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The Distribution, Habitat and Population Characteristics of
Fluvial Arctic Grayling (Thymalius arcticus) in Montana

Abstract

The only substantial popufation of native stream dwelling Arctie grayling (Thymalius arciicus} in the lower 48 states 1s located
in the upper Big Hole River drainage of Montana. This population, & taxon of special concern, is genetically different from
any other Montana or Wyoming population in allele frequencies at variable loei. It represenis a unigue gene pool which should
be preserved. In 1978 and 1979, Arctic grayling were found in three sections of the Big Hole River and in 1} tributary streams.
Where Arctic grayling were most abundant, the mean water depth (standard deviation) was 28.4 {22.6) cm, mean width was
12,21 {4.92) m, mean velocity was 0.2} £0.15) m/s, and mean water temperature for the period 21 April to | Seplembe:z, 1979
was 13.7 {4.7)° C. In this area, the gradient was 0.29 percent, rubble and gravel comprised 85 percent of the substrate and
tetal shoreline cover was approximately 262 m*km of stream,

Growth rates (mean increment of back-caleulated length} of Arctic gravling within the study area were greatest (118 mm)
during their first year of life and decreased 10 23 mm between the 4th and 5th vear, Arctie grayling reached sexval maturity
at age three at which time they had a back-calevlated length of 275 mm.

The core of the population was confined to the Big Hole River itself or the lower portiens of tributaries above the moyth
of the North Ferk Big Hole River. This baseline information will allow future comparnisons to asssess the population’s statug
and insure that management actions bensficial to the population can be implemented when mecessary. Beeause the range of
this geneticaily distinctive population has dwindled over several decades, it may be endangered and suitable habitat sites should

be identified to which Arctic grayling can be transplanted.

introduction

At the turn of the century in the lower 48 United
States, populations of fluvial Aretic grayling
(Thymallus arcticus) oceurred in northern
Michigan and western Montana east of the con.
tinental divide and in a small portion of the up-
per Missouri River drainage within Yellowstone
National Park, Wyoming. The Michigan form
became extinct around 1936 (Scott and Crossman
1973) and in Moatana, Arctic grayling that were
widely but intermittently distributed in the
Missouri River and its tributaries above the Great
Falls {Vincent 1962, Henshall 1906) are now
found only in the upper Big Hole River and its
tributaries.

The greatly reduced range led to the designa-
tion of the fluvial Aretic grayling of Montana as
a taxon of special concern by the Endangered
Species Committee of the AFS {Deacon et ol
1979). Congern for the continued existence of this
unigue population in the upper Big Hole River
drainage has recently increased. Only small
numbers of Arctic grayling were found in
previous sampling and new biological and

‘The Montans Cooperative Fishery Research Gnit is jointly spon-
sored by the 1.8, Fish & Wildlife Service, Montana Department
of Fish, Wildlife and Parks, and Montans State University.
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physical factors may be impacting the popula-
tion, Brown trout (Salmo trutta) and rainbow
trout (S, gairdneri) may be pioneering the area
and oil exploration has occurred in the drainage.

In this study we examined the distribution,
habitat-use, and population characteristics of the
relict population of stream-dwelling Aretic gray-
ling in the upper Big Hole River to; (1) provide
a database for monitoring the well-being of this
unique gene pool and (2) identify Arctic grayhing
habitat characteristics so suitable areas outside
the present range could be identified as areas for
possible transplants,

Description of Study Area

The study area encompassed the upper Big Hole
River drainage of southwestern Montana and
contains tributaries from the Bitterroot and
Anaconda Ranges and the Pionesr Mountains.
It extended approximately 98 km from the head-
waters of the Big Hole River to Sportsman Park
{Figure 1}. The Big Hole River flows in braided,
meandering channels above Pintlar Creek (Figure
1} but is confined to a single channel by a nar-
row canyon below that point. Grasses, sedges, and
willows were present on the extensively irrigated
iand adjacent 1o the river and conifers also were
present in the riparian zone below Pintlar Creek.
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Figure 1. Map of study area showing locations of study
sections.

A -sagebrush-grassland vegetation type was pres-
ent on the foothills surrounding the tributary
sireams,

The maximum and minimum recorded dis-
charges at a site 15 km upstream of J ackson
(Figure 1) from 1940-1954 was 26.56 m%s and
0.142 m®'s, respectively (Aagaard 1969). During
the first year of the study, the mean discharge
at a site approximately 8 km downstream from
Jackson was 4.4 m’/s between 26 July and 15
September, 1978 (Wells and Rehwinke! 1980).
National Oceanic and Atmospheric Administra-
tion {1977, 1978, and 1979) precipitation records
at Wisdom (Figure 1) and summer flow measure-
ments in 1979 indicate that discharges may have

" been up to 40% lower in 1979 than in 1978

Methods

The distribution of fluvial Aretic grayling in the
upper Big Hole River drainage was determined
from collections made at numerous sites by an-
gling and electrofishing for adults and juveniles;
seining and drift nets were used to sample for
larvae. Four sections on the river (3500-4900 m

in length) and one on its principal tibutary, the
North Fork (2050 m in jengthl, were electrofished
to obtain fish population estimates (Figure 1} In
areas of the river containing multiple channels,
work was confined to the major channel.

Population estimates were caleulated using
Chapman’s modification of the Petersen formula
{Ricker 1973). Weights and total lengths of cap-
tured Arctic graviing were recorded and scales
were taken from an area posterior of the dorsal
fin above the lateral line for age-growth analysis.
Back-calculated lengths of fish at each age were '
determined using Hile’s (1941) modification of
the Menastyrsky method. Predicted and mean
weights at each age were computed using the
logarithmic form of the standard length-weight
relationship equation (Bagenal and Tesch 1978}

Physical habitat features of Sections 1,2, and
3 were measured to correlate with Arctic gray-
ling abundance. The length of each section, pool,
and riffie were measured in the center of the
channel. A pooltiffle periodicity (Leopold and
Langbein 1966) and ratio were calculated for each
section. Pools were defined as areas with reduced
water velocities, smooth surfaces, and maximum
depths = 0.5 m. The remaining portions of the
study sections were designated riffles. Gradients
for each section were estimated using U.S. Geo-
logical Survey topographical maps.

In 1979, 37 transects were established perpen-
dicular to the channel on each section where
physical habitat data was gathered; distances be-
tween the transects on Sections 1-3 were 45, 100,
and 150 m, respectively. Transects were located
only on the upper half of Section 1 since the
lower half was completely dewatered in 1979.
However, the habitat in the upper portion of Sec-
tion 1 appeared to be representative of the en-
tire section. On each transect, water depth was
recorded 1o the nearest 1 cm at intervals of 0.5
m. Veloeities were measured to the nearest 0.003
misec =t 1 m intervals in Sections 1 and 2 and
at 3 m in Section 3 with a Gurley AA current
meter. Discharge in each section was calculated
from measurements of selected transects.

Shoreline or instream cover 1.5 m to each
side of a line tranfect was measured o the
nearest 0.01 m. Shoreline cover was defined as
overhanging brush within 1.0 m of the water sur-
face or debris and undercut banks within 0.6 m
of the water surface. Insiream cover included
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bath aguatic plants and debris. The general con-
dition of banks at each transect was qualitatvely
svaluated as stable or unstable; unstable banks
were defined as those showing recent soil erosion,

Substrate composition was determined by
visuslly estimating the amount of each type of
material along each transect. Bottom materials
were classified after Wentworth (1922) as hedrock
{unbroken, solid rock), boulders {>26.0 cm in
diameter}, rubble (6.4-26.0 cm in diameter), gravel
{20 mm - 6.3 cm in diameter), and fines (< 2.0
mm in diameter).

Water quality analysis at Sections 1, 2, 3, and
5 occurred bimonthly from 16 June-1 September,
1979, Dissolved oxygen concentrations were
determined to the nearest 0.1 mg/l by the azide
modification of the Winkler method (American
Public Heaith Association 1976). Alkalinity and
hardness were determined by titration with preci-
sion to 5 mg’l CaCl03 and the specific electrical
conductance was measured with a Beckman
RB3-S0lu Bridge to the nearest 0.5 gmhos/cm.
The pH was determined in the field with an Orion
model 407 Specific lon Meter {resolution = 0.0
pH units). Water temperature was continually
monitored to the nearest 0.5 C with Ryan model
D-15 thermographs.

Statistical tests were performed according to
methods in Snedecer and Cochran (1967) using
MSUSTAT (Lund 1979} and SPSS (Nie et ql
1973). Values having probabilities of p < 0.05
were termed significantly different.

‘Results

Distribution and Abundance

Arctic grayling were collected at seven locations
on the main river and from 11 tributary streams
{Figure 2). Fry or voung of the vear (voy} were
collected at 14 points, 1 + and older fish at four
iocations and {ry and 1 + and older fish together
at 12 sites. None were observed in Deep, Warm
Springs, johnson or Fishtrap creeks. Johnson
Creek is & tributary of the North Fork Big Hole
River.

The relative abundance of Arctic grayling was
greatest in Section i, The average number of
Arctic grayhing 81-335 mm in total length capiured
per kilometer on each electrofishing run in Sec-
tions 1, 2, and § were 16.9, 5.3, and 4.9, respec-
tively, No Arctic grayling were obtained in Sec-
tions 3 and 4. In Section 1, the number and stand-
ing crop {80 percent confidence intervals) of
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Figure 2. Collection sites of Arctic grayling in the upper Big
Hele River drainage, 197879,

Arctic grayling 251-297 mm in total length were
35 (= 11¥km and 6.7 (= 2.5} kg/km or 28 (£ 9Yhec
and 5.5 {+2) kgihee, resepetively. Population
estimates were not obtained in any other section.

Age, Growth, and Spawning

Back-caleulated lengths and weights of Arctic
grayling from locations throughout the upper Big
Hole River drainage were similar, 50 ail the data
were combined (Tabie 1). Their growth rate was
most rapid the first year and displayed a pro-
nounced decline between the second and third
years, Arctic grayling in the upper Big Hole River
atiained sexual maturity at age three when %helr
back-caleulated length was 275 mm,

The largest number of Arctic grayling cap-
tured were obtained in July and Augusi, 1978;
these 312 fish allowed us to examine the popula-
tion’s size structure. Therdominant age groups
were two and three, comprising 47.1 and 304 per-
cent of the sample, respectively. Young of the
year represented only 7.7 percent of these fish;
however, this is due to bias of sampling gear
which is more efficient capturing age one and
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TABLY 1. Mean total length and weight (standard deviation in parentheses) at time af eapture and calrulated mean total length
|+ and older captured in the vpper Big Hale River drainage

Caleulated lzngth {mm) at age

[ ey SR

i 2 3 4 3

Age Mean total Mean total
Group N length {mm} weight (gm}
1 61 158 76
{20) £23)
2 190G 261 168
(16} 34}
3 . 167 262 231
(19} 145)
4 i2 316 282
22 (56)
3 1 381 431

Mean back-calculated length {mm)
Mean increment of back-calculated length (mm)

Caleulated weight (gm}

[ A S

16

119 22

117 293 275 '

19 230 278 305

150 272 320 356 79

118 222 275 300 379

18 104 52 28 23
27 115 188 247 395

older fish. Age one fish also made up 2 relative
ly low portion of the sample, 12.2 percent. Age
class four was represented by only 8 individuals
(2.6 percent).

Most spawning activity in the Big Hole River
during 1979 occurred in late April and early May.
A total of 146 age 0 Arctic grayling were collected
throughout the upper Big Hole River drainage
from 27 May-27 July, 1979. The mean total length
of voy increased from 12.2 mm during 27-31 May
1o 55.2 mm for the peried 11-15 July. Some fry
apparently Jeft the spawning streams and moved
into the main river shortly after hatching, while
others remained much longer, even in intermit-
tent streams such as Sandhollow Creek {Figure
2). Most yoy Arctic grayling captured moving out
of Sandholiow Creek were pbtained from over-
night drift net sets.

Sympatric species

Eleven species of fish coexisted with Arctic gray-
ling in the study area. Mountain whitefish {(Pro-
sopium williamsoni) and brock trout {Salvelinus
fontinalis) were the most abundant game fish pres-
ent throughout the stady area. Longnose suckers
(Catostomus catostemus), burbot {Lota lota),
mottled sculpin {Cottus bairdi), longnose dace
(Rhinichthys cataractae), rainhow trout {Selmo
gairdneri), cutthroat trout {S. clarki} and rainbow-
cutthroat trout hybrids (S, gairdneri X . clarki}
were also found in the study area, Only one brown

trout (S, trutta) was collected during this study.
Brook, rainbow and brown trout are introduced
species in Montana. Also, mountain {C. platyrhyn-
chus} and white suckers (€. eommersoni) have
been reported to inhabit the area {(Wells and
Rehwinkel 1980), but none were observed dur-
ing this investigation.

Habitat Characteristics

Stream Morphology and Cover

Morphological measurements made on Sections
1.3 showed that mean, pool, and riffle width in-
creased in a downstream direction {Table 2).
Analysis of variance showed significant dif-
ferences in some habitat parameters between the
sections. Comparison of sample means (€} test;
P < (.05} showed that Section 1, with the greatest
density of Arctic grayling, was significantly nar-
rower than Section 3, significantly shallower than
Sections 2 and 3, and had a significantly slower
mean thalweg veloeity than Section 2. Also, the
percentage of stable banks and the poolriffle
periodicity were lower than in the two down-
stream sections. The pool-riffle ratio was greatest
in Section 1 and decreased in a downstream
direction throughdhe study sections, as did the
gradient. The composition of bottom materials
in all three sections were similar, consisting
primarily of rubble and gravel, The ares of
shoreline and instream cover per kilometer in
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TABLE 20 Mean values and standard deviations (in paren-
ol physical habitat parameters measured
io siudy sections on the upper Big Hale River he-

tween 16 july and 20 August, 1979,

theses

Section
Parameler 1 7 3
Width (m} 12.214.82) 15.955.02) 48091475
Riffle width {m) 10.83(4.77) 12.6205.45)  51.50(15.81)
Pool width (m) 8.93(5.23) 13.4X5.30F  40.00(7.60
Thalweg depth :

{em) 54.7(24.0} 7730335 HLEZ2.0)
Depth {om) 28.422.6) 39.7(30.68)  37.3(23.1)
Thalweg veloc

ity (m/s} 0.270.18) 0.42(0.28: 0320015
Veloeity (mfs) §.2140.15] £4.33(0.25) C.2HG.15)
Stable banks (%) 70.35.0) 78.44.8) 93.2(2.%
Poalriffie

periodicity 6.3(4.2} T.24.5) 11.6(7.6}
Poolriffie ratio 1.51 1,29 827
Gradient (%) 0.29 0.23 [HAE]

Fiow (m¥s} 0,68 247 3.90
Bottorn materials {5}

Boulders 0.%3.5) 0.0 G.3(0.8)

Rubbte 41.5(19.8) 38.8(142)  514{15.6)

Gravel 42.616.2) 393129 330113

Fines 14.8017.7) 21.920.3) 15.515.5;
Skoreline cover

{m¥km} 261.4 456.2 84
Instream cover

{m*/km} 310 92.8 0.8

Section } was 57 and 55 percent of those respec-
tive features in Section 2. Both shoreline and in-
stream cover were virtually absent in Section 3.

Water Temperature and Quality

Analysis of variance on water temperatures of
Seetions 1-3 showed significant differences. The
mean water temperature (Table 3) in Section 1
was similar to that in Section 2, but significant-
Iy lower than in Section 3 {( test: P < (.05). Mean
water temperatures in Sections | and Z were also
significantly lower than in Section § for com-
parable periods of time (@ test; P <0.05), The
recorded number of hours water temperatures ex-
ceeded 17° C was similar in both Sections 1 (895)
and 2 {727}, and was significantly lower than in
Section 3 (1342) for comparable periods of time
(Chi square; P<0.05). More hours of water
terperatures zbove 17° C were recorded in July
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than any other month. During this nonth,
temperatures were abose 177 G about 60, 6, and
83 percent of the time on Sections 1, 2, and 3,
respectively,

There were no significant differences among
other parameters {rom any section on the main
river {Table 3} The water 1n the upper Big Hele
Biver was soft, ils pH was neariy neutral, it had
a fairly low capacity 1o neutralize acids and had
a low electrical conductance. Mean values of
dissolved oxvgen were similar throughout the
study area. Each individual value was abave 85
percent and mean values were all > 100 percent
saturation. Data from Section 5 on the North
Fork showed that the principal tributary had
lower mean alkaiinity, hardness and conductiv-
ity values than the main river.

Discussion

Virtually all of the fluvial Arctie gravling col-
lected during this study were {from locations in
the Big Hole River itself or from sites in
iributaries near the river. The only Arctic gray-
ling found far upsiream in tributaries were in
Miner and Mussighrod creeks. They were cap-
tured upstream and dewnsiream, respectively,
from lacustrine populations and probably do not
represent portions of the fluvial population. Fur-
thermore, the core of the Arctic grayling popula-
tion was located in the drainage above the mouth
of the North Fork Big Hole River. Twelve col-
lecticns ({excluding those from Miner and
Mussighrod ereeks) were made in this area, while
only four eollections were made below this point.
However, in previous years, Arctic grayling have
also been found at sites below the North Fork
{(Peterson 1974, Wells and Rehwinkel 1980) and
individuals have appeared as far as 85 km
downstream from the study area. {J. Wells, Mon-
tana Department of Fish, Wildlife and Parks,
Bozeman, MT, personal communication).

The relative abundance of Arctic grayling
also was greater upstream from the mouth of the
North Fork. In this study, densities ahove the
North Fork were about 5-17 fish/km per electro-
fishing run, while those bejow were O fish/km in
the study area and (.6-2.8 Arctic grayling per
electrofishing run/km in other surveys (Peterson

1974, Wells and Rehwinkel 1980),

Summer water temperatures may be an im-
portant limiting factor for Arctic grayling in the
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TARLE 3. Mean and ranges (in parertheses) of water quality parameters and temperatures from study sections on the upper

Big Hole River, 21 April-l September, 1979

S(’(‘“‘“—l
Parameter i 2 3 3
Temperature (*C} 137 36 15.2 18.0°
{0243 {1-25) £2.253 (12.5-23)
Total atkalinity {mg/l CaClyg) 51 51 56 37
{35603 (40-60) (35.70 {30-40)
Total Wardness {mg'l CaCOsi 43 41 36 26
(40-50) {40-50) {30-45) {13-30)
Caleium hardness {mgl CaCly) 12 34 A0 w2
{2540 (3040} {2640 (15-20)
M&gnesium hardness (mg/l CaCOy) Il 7 & 3
(G-20) {0-10) (G-310} (G-10%
pH 744 7.38 7.56 7.24
(7.22-7.64) {6.78-7.80 {7.26-7.72) {7.04-7.38}
Conductivity {umhos/em) 94.1 1003 165.8 7.7
(50-1209) {32.5-120% {52.3-140) {55-90)
Dhissolved oxygen (mg'l} 8.7 87 8.8 8.8
(7.7-10.2) {7.6-10.3} (6.5-11.61 {7.9-10.9)

*Based on data cellected from 23 Jume-Z5 August, 1979,

river downstream of the North Fork. Although
the thermal tolerance of Arctic grayling is not
precisely known, Vincent (1962) reported that the
range of temperature tolerance for Arctic gray-
ling was ustally between 10 and 18.3° C. Further-
more, water temperatures of 17 © C and above
exceed the physiological optimum for growth and
food conversion efficiency of salmonids (Brett et
al, 1969, Wurtsbaugh and Davis 1977). The high
summer waier temperatures measured in the
lower portion of the study area may have been
largely responsible for the absence of adult Arctic
grayling there during this study.

Arctic grayling in the upper Big Hole draip-
age underwent rapid growth during the first two
vears of life with a large reduction between the
second and third, which was similar to that of
Aretic grayling from the Red Rock drainage
(Nelson 1954). However, their growth rates were
less than those in two other Montana streams out-
side the Big Hole drainage (Peters 1964). The
minimum age and back-calculated length at sex-
ual maturity for individuals found during this
study was three years and 275 mm, respectively.
In other Montana pepulations, & few individuals
have been reported to mature at age two {Lund
1974, Peterman 1972, Nelson 1954, Brown 1938}
while in the northern pertion of their range,

Arctic graviing usually reach sexual maturity be-
tween age four and six (Bishop 1971, Wojcik
1955). The minimum length at maturity was
similar to the 270 mm length suggested by Wo-
jeik (1955) for Alaskan Arctic grayling.

Reverse Lee’s phenomenon is present in the
back-calculated lengths, Older fish have a larger
caleulated iength for a given age than younger
fish at the same age. Possible causes of this in-
elude incorrect back-calculation or scale reading
progedures, non-random sampling of the stock,
and selective natural mortality that affects
smaller fish in a particular age group more. Such
patural mortality may result from either in-
terspecific or intraspecific competition.

Management Applications

The data obtained on the distribution, relative
zhundance, and biological parameters of Arctie
grayling in the upper Big Hole River provide
baseline information for future comparisons. Any
significant and persistent decrease in range,
relative numbers, growth rates or increase in age
at sexual maturity should be a stimulus for ad-
ditional and immediate management action on
this population, which has been determined to
be genetically different than any other Montana
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ar Wyoming population sampled {0 date mn allele
frequencies at variabie locil (Everett and Allen-

dorf 1985}

(ne of the most pressing management acr
tions needed to be addressed is the identifica-
tion of suitable habitat sites cutside the Big Hole
River for transplants from this unigue popula-
tion. In that portion of the river where Arctic
grayling were most abundant, the mean depth
{standard deviation} was 28.4 (22 6} cm, mean
width was 12.21 {(4.92) m, mean velocity was .21
{0.15) m/s, mean water temperature for the period
21 Aprii to 1 September, 1979 was 13.7° C, and
the maximum water temperature was 24° C. In
this area, the gradient was .29 percent, rubble
and gravel comprised 85 percent of the substrate
and total shoreline cover was approximately 261
m*km of stream. Transplant sites having similar
physical habitat characteristies to these should
be sought, while areas more like Section 3 should
be considered less desirable. However, since yoy
Arctic grayling were found in the river near Sec-
tion 3, is should be considered suizable habitat
for use at some point in their life history.
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