
(0.7)

0.0 0.3
(0.1)

0.0 0.0 26.7 3.8

Tipulidae
4.5

(4-5)
7.8

(6.3)
1.0

(0.6)
0.003

(0.003)
0.003

(0.003)
0.001

(0.000)
3.8

(3.8)
6.7

(5 J )
0.7

(0.5)
0.1

(0.1)
0.5

(0.4)
0.0 7.7 13.3 3.8

Hirudinea
0.0 0.0 0.7

(0.7)
0.000 0.000 0.000 0.0 0.0 0.4

(0.4)
0.0 0.0 0.0 0.0 0.0 1.3

Sphaeridae 0.8
(0.8)

0.0 0.3
(0.2)

0.000 0.000 0.000 1.9
(1.9)

0.0 1.3
(0.7)

0.1
(0.1)

0.0 0.1
(0.0)

7.7 0.0 5.1

Coleoptera
0.0 3.4

(3.4)
0.2

(0.2)
0.000 0.001

(0.001)
0.000 0.0 1.7

(1.7)
0.1

(0.1)
0.0 0.1

(0.1)
0.0 0.0 6.7 1.3

Plecoptera 7.8
(3.4)

0.0 0.2
(0-1)

0.002
(0.001)

0.000 0.000 10.7
(4.0)

0.0 0.9
(0.5)

0.9
(0.4)

0.0 0.0 46.2 0.0 3.8

Amphipoda 0.0 0.0 0.1
(0.1)

0.000 0.000 0.000 0.0 0.0 0.3
(0.3)

0.0 0.0 0.0 0.0 0.0 1.3

Oligochaeta 4.2
(3.5)

26.5
(10.0)

0.0 0.002
(0.002)

0.027
(0.014)

0.000 5.1
(3.5)

13.2
(4.8)

0.0 0.2
(0-1)

0.4
(0.1)

0.0 15.4 40.0 0.0

Gastropoda
1.9

(1-9)
0.0 0.0 0.000 0.000 0.000 1.3

(1.3)
0.0 0.0 0.1

(0.1)
0.0 0.0 7.7 0.0 0.0

Cladocera
0.0 0.1

(0.1)
0.0 0.000 0.000 0.000 0.0 0.8

(0.8)
0.1

(0.1)
0.0 0.1

(0.1)
0.0 0.0 6.7 1.3

Homoptera 0.0 0.6
(0.6)

0.0 0.000 0.000 0.000 0.0 1.3
(1.3)

0.0 0.0 0.1
(0.1)

0.0 0.0 6.7 0.0

Corixidae 0.0 0.0 0.0 0.000 0.000 0.000 0.0 0.0 0.3
(0.3)

0.0 0.0 0.0 0.0 0.0 1.3
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Table B.3. Continued.
Mean %  composition by Mean weight (g) (SE)

weight (SE)

Mean %  composition by Mean number (SE)
number (SE)

%  Frequency of 
occurrence

Food item 1995,bc 1995sp 1996 1995"bc 19955p 1996 1995abc 1995,p 1996 1995,bc I 995Sp 1996 I 99Sabc 1995sp 1996

JULY (CONTINUED)

Mottled scuinin <80 mm -  other fcontinued)

Acari
0.0 0.0 0.0 0.000 0.000 0.000 0.0 0.0 0.4

(0.3)
0.0 0.0 0.0 0.0 0.0 2.5

Copepoda
0.1

(0.1)
0.0 0.0 0.000 0.000 0.000 1.9 0.0

(1.9)
0.0 0.1

(0.1)
0.0 0.0 7.7 0.0 0.0

Mottled scuinin 80 to 98 mm

9 + 2f 21 34

Fish

Arctic grayling
0.0 0.0 0.9

(0.9)
0.000 0.000 0.001

(0.001)
0.0 0.0 0.1

(0.1)
0.0 0.0 0.0 0.0 0.0 2.9 O

Vl

Sucker egg
0.0 2.4

(2.4)
0.0 0.000 0.000 0.000 0.0

Other

3.8
(3.8)

0.2
(0.2)

0.0 0.2
(0-2)

0.0 0.0 4.8 3.8

Unidentifiable
invertebrates

61.9
(10.7)

41.1
(7.5)

50.3
(5.9)

0.011
(0.003)

0.018
(0.005)

0.024
(0.003)

32.9
(9.9)

28.3
(4.6)

33.0
(4.4)

- - - 100.0 100.0 100.0

Ephemeroptera 12.1
(5.5)

8.4
(4.1)

39.4
(5.2)

0.003
(0.001)

0.003
(0.001)

0.046
(0.009)

28.1
(8.7)

9.7
(4.4)

41.9
(4.9)

1.8
(0.6)

0.6
(0.3)

2.3
(0.4)

66.7 23.8 79.4

Trichoptera
1.5

(1.5)
6.0

(3.8)
6.5

(2.7)
0.001

(0.001)
0.002

(0.001)
0.007

(0.003)
0.5

(0.5)
3.8

(1.8)
6.1

(2.0)
0.1

(0.1)
0.2

(0.1)
0.3

(0.1)
11.1 19.0 26.5

Simuliidae 0.0 0.2
(0.2)

1.2
(0.5)

0.000 0.000 0.001
(0.000)

0.0 1.2
(1.2)

9.5
(3.8)

0.0 0.0 2.5
(1.6)

0.0 4.8 17.6

Other Dipterad
0.3

(0.3)
0.0 0.9

(0.6)
0.000 0.000 0.001

(0.000)
0.5

(0.5)
0.0 2.2

(1.3)
0.1

(0.1)
0.0 0.1

(0.1)
11.1 0.0 11.8

Corixidae
0.0 0.0 0.4

(0.4)
0.000 0.000 0.000 0.0 0.0 1.0

(0.7)
0.0 0.0 0.1

(0.0)
0.0 0.0 5.9
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Table B.3. Continued.
Mean % composition by Mean weight (g) (SE) Mean % composition by Mean number (SE) % Frequency of

Food item 1995'"' 1995,p 1996 1995'"' 1995'" 1996 1995*"' 1995,p 1996 1995'"' 1995,p 1996 1995'"' I 9 9 5 Sp 1996

JULY (CONTINUED)

Mottled sciilnin 80 to 98 mm - other (continued)

Chironomidae 5.6 7.8 0.4 0 . 0 0 2 0.007 0.000 25.9 25.6 3.7 2.7 3.7 0.3 66.7 52.4 17.6
(2.3) (48) (0 .2 ) (0 .0 0 1 ) (0.006) (8.4) (6.7) ( 1 . 8 ) (1.7) (2.3) (0 .1 )

Homoptera 0 . 0 0 . 0 0 . 1

(0 .1 )
0.000 0.000 0.000 0 . 0 0 . 0 1.5

(1.5)
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 2.9

Plecoptera 6 .1 5.5 0 . 0 0 . 0 0 1 0.006 0.000 9.9 5.4 0 . 0 0.3 0 . 2 0 . 0 33.3 19.0 0 . 0

(3.4) (4.1) (0 .0 0 0 ) (0.004) (5.8) (2.9) (0 .2 ) (0 .1 )

Oligochaeta 9.6 23.5 0 . 0 0.007 0.075 0.000 1 .6 1 2 . 8 0 . 0 0 .1 0 . 6 0 . 0 1 1 .1 33.3 0 . 0

(9.6) (82) (0.007) (0.038) ( 1 .6 ) (4.7) (0 .1 ) (0 .2 )

Tipulidae 3.0 4.7 0 . 0 0 . 0 0 1 0.008 0.000 0.5 4.3 0.5 0 .1 0 . 2 0 . 0 1 1 .1 14.3 2.9
(3.0) (3-0) (0 .0 0 1 ) (0.006) (0.5) (2.7) (0.5) (0 .1 ) (0 .1 )

Coleoptera 0 . 0 0 . 2

(0 .2 )
0 . 0 0.000 0.000 0.000 0 . 0 3.6

(2 .6 )
0 . 0 0 . 0 0 .1

(0 .1 )
0 . 0 0 . 0 9.5 0 . 0

Acari 0 . 0 0 .1

(0 .1 )
0 . 0 0.000 0.000 0.000 0 . 0 1 . 6

( 1 -6 )
0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 4.8 0 . 0

Amphipoda 0 . 0 0 . 0 0 . 0 0.000 0.000 0.000 0 . 0 0 . 0 0.4
(0.4)

0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 2.9

Mottled sculnin >98 mm

n 6 4 7

Unidentifiable 61.2 81.8 60.6 0.031 0.006 0.029 42.8 64.8 38.9 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0

invertebrates ( 1 1 .0 ) (13.9) ( 1 1 .6 ) (0.025) (0 .0 0 2 ) (0.009) (13.4) (2 2 .0 ) ( 1 1 .0 )

Ephemeroptera 2.4 12.9 28.1 0.000 0.004 0.038 1.5 15.9 29.3 0 . 2 1 .8 1.4 16.7 25.0 57.1
(2.4) (12-9) ( 1 2 -8 ) (0.004) (0.024) (1.5) (15.9) (12-4) (0 .2 ) ( 1 .8 ) (0.7)
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Table B.3. Continued.
Mean %  composition by Mean weight (gl (SE)

weight (SE1
Mean %  composition by 

number (SE) Mean number (SEi %  Frequency of 
occurrence

Food item 1995,bc I 9 9 5 S P 1996 1995"* I 9 9 5 S p 1996 I995Ibc 1995,p 1996 1995.bc I 9 9 5 S P 1996 I 9 9 Sabc 1995,p 1996

JULY (CONTINUED)

Mottled sculnin >98 mm -  other (continued)

Coleoptera 0 . 0 0 . 0 4.6
(3-0)

0.000 0.000 0 . 0 0 1

(0 .0 0 1 )
0 . 0 0 . 0 10.7

(7.4)
0 . 0 0 . 0 0.3

(0 -2 )
0 . 0 0 . 0 28.6

Trichoptera 18.6
(11.7)

0 . 0 3.5
(29)

0.005
(0.004)

0.000 0 . 0 0 1

(0 .0 0 1 )
16.3
(8 .6 )

0 . 0 8.3
(5.5)

0.5
(0 .2 )

0 . 0 0.3
(0 .2 )

50.0 0 . 0 28.6

Physidae 0 . 0 0 . 0 2.3
(2.3)

0.000 0.000 0 . 0 0 1

(0 .0 0 1 )
0 . 0 0 . 0 3.6

(3.6)
0 . 0 0 . 0 0 .1

(0 .1 )
0 . 0 0 . 0 14.3

Other Dipterae 3.9
(39)

0 . 0 0 . 6

(0 .6 )
0.008

(0.008)
0.000 0 . 0 0 1

(0 .0 0 1 )
11.9

(11.9)
0 . 0 2 . 0

(2 -0 )
0 . 8

(0 .8 )
0 . 0 0 .1

(0 .1 )
16.7 0 . 0 14.3

Chironomidae 2 . 6

(2.4)
1.7

(1.7)
0 .1

(0 .1 )
0.000 0 . 0 0 1

(0 .0 0 1 )
0.000 8 . 6

(5.8)
6 . 8

(6 .8 )
3.6

(3.6)
0.5

(0.3)
0 . 8

(0 .8 )
0 .1

(0 .1 )
33.3 25.0 14.3

Simuliidae 0 . 0 0 . 0 0 .1

(0 .1 )
0.000 0.000 0.000 0 . 0 0 . 0 3.6

( 1 9
0 . 0 0 . 0 0 .1

(0 .1 )
0 . 0 0 . 0 14.3

Cladocera 7.1
(7.1)

3.6
(3.6)

0 . 0 0 . 0 0 1

(0 .0 0 1 )
0.000 0.000 1 0 . 6

(1 0 .6 )
12.5

(12.5)
0 . 0 1 .2

(1.2 )
0.3

(0.3)
0 . 0 16.7 25.0 0 . 0

Plecoptera 4.2
(4.2)

0 . 0 0 . 0 0.000 0.000 0.000 8.3
(83)

0 . 0 0 . 0 0 . 2

(0 .2 )
0 . 0 0 . 0 16.7 0 . 0 0 . 0

“Other Diptera include larvae from the families Muscidae and Ptychopterida, and unclassified larvae, pupae, and adults from the order Diptera. 
bOther Diptera include larvae from the family Muscidae, and unclassified pupae and adults from the order Diptera. 
c Other Diptera include larvae from the families Pytchopteridae and Syrphidae and unclassified larvae and adults from the order Diptera. 
d Other Diptera include larvae from the families Pytchopteridae and Tabanidae, and unclassified larvae and adults from the order Diptera. 
e Other Diptera include unclassified adults from the order Diptera.
^Additional empty stomachs not included in calculations.
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