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Abstract:

The distribution and habitat requirements of the stream-dwelling Arctic grayling in the upper Big Hole
River drainage were studied in 1978 and 1979. Study section's 1-4 were established on the upper Big
Hole River and Section 5 on its principle tributary, the North Fork of the Big Hole. Arctic grayling
were found in Sections 1 and 2 and in 11 tributary streams, including the North Fork, in the study area.

The number of Arctic grayling captured per electrofishing run per kilometer in Sections 1, 2 and 5 were
16.9, 5.3 and 4.9, respectively. Population and standing crop estimates of Arctic grayling were 35/km
and 6.7kg/km for the size range 25.1-29.7 cm in Section 1. The number of hours water temperatures
exceeded 17 C on Sections 1 and 2 in 1979 were significantly lower than Sections 3 and 5 during
comparable periods of time. The mean depth of Section 1, where densities of Arctic grayling were
greatest, was 28.4 cm (+22.6), mean width was 12.21 m (£4.92), mean velocity was 0.21 m/s (£0.15)
and the gradient was 0.29%. Suitable spawning substrate was present and aquatic vegetation was
abundant. The mean depth of Section 2 was 39.7 cm (+30.6), mean width was 15,95 m (£5.02), mean
velocity was 0.33 m/s (+0.23) and the gradient was 0.23%. The mean depth of Section 3 was 37.3 cm
(£23.1), mean width was 48.09 m (+14.75), mean velocity was 0.21 m/s (£0.15) and the gradient was
0.11%. The growth rate of Arctic grayling in the upper Big Hole River drainage was less than in six
other populations. Arctic grayling in the Big Hole River reached sexual maturity at age III at which
time they had a back-calculated length of 27.5 cm.
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ABSTRACT

The distribution and habitat requirements of the stream-dwelling
Arctic grayling in- the upper Big Hole River drainage were studied in
1978 and 1979. Study sections 1-4 were established on the upper Big
Hole River and Section. 5 on its principle tributary, the North Fork of
the Big Hole. Arctic grayling were found in Sections 1 and 2 and in
11 tributary streams, including the North Fork, in the study area.

The number of Arctic grayling captured per electrofishing run per
kilometer in Sections 1, 2 and 5 were 16.9, 5.3 and 4.9, respectively.
Population and standing crop estimates of Arctic grayling were 35/km
and 6.7kg/km for the size range 25,1-29,7. cm in Section 1. The number
of hours water temperatures exceeded 17 C on Sections 1l-and 2 in 1979
were significantly lower than Sections 3 and 5 during comparable
periods of time. The mean depth of Section 1, where densitiés of
Arctic grayling were greatest, was 28.4 cm (22.6), mean width was
12.21 m (%4.92), mean velocity was 0.21.m/s .(¥+0.15) and the gradient
was 0.297. Suitable spawning substrate was present and aquatic
vegetation was abundant. The mean depth of Section 2 was 39.7 cm
(+30.6), mean width was 15,95 m (+5.02), mean velocity was 0.33 m/s
(£0.23) and the gradient was 0.23%. The mean depth of Section 3 was
37.3 cm (#23.1), mean width was 48.09 m (+14.75), mean velocity was
0.21 m/s (+0.15) and the gradient was 0.11%. The growth rate of
Arctic grayling in the upper Big Hole River drainage was less than in
six other populations. Arctic grayling in the Big Hole River reached
sexual maturity at age III at which time they had a back—calculated
length of 27.5 cm.




INTRODUCTION

_Arctic grayling ('ThymtzZZus arcticus) were .once widely, but inter-
mittently distributed in the Missouri River and its tributaries above
the Great Falls in Montana (Vincent, 1962; Henshall 1906) . Today, .
the only substantial population of stream—dwelling Arctic grayling in
Montana is found in the upper Big Hole River and its tributaries This
remnant'popuiation of Arctic grayling contains only fish native to
"Montana. However, Arctic grayling from stocks originating‘elsewbere :
in Montana Were pianted in the upper Big Hole River trom‘l937—1962
(Mont., Dept. of Fish, Wildlife and Parks files).

Cencern for the continued‘well—being of this unique population‘of
stream~-dwelling Arctic.grayling in the-upper'Big'Hole River drainage
has recently increased. Only snall numbers of Arctic grayling have
been found in previbu5~sampling of the river and they may soon be.
subjected to additional biological and physicallimpacts. Brown trbut
(Salmo trutta) are believed to be pioneering the area and oil explora-
tion is underway in the drainage. |

The purpose of this study was to determine the distribution,
relative abundance and habitat requirements of the stream-dwelling
Arctic grayling in the -upper Big Hole River. Field wbrk was conducted

from June to September. in 1978 and from April to September in 1979.




DESCRIPTION OF STUDY AREA

The ubper Big Hole River drainage is located in southwestern
Montana in Beaverhead, Deer Lodge and Silver Bow counties. It exténds
from the Bitterroot Mountains south of Jackson to Dividé. It receives
tributaries from the Bittefroot Range on the west, the Anacondg Range
on the north and_the Pioneer Mountains on the east. The area of the
Big Hole River drainageais'approximétely 7,175 km2 (Heaton, 1960).

The étudy.area extended over approximately 90 km from the head-
waters of the upper Big Hole River to Sportsman Park (Figure 1). |
Upstream from Pintlar Creek (Figufe 1), the Big Hole River lay in.
several braided, meandering channels. Below Pintlar Creek the river
was confined to a single channel in a narrow.canyon. A sagebrush-
grassland vegetation type was present on the foothills.sufrounding
the tributary streams but the land adjaceqt the river in thé study
"area was extensivély‘irrigated for the production of hay. The riparian
vegetation.in the study area was primarily grasses, sedges and willows.
Some conifers were present on the river below Pintlar Creek.

The average annual discharge of the upper Big Hole River at a
site 14.5 km southwest of Jackson was 1069 m3 from 1940—1954 (MDNRC,
1979). The maximum recorded discharge was 26,56 m3/s and the minimum
flow was 0.142 m3/s (Aagaard, 1969). The mean discharge at a site
approximatély 8 km north of Jackson, Montana was 4.4 m3/$ between.July

26 and September 15, 1978 (Wells and Rehwinkel, 1980).
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Five sections were established for detailed study (Figure 1).
The legal description and lengths of each section is given in Appendix

Table 8.




METﬁODS

The distribution of Arétié‘gfayligglin the upper Big Hole River.
drainage was determined from coliection% ﬁade by angling, electro-
fishing, drift nets and seines. Five sections of the river were
electrofished for estimates of fiéh populations. Population estimates
were calculated using Chapman's modificatioﬁ of thé Petersen formula
(Ricker; 1975). | |

The physico-chemical param;ters of-the water at stations on
Sections 1, 2, 3 and 5 were measured at least every 15‘déy§ frog mid-
June fo'early September in 1979. Concentrations of dissolved- oxygen
were determined usinglthe azide modification of the W;nkler method
(APHA, 1976). Alkalinity and hardness were detefmined by titrafion;
Conduc;ivity was measured with a Beckman RBSfSolu Br;dge. The pH was
determined in the field with an Orion model 407 Speéific Ién Meter.
Temperatures were recorded with Ryan model D—lS'thgrmograpﬁs. Watér.
temperatures at Sections 1, 2 ‘and 3 wefehcqntinual}y reéorded from
April 21 to September 1, 1979~and'on Séc;ioh 5 from iuﬁe 23 to August
25, 1979. Water temperature analysis was'perfofmed uéiﬁg.TEMP; a
computer program developéd by Dr. D. E. Burkhalter.-

Selected parameters of thé physical -habitat in Sections 1, 2 and

were measured for correlation with the-populations of Arctic grayling

in fhese sections. TIn areas containing braided channels, only the

major‘channellwas habitat-typed and electrofished. The Iéhgth of each

" section was measured down the center of the channel. The length of
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each pool and riffle was recorde& and a pool-riffle periodicity and
ratio calculated. .The pool-riffle peripdicity is the mean distaﬁce
between riffles in terms of mean stream wi&ths for .the section
(Leopold énd Lanébein, 1966). Poéls ﬁére defined as areas with
reduced watgr-velocities i@ whicﬂ the surfacé was ‘smooth and had
maximum depths equal t6 or greater than 0.5 m. Riffles were defined‘.
as all areas nét &esignated to be poéls.’

Thirty—seven transects or samble pointé‘were éstabliéhed perpen-
diculqr to the channel oﬁ each section; IThevdistances'between the
transects on Seétions 1, 2 gnd 3 were 45, 100 and 150 m, respectively.
: Tfansécts were located_only on fhe.upper half of Section 1 because the
lower half of the section was completely dewatered in 1979. However,
the habitat in éhe upper portion of Section 1 appeafed to be'rgpré—
sentative of the entire section. Velocities were measured at 0.6 of
the depth below the surface with a Gurley AA current meter. Measuréj
ments were made'at intervals of 1 m across each transect in Sectién 1
and-2 and at evérf 3 m‘in Section 3. ﬁater depth was recorded to the
nearest centimeter at intervals of 0.5 m on each transect. Tﬁalweg
depth and Qelocity was measufed on each transect. Discharges were
calculated from the point velocities and depths of selected.transects;
The lenéth ﬁf each tramnsect wés'dividéd into length in pool and length
in riffle. The -gradient for each section was obtained frém USGS |

topographilcal mabs.
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Shoreline covef Within 1.5 m of either side of.the'transect was
measured. The area-of 6verhanging brush within 1.0 m of the surface
of the water was measufed. Debris ;ﬁd undercut banks within 0.6 m of
the water surface were ﬁeaéured. Thé érea of aqua;ic plants and the
area of instfeam cover provided by deBris within 1.5 m of each side
of the transect were measured also°' |

The compositiép of the bottom materials in each section was deter-
mined by estimating the length_of each type of material élong each
transect. The bottom matérials weré classified after Wentworth (1922)
as bedrock (unbroken; solid rock), boulders (>26 cm in diameter),
rubble (6.4-26 cm in diaﬁeter), gravel (2 mm~6.3 cm in diameter) and
fines (<2 mm in diameter).

The general cbndition of the banks at the end of each transect
was qualitatively evaluéted as stable or unstable. An unstable bank
‘was defined as one exhibiting evidence of recent soil erosion or
sloughing.

Mean values for water vélocities, waéer depths, thalweg velocities
and dépths,'pool widthé, riffle widthé and bottom materials were cal-
culated for each section. A mean value also was calculatea for each
physico—chemicél paraméfer on each sectiop.

fhe variance of the standing crop estimates were calculated using

the equation (Gérking, 1967):
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V(B) = V(wN) = Erzv(N) + NZV(G) + 2wNcov(w,N)

where V(B) = variance of standiné Crop,
w = mean wéight of sample,
V(w) = variance of the mean weight,
. N = populatioﬁ_égfiﬁgte and
V(N) = variance of the population estimate.

Fulton's condition factor was computed using the formula (Bagenal

and Tesch, 1978):

% - EQQEE
1
where K = condition fac?or,
w =’t6ta1 weight and éfy
1 = total length. (QWO'

The total length-weight relationship was determined for Arctic

grayling using the equation (Bégenal and Tesch, 1978):

log W = log a + b(log L)
where W = total weight,
L = total length -

and a and b are constants.
The Monastyrsky method modified by Hile (1941) was used to back-
calculate lengths at age of fish with the equation whiéh adjusted for

allometry: 
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log Ln = log L + b(log Sn - log S)

where L
n

L =

b =

total length of fish at age n,
total length of fish,

regression coefficient of logarithmic scale.

" radius-total body length regression,

g =
n
S =
The FIRE 1 computer

growth-dataf

anterior scale radius at annulus n and:
total anterior scale radius.

pfogram (Hesse, 1977) was used to analyze age and

Statistical tests were performed according to methods in Snedecor

and Cochran (1967) using MSUSTAT (Lund, 1979) and SPSS (Nie et. al.,

1975). Significant differences were those in which the probability

of obtaining the same results by chance was less than 0.05.




RESULTS
Population Characteristics

Distribution-of"Afctidlgraylihé

Arctic grayling were collected from seven locations on the upper
Big Hole River and from 11 tributary streams including a collection
from Francis Creek by J. Decker-Hess and that from LaMarche Creék by E.
Vyse (Figure 2). Age 0 Arctic grayling were collected from all of
these sites on the river and from seven tributary streams. Age I+ or
older fish were'found ét two locations on the river and in ten tribu-
taries. Both age 0 and age I+ or older Arctic.grayling were collected
at two locations on the river and in six tributary streams, The Arctic
grayling found in tribﬁtéries were taken near the mouths of the streams
except in Miner and Mussigbrod creeks; where they were c;ptured':
upstream and downstream, respectively, from lakes containing popula-
tions.

Aithough Arctic grayling afe mosf abundant near the headwaters in
the upper Big Hole Basin, individuals have been found further down-
stream. Arctic grayling were cap;qred by personnel of the Montana
Departmeﬁt.of Fish, Wildlife and Parks in an electrofishing sectioq
"that included Section 4 of the present study (Peterson, 1974) and in a.

section near Bryant Creek (Wells and Rehwinkel, 1980). The farthest

downsfeam Arctic grayling are known to be found is Melrose, Montana

(J. Wells and V. Kozakiewicz, persdnal communication).
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Arctic grayling were not foond in Deep, Warm Springs,‘Johnson
and Fishtrap creeks, aithough these'streams appear to contain suitable
habitat. Wipperman (1565 and 1967) reported finding adults in Deep
Creek. The presence and absence of Arctic grayling in nearby tribu-
taries of the same stream may be due to their specific habitat require—

ments (Willard and Herman, 1977)

Relative Abundance an& Standing Crop

The numbers and sizes of Aretic grayling captured by‘electrofish—
ing in each study section are shown in Appendix Table 9. The numbers
of Arctic graylinngere largest in Section 1 and orogressively_declihed
in dowvmstream study seet;ons. fhe average number of Arctic_grayiing
captured per eleetrofishing run per kilometer in Sections 1, 2 and 5
were 16,9, 5.3 and 4.9, respectively. All were taken in sections
above the mouth of the North Fork of the Big Hole River. however, 11
underyearlings 2, 7 cm or less in total length were collected by seining‘
below the confluence of the North Fork of the Big Hole River with the
main river (Figure 2) Below the North Fork of the ‘Big Hole River,
personnel of the Montana Department of Fish, Wildlife and Parks found
2.8 Arctic grayling per electrofishing run per kilometer in the main
river near Fishtrap Creek (Peterson, 1974) and 0.6 Arctic grayling per
run per kilometer near Bryant Creek (Wells and Rehwinkel,_1980). The
estimates of the number and standing crop of Arctic greyling in

. Section 1 are shown in Table 1.
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Table 1, Estimates 6f population number and standing'crop of Arctic
’ grayling on Section 1 of the upper Big Hole River during
1978 (80% confidence intervals are in parentheses).

i . -Per km ' ' Per hectare

Size Standing crop Standing crop
Section range (cm) N L (kg) ' N (kg)
1 25.1-29.7 35 6.7 28 5.5

(24-46) (4.2-9.2) (19-37) (3.5-7.5)

Sympafric Species ‘

Eleven species.of fish coexist with Arqtié gréyling in the study
area, Mountain whitefish (Prosopium wiZZiamséni) and_bréok trout
(Salvelinus fontinalis) were the most abundant game fisﬁ present through-
out the study area. Longnose suckers (Catostomus catostomus), burbot
(Lota lota), méttled sculpin (Cottus bairdi) and longnose dace
(Rhinichthys cataractae) were common over the entire study area.
Rainbow trout (Salmo gairdneri), cutthroat trout (Salmo clarki) and
_ rainbow—cut@hroat trout hybrids (S. gairdneri X S. clarki) were limited
in distribution in the study area. Only one brown trout (Salmo
trutta) was observed during this study; it .was electrofished on
Section 4_near tﬁe mouth of LaMarche Creek. However, eight brown
trout were captured approximately 10.4 km.downstream from the study
area by petsonnel of the Montana Department of Fish, Wildlife and‘

Parks (Wells and Rehwinkel, 1980). Mountain suckers (Catostomus
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platyrhynchus) and white suékers (Catostomus commeréoni) .hav_e been
collected in the study area (Wells and Rehwinkel, 1980), but none were
noted in this study. The estimated numbers and standing crop of brook

trout on Seétions 1'and 2 are presented in Appendix Table 10.

Age and Growth

A total of 47; scale sambles were collected in the Big Hole River
drainage of which 337 were obtained in Sections i, 2 and 5. The mean
total length and weight at time of capture and calculated mean'total
length and weight at each annulus for the 314 fish aged.I year or
older from Sgctions l,'2 aﬁd 5 are presented in Appendix Table_llf
The calculated lengths and weights for fish of the samé age from all
sections were similar; the maximum ;nd‘minimum mean back-calculated
lengths and weights néver diffefed'more than 0.9 cm and 28 gm,
respectively. -So, the data froﬁ the 431 fish age i-pr older collected
in the upfer Big Hole River drainage were pooled (Table 2).

The equations used in the calculations are given in Appendix
'Table 12, Although the correlation coefficients of the standard
scale radius-body length relationship were 0.91 or greater, the
1ogarithmic scale radius-body iength relationship was used in the
back~calculation of lengths because its predictive value was even

greater,




Table 2. - Mean total length and weight (standard deviation in parentheses) at time of

capture and calculated mean total length and weight at each annulus for all

- Arctic grayling captured in the upper Big Hole River drainage in 1978 and 1979.

Age Mean total Mean total _Calculated length (cm) at each age
Group N length(cm) weight (gm) -1 2 3 4 5
I " 61 " 19.8 76 11,6
(x2.0) . (£23)
IT 1190 26.1 . 168 11,9 22.1
(£1.6) (£34)
II1 167 ._ 29.2 - 231 . 11.7 22.3 27.5"
(*1.9) (£45)
IV 12 31.6 282 11.9 23.0 27.8 30.5
(¥2.2) . (£56)
\'J -1 38.1 431 15.0 27.2 32.0 35.6 37.9
- Mean back-calculated length (cm) _ 118 - 22.2.  27.5  30.9_  37.9
MEan:increment of back-calculated length (cm) 11.8 10.4 5.2 2.8 2.3
Calculated weight (gm) 26.7 114.8 188.3 246.5 395.1
1

ST
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The Arctic grayling fﬁom the upper Big Hole River drainage grew
most rapidly in the first year and showed a pronounced decline of the
growth rate between the second and third yearé (Tgble 2). Arctic gray-
ling from the Red Rock‘drainage (Nélson, 1954) displayed the same
pattern of growth, however Arctic grayling in Hyalite Reservoilr grew
most rapidl& in their second year of life (Wells, 1976). The growth
curves, of Arctic grayling in:the.upper-Big Héle River drainage, two
Montana streams notlin the Bié Hole Riverldréinage where Arctic gray- '
ling were collected in the 1950's and three Alaskan riveré are éompared
,in Figure 3. The growth rate of Arctic grayling from the uppef Big
Hole River drainage was less than in the other Montana streams but
greater than in the Alaskan rivers. The growth rate of Arctic gray-
1ing'in the upper Big Hole River was less than in Hyalite Reservoir
(Wells, 1976), Elk Lake (Lund, 1974), Grebe Lake.(Kruse, 1959), and
the Red Rock drainage (Nelson, 1954) but greater than Peterman (1972)
found in Lake Agnes. The growth rate of Arctic grayling in the upper
Big Hole River closely résembled that of the speciés in Canadian
lakeé (Ward, 1951; Miller, 1946). . |
Arctic érayling in the upper Big Hole River attained sexual

maturity at aéé IIi. However, Lund (1974), Peterman (1972), Nelson
(1954) and Brown (1938) have reported tha; a few individuals in
Montana matured at age II. In ;he northern portion of their range,

~ Arctic grayling usually reach sexual maturity between age IV and VI .
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(Bishop, 1971; Wojcik, 1955). Wojcik (1955) believed that Arctic gray-
ling could not become sexually mature at lengths of less than 27 cm.
" Fish in the Big Hole River population which reached_sexual maturity at
age III had a back-calculated length of 27.5 cm (Téble 2).

The oldest fish collected from the Big Hole River was estimated
to be 5 years of age. In Montana, Nelson (1954, found an individual
10 years old in Lower Twin Lakes, but Lund <l974), Peterman (1972),
Nelson (1954) and Brown (1943) reported that the oldest Arctic grayling
found in other populations were 6 or.7 years of age. The oldest
A#ctic grayling in North America are found in the northérn-portions
of their range. Bishop (1971) reported ll-year-old fish frbm a tribu-
tary of the MacKeﬁzie River and Reed (1964) collected 18 Arctic gray-
iing 8 years old in Alaska. |

A tétgl of 146 age 0 Arctic grayling were collected throughdut
the upper Big Hole River drainage frqg Ma& 27-July 27, 1979 (Appendix
Table 13);'.The mean total 1engtﬁs of fry from the Big Hole draingge .
collected during June 24-30 and>July 22-28 were 94% and 287% éreater,
respectiveiy, than for fry from Narrows Creek (Lund, 1974) during the
same periods in 1972 and 1973. Ihe smaller length of fry in Narrows
Creek Wés probably due to the igter spawning time there. The peak of
spawning acfivity”in Narrows Creek Qas between May 28 and June 7 in .
1972 and 1973, while most spawning activity in the Bié'Hole River during

1979 occurred in late April and early May.
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Some fry appeared tg leave the spawning stream quiqkly and moved
into the main river from May 27-29, 1979 while others remained in
Sandhollow Creek much longer (Appendix Table 13). The fry that left
Sandhollow Creek in May were about the same size as newly hatched fry
(Watling and Brown, 1955), Most 6? fhé age 0 Arctic grayling capturea
moving from ‘Sandhollow Creek were obtained from overnight sets of
drift nets. Wells (1976) and-Lund (1974) reported that most Arctic
grayling fry moveﬁept occurred between evening and morning. Kruse
(1959) determined Ehat the greatest downstream movemenf occurred from
7:30 to 10:30 P.M. |

Thé smaliest Arctic grayling with scales found in this study was
39 mm in total length. It was taken on July 5, 1979, The smallest
fingerlings that Brown (1943) and Nelson (19545.found with scales were

35.5 and 45 mm, respectiﬁely.

Condition Factors

The mean condition factors (K) of Arctic grayling 17.5-31.6 cm in
total length from Sections 1, 2 and 5 are preéentéa in Table 3. Anal-
ysis of v;riance indicated that the'céndition factor of fish collected
from Section 1 during May was significantly less (f§0.05) than from
those collected there in later months of 1975. fhe lower condition
factor of Arctic grayling taken in May was probably because the sémple

contained spawned-out individuals.
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Table -3. Mean condition factors (K) and standard deviations (in -paren—
" theses) of Arctic grayling 17.5-31.6 cm in total length from .
study sections 1, 2 and 5 on the upper Big Hole River in 1978

and 1979.
Section . Date . N K
1 o 5/79 . 39 0.90(+0.07)
1 "~ 6/78-8/78 . 155 '~ 0.96(0.06)
2 | 7/78-8/78 65 0.95(£0.08)
5 ' , 8/79 10 0.97(+0.11)

Regressioné of length and condition factor for collections of
Arctic grayling 8.1-38.1 cm in total length from Sections 1 and 2 are
shown .in Figure 4. These regressions had 1itt;é predictive value, but

both were significantly different from each other and also from zero

(F tests; P<0.05). The slope of the regression for fish in Section

2 indicates smaller fish were in relatively bettér condition than
larger fish while the opposite was true for fish from Section 1. The
slopes of the regreséions for fish from Section 1 in May and Section

5 were not significantly different from zero (F test; p<0.05).
Chéracteyistics of Habitat

Stream Morphology and Cover

Selected parameters of the phyéical habitat were measured between

July 16 and August 20, 1979 when mean discﬁarges were 0.68, 2.07 and
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Figure 4. Length-condition regressions of Arctic grayling 8.1-38.1
cm in total length in Sections 1 and 2 in the upper Big

Hole River during 1978 and 1979.
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3.50 m3/s at Sections 1, 2 and 3, respectively. The measurements of
morphological parameters are shown in Table 4 and the sample size of
each parameter is shown in Appendix Table 14. The mean width, pool
width and riffle width increased in a downstream direction. Analysis
of variance showed significant differences in some parameters between
the sections. Comparison of sample means (Q-test; P<0.05) showed the
mean width and the mean riffle width of Section 3 were significantly
greater than in Sections 1 and 2. The mean pool width was signifi-
cantly greater in each downstream section. The mean depth in each
section was significantly different. The mean depth was least in
Section 1 and greatest in Section 2. The mean thalweg depth and the
mean velocity of Section 2 were significantly greater than in other
sections. The mean thalweg velocity of Section 2 was significantly
greater than that of Section 1. The percentage of stable banks and
the pool-riffle periodicity increased in each downstream section. The
pool-riffle periodicity of Section 3 was significantly greater than
that of Section 1. The pool-riffle ratio was greatest in Section 1
and decreased in a downstream direction through the study sections,
as did the gradient. The proportion of rubble substrate in Section 3
was significantly greater than in Sections 1 and 2. The amount of
gravel in Section 1 was significantly greater than in Section 3.

The area of shoreline cover in the study sections is shown in

Table 5. The total shoreline cover per 500 m measured in Section 2
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Mean values and standard deviations (in parentheses) of

physical habitat parameters measured in study sections on

the upper Big Hole River between July 16 and August 20, 1979.

Parameter

Section

2

Width (m)

Riffle width (m)

Pool width (m)

Thalweg depth (cm)
Depth (cm)

Thalweg velocity (m/s)
Velocity (m/s)

Stable banks (%)

Pool-riffle
periodicity

Pool-riffle ratio
Gradient (%)
Bottom materials

Boulders

Rubble

Gravel

Fines

12.21(%4.92)
10.83(4.77)
8.95(%£5.23)
54.7(+24.0)
28.4(%22.6)
0.27(+0.18)
0.21(0.15)

70.3(%5.0)

6.3(24.2)
i Gt I

0.29

0.9(%5.5)
41.5(+19.8)
42.8(+16.2)

14.8(17.7)

15.95(%5.02)
12.62(%4.46)
13.40(%5.30)
73.3(233.5)
39.7(%£30.6)
0.42(%0.28)
0.33(£0.23)

78.4(%4.8)

1.2(£455)
1.29

0.23

0.0
38.8(%14.2)
39.3(%12.9)

21.9(+20.3)

48.09(%14.75)
51.50(+15.81)
40.00(%7.60)
61.8(+22.0)
37.3(23.1)
0.32(+0.15)
0.21(+0.15)

93.2(%2.9)

11.6(%7.6)
0.27

0.11

0.1(+0.8)
51.4(%15.6)
33.0(#11.3)

15.5(%1555)
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was 75 and 5330% greater than that in Sections 1 and 3, respectively.
Section 2 displayed greater amounts of shoreline cover in all three
cover types. The amount of instream debris considered potential cover
was greater in Section 2 than in Sections 1 and 3. The area of
instream cover provided by debris was 25.5, 46.4 and 0.0 m2/500 m in
Sections 1, 2 and 3, respectively. Aquatic plants (primarily
Ranunculus aquatilis) were much more abundant in Section 3 than in
Sections 1 and 2. The surface area occupied by aquatic plants was
151.1, 32.0 and 7410.4 m2/500 m in Sections 1, 2 and 3, respectively.

Table 5. Area (m2/500m) of shoreline cover in the study sections of
the upper Big Hole River measured between July 16 and August

20, 11979
Cover type
Section Brush Undercut Debris Total
i 5645 SV A0, 1657 130.7
2 78.4 83.4 66.3 2281
3 0.0 442 0.0 %2

Temperature and Water Chemistry
The values of the physico-chemical parameters of each study
section are presented in Appendix Tables 15-22, The mean values and

ranges of these parameters are shown in Table 6.
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Table 6. Mean and range (in parentheses) of values for physico-
chemical parameters measured on study sections in the upper
Big Hole River drainage from April 21, 1979 through
September 1, 1979.

Section
Parameter 1 2 5 5
Temperature (C) 13.:7 13.6 T5uZ 18.0%
(0-24) (1-25) (2-25) (12.5-23)

Total alkalinity 507 51.4 56.4 3745
(mg/1 CaCO3) (35-60) (40-60) (35-70) (30-40)
Total hardness 42 .8 41 .4 35.7 25.8
(mg/1 CaCO3) (40-50) (40-50) (30-45) (15-30)
Calcium hardness 32,1 34.3 30.0 225
(mg/1 CaCO3) (25-40) (30-40) (20-40) (15-30)
Magnesium hardness 10,7 fiaik ST 3.3
(mg/1 CaCO3) (0-20) (0-10) (0-10) (0-10)
pH 7.44 7.38 71.56 7 il

(7.22-7.64) (6.78-7.80) (7.26-7.72) (7.04-7.38)
Conductivity 94,1 100.3 105.8 y & B3
(umhos/cm) (50-120) (52.5-120) (52.5-140) (55-90)
Dissolved oxygen Sl Sl 8.8 8.8
(mg/1) (7.7-10.2) (7.6-10.3) (6.5-11.6) (7.9-10.0)

* Based on data collected from June 23-August

25,1979,

Analysis of variance showed significant differences in the water

temperatures in Sections 1, 2, 3 and 5.

Sections 1 and 2 were significantly lower than those of Sections 3 and

The mean temperatures of

5 during periods of comparable data (Q test; P<0.05). Water
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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 recorded number of hours water tem-
peratures exceeded 17 C on Sections 1, 2, 3 and 5 showed that those on
Sections 1 and 2 were significantly lower than Sections 3 and 5 during
comparable periods of time (Chi-square; P<0.05). There were more hours
of water temperatures above 17 C in July than in any other month.
Water temperatures were above 17 C for 60, 83, and 76% of the time of
that month on Sections 1, 3 and 5, respectively. On Section 2, the
water in July was above 17 C for 607% of the time during which data were
collected. The number of hours the water temperature was greater than
17 C was significantly lower on Sections 1 and 2 than on Sections 3
and 5 during comparable periods in July (Chi-square; P<0.05).

Analysis of variance showed no significant differences between
chemical parameters measured in Sections 1, 2 and 3. However, analysis
of variance and comparison of sample means (Q-test; P<0.05) showed
differences in the water quality between sections 1-3 on the main
river and in Section 5 on a tributary. The alkalinity and total hard-
néss on all sections on the main river were significantly greater than
at Section 5. The calcium hardness of Section 2, the magnesium hardness
of Section 1 and the conductivity in Section 3 were significantly
greater than those parameters in Section 5. The average values of dis-

solved oxygen from sections on the main river were not statistically
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different from the section on the tributary. Each individual value

was above 85% saturation and mean values were all above 1007% saturation.




DISCUSSION

The fluvial Arctic grayling of Montana appear to be largely con-
fined to 44 km of the uppet Big Hole River oetween Jackson and the
North Fork of the Big Hole ﬁiver and approximately 11 tributary streams
in the. immediate and adjacent area (Figure 2).‘ The greateet number of
Arcticlgrayling in the upper Big Hole River wae found in a section -
lying between Mark Clemow lene.and Wisdom where mean depth, width and
velocity were 28.4 cm (22.6), 12.21 m (#4.92) and 0.21 n/s (£0.15),
respectively, and the graoienttwas 0.29%. This section had a substrate
composed primerily of gravel and fines and abundant'aqoatic vegetation.
A comparison of the habitats in the study sectidns indicated Arctic
grayling may have a -closer relationship to current velocities than
overoead cover,

Vimcemt (1962) defined Arctic grayling habitat as . water with a (1)

velocity between 0.31 and 0.61 m/s, (2) gradient between 0.097 and -
0.28% with a maximum of 0. 38/ (3) depto between 31 and 91 cm and (4)
spawning substrate of primarily gravel and coarse sand with frequent
.beds of aquatic vegetation, The mean velocity, thalweg velocity and
depth of Section 1 in the upper Big Hole River was.less than im
'Vincent's criterié, but the mean thalweg depth was within his cited
limits; The gradient of Section 1 was greater than the normal range
Vincent (1962) cited but well below the maximum listed.

The Arctic grayling was originally found throughout the upper-

Missouri River drainage. Several reasons have been proposed'to
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explaiﬁ the reduction of its range in Méntana streams, The alteration
of témperature; and dewafering from i;rigation.may have had an imbor— .
tant impact on Arctic grayling.

The thermal tolerance of~Arctic grayling is not precisely known.
Wojedik (1955) found that Arcfic grayling were stressed at 17.2 C and
actively avoided water teﬁperatuyes of ZQ C. Vincent (1962) reported
that the raﬁge of temperature tolerance for Arctic grayling was
usually between 10 éﬁd.}S.Q C. Lord (1932) reported adultlArctic
grayling have.beeniheld insponds with water temperatufes'as high as
‘23.3 C wighout any apparent mortality.4 Feldmeth and Eriksen (1978)
~found that adulf Arcfiq grayling‘from Montang acclimated t6.13 C had
a critical thermal maximum (CTM) of 26.9 C. However, Arctic érayling
in the upper Big Héle River.were most nuﬁerous in Sections 1 and 2
which had'significéntly fewer hours of water temperétures above ;7 C
" than Sectiﬁns 3 and 5. Section 3 is probably influenced more by
irrigation return water than the other sections. Vincent (1962) felt
thgt maﬁ's alteration of habitat appears to have accelerated the
natural trend of increasing water temperatufés which ‘could cause a
reduction in the Arctic gréyling's distribution. He also suggested
. that Arctic grayling may have been ab;é to inﬁabit some streams with
high summer water tempergtufes by moving tb épring—fed tributaries dur-
iné periods qf high water temperatures. Wojeik (1955) has reported this

type of movement for Arctic grayling in Alaska. There are no spring-
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fed tributaries to Section 3, but the presence of Arctic grayliné in
Section 5 indicates that spring-fed areas may be present. -

Dewatering for irrigation had reduced the flows in some tributary
streams and in the main river and may have reduced the distribution of
Arctic grayling in the upper Bithele River drainage. The portions
of streams most severely affeeted:by dewatering are the areas lying
on the valley floor which are the preferred habitats of the Arctic
- grayling. A dewatered section of Big Swamp Creek, approxiﬁately 4.8
km uestream'frpm its conflueece with tﬁe Big Hole River, was dewatered
on June 26, 1979, and on July 16, 1979 the two major channels in Section
1 were dewatered when the entire diseharge of the river was diverted

through a headgate. Heaton (1960) concluded that reduced flows and
.dewatered Streams appeared to be the primary limitiﬁg factors in trout
production in the Big Hole River drainage. Vincent (1962) correlated
the abrupt deeiine of Arctic grayling in the Gallatin River drainage,
Montane_with increases in diversion of.water and alteration of the
natural drainage paetern..

Barriers may be excluding Arctic grayling from some tributaries
of the upper Big Hole River containing suitable habitat. WNo Arctic
grayling were collected-ffomADeep, Werm Springs and Dooli;tle creeks,
which contaified. numerous beaver dams. Beaver dams eppeared to have a
deleterious effect upon the adfluvial population in the Red Rocks

drainage by blocking spawning migrations (Nelson, 1954). Vincent
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'(1962) reported that ftom avéilable evidence, beaver and Arctic gray-
ling populations have an inverse relatiomship.

Fishing may also be responsible in part for the apparent decline
of the Arctic grayling in the uppér-Big Hole River drainage because
this species appears to be very vulnerable to angling. Arctic grayling
may be twice as easy to catch as'brook trout and five or six times as
easy as brown trout (Vincent, 1962) and consequently ﬁay be subject to
overharvesting. ‘A limited éréel census bylfish and game wardens from
1954 through 1963 exteédiﬁg from Pintlar Creek to the headwaters near
Jackson showed that Arctic grayling compbsed 13.3% of the catch
(Wipperman, 1965). Fisherman logs for the éame place and time showed.
they comprised 25.5% (Wipperman, 1965). However, the populations of
fishermen and Arctic grayling in this area during those years is
unknown, so the effects of fishing cannot be accurately assessed.

The mean size of Arctic gréyliﬁg and brook trout creeled from the
warden census and fisherman logs was 24.6 cm., If the growth rates
have not changed-since those years, this could indicate that most
Arétic‘grayliﬁg being harvested were prespawﬁers of age 1II since
Arctic grayling in this study reached sexual maturity ét aée III'with

" a mean back~calculated length of 27.5 cm. If fishing pressure was
. greaf, it could have'resultea in the substantial harvest of pre~-
spawners and inﬁerfeféd with reproduction. Wojcik (1955) concluded

that overexploitation resulted in the reduction of Arctic grayling
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populafioné in rivers near Fairhanks, Alaska. Vincent (1962) attributed
the decline of Arctic grayling populations in part to overexploitation
in the Au Sable River, Michigan and the Madison River, Montana. How-
ever, othér simultaneous events occurring in these rivefs, such as
logging, introduction of éxotic frout, construction of dams and agri-
culture, érevented actual documentation of declines due to overexploita-
tion,

The reduction of éhe Arctic gra&ling's range in Montana and
Michigan also has been suggested to be aue, either partially or entire-
ly, to compefition with exotic species. Vincent (1962) stated Arctic
grayling were highly intolerant of introduced.trout. Holton (1971)
felt exotic species were a major factor contributing to tﬁe decline
of Arctic grayling. Domrose (1963) reported that the introduction of
brook trout and fainbow trout was responsible for the demise of the
Arctic grayling in the Centennial Valley. Brown (1943) said that the
absence of competitive exotic species is essential to>the‘continued

“survival of Arctic gfayling. However, this species does appear to be
able to live together with exotic trout in some situations. Larsen
(1947, cited by Nillson, 1967) reported that in Demmark, 16 European
grayling (Thymallus thyméZZﬁs) were introduced into a brown trout
population. After 10 years there was a large population of grayling

and a small population of brown trout. Although Arctic grayling may
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not dominate exotic trout, they have coexisted with them and cutthroat

trout in several lakes in Montana and Wyoming (Table 7).

Table 7. Lakes in Montana .and Wyoming containing Arctic grayling
and other salmonids.

Sympatric Yrs. of

Lake - trout species coexistence Source

Miner Lakes " brook trout 50l " Peterson, 1974

Mussigbrod brook trout 501 Elser & Marcoux,
Reservoir : 1972

Grebe Lake rainbow-cutthroat - 60 Kruse, 1959

trout hybrids

Elizabeth. Lake 'rainbow trout 42 | Vincent, 1962
Hyalite - .cutthroat, brook % Wells, 1976
Reservoir trout :

Elk Lake , cutthrdat, rainbow, 24 | Lund, 1974
hybrids & lake trout :

_Hamby Lake cutthroat, hybrids, % Peterson, 1974
brook trout

Broadwater Lake brook trout : 26 ' Marcuson, 1974

Lone Eik Lake brook trout * | Marcuson, 1974

Rough Lake brook trout ' ' ® Marcuson, 1974

Widewater Lake Bbrook, rainbow trout ® Marcuson, 1974

Fox Lake " brook, rainbow trout % Marcuson, 1974

1

assumes introductions occurred at the same time as in the Big Hole
" River. ' ‘ ' :
unknown,

*
]
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Vincené (1962) stated that interspecific competition needed 40
years to manifest itself. During the first 20 years, exétic trout
increased, after which there was a sorting'period in some areas and
then a 20 year period in which the Arctic grayling population declined.
In addition to cohabitation of lakes for as long as 60 years, ﬁincent
reported that Arcﬁic grayling coexisted with exotic species in the
Otter River, Michigan, the upper Gibbon kiver above Virginia Cascgdes
(ﬁenson et al., 1959), the.upper and céntral Madison River and the
Centennial Valley. Sympatry of Arctic grayling and brook trout
occurred in the Otter River for at léést 50 years and probaﬁly ﬁucﬁ
longer and Arctic grayliﬁg féred better'than brook trout for a portion
of this time (Vincent, 1962).

Brook'trout:were introduced into the upper Big Hole River around
1929 (Fred Else, personal communication) so the Arctic.grayling has
lived sympatrically with them in that area for 52 years or.approximate—
1ly 17 generations. Numerous lakes containing both trout and Arctic
grayling and the Big Hole River suggests that Arctic grayling appa?—
ently can coéxist with brook trout if exploitation and habitat changes
are not pronounced. Tryon k1947) found that adult Arctic grayling
planted into thg Wesf Galla;iﬂ River, Montana containing rainbow and
cutthroat trout lived and grew well although they did not spawn there;

Kruse (1959) observed that there was not any obvious antagonism between -
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Arctic grayling and rainbow-cufthroat hybrids during feeding in Grebe
lLake.

Introduced and native fishes apparently can coexist by segregaﬁion ]
into different habitats and/or feeding niches when they become éympat-
ric. Ne}son (1954) found an inverse relationship in the distribuyién
of brook trout gnd Arctic grayiipg in Red Rock Creek, sugéesting
spatial segregation into different habitats. However, segregation of
Arctic grayling and bpook trout into different macrohabitats was not
apparenf in thé Big Hole River, since brook trout populations were
similar in Sections 1 and 2, but the density of Afctic grayling was
quite different, 'Interspecifig sﬁcial contact of Arctic grayling and
brook tfout fry in nature should be minimal because they have different
emergence dates, thch is what Griffith (1972) found for cutthroat and
brook trout. Detailed studies of thé social behavior and microhabitat
_uti;ization of brook trout and Afctic grayling would be needed to
determine the amount of niche overlap between Arctic grayling and other
species. Brown trout appear to be invading the upper Big Hole River
and may become éﬁother factor inflﬁencing the population of Arctic
grayling thefe. |

The decline of the Arctic grayling in the upper Big Hole Riyer
drainage and also in .its historic range is probably not-due to any
single feason, but rather té a combination'of overexploitatioﬁ, habitat

change énd possibly interspecific compefition operating éimnltaneously.
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Vincent (1962) felt thaf the Arctic grayling was vulnerxable to changes
because it had a hiéh degree of genetic homogeneity. The average
heterozygosity of Arctic graylipg is 0.034, whicﬁ is in the normal
range of salmonids'and‘is similar to that of other fish that have

strigent habitat requirements (Lynch and Vyse, 1979).

Management Recommendatipns

The fluvial Arctic grayling of the upper Big Hole River drainage
is a spécies of special concefp‘to Montana (Deacon, et al., 1979).
It is the only fluvial Arctic grayling stock in the contiguous United
States. Several measures should be taken to insure the continued
existence of this unique morph. Water reservations for instream flows
* should be secured., The populations and water quality éarticularly in
Sectiéh 1 shouid be frequently estimated or monitorea. Barriers on
tributafy streams in the uppef Big Hole River drainage-should be
removéd to. enable thé.Arc;ic grayling to potentially increase its
range. A minimum size limit of 27.5 cm should be instituéed to allo&
most Arctic grayling to spawn befotre being removed by angling and a
thorough creel census. should be conducted.to determine the fishing
pressure and harvest. As the ultimate safeguard for this unique popu-
lation, other secure areas with suiltable hébitat similar to Sectiop 1
should be sought for receiving plants of Arctic grayling to further

protect this unique gene pool.
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Appendix Table 8, Locations of study sites on the upper Big Hole River.

Section
electrofished

~ Legal description

Location

Lengfh
(meters)

Section 1
Section 2
Section 3
Section 4

Section 5

T3S, R15W, Sections 17,8 and 4

T2S, R15W, Sections‘28,21,l6 and 15
TIN, R14W? Sections 33,28 and 27
IZN, R13W, Seéctions 33 and 34

T1S, R15W, Sections 32 and 33

McDowell Ranch

" Barker .Ranch

Christiansen Ranch
Roberts Ranch

Rutledge Ranch

4450
4900
4600
3500

2050

vy




45

Catch statistics of Arctic grayling on study

Appendix Table 9.

sections of the upper Big Hole River. during 1978

and 1979.

) Number
~Marked Captured Recaptured

Size

" range(cm)

Date

Section
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Appendix Table 9. (Continued)
Size Number
Section range(cm) Date Marked Captured Recaptured
5 17.5-19.2 8/31/79 4
: 20.0-20.5 3
21.4-21.7 2
31.5-31.9 1
Total

10




Appendix Table 10. Catch statistics, estimates of numbers and standing crop of
brook trout on study sections of the upper Big Hole River
during 1978 (80% confidence intervals are in parentheses).

Fer Im Ier Hectare
Size Number Standing Standing
Section Range(cn) Narked Captured  Recaptured N crop{kz) N Crop(kg)
1 19.8-21.8 13 13 5 2 0.7 6 0.6
(4-10) (0.4-1.0) (4-8) (0.4-0.8)
1 21.9-23.2 6 2 0
3 23.3-31.0 69 78 21 56 12.2 46 10.0
(43-69) (7.4-17.0) (36-56) (8.0-12.0)
1 31.1-32.2 e 5 0
i 32.3-40.5 9 10 - 5 2.0 L 1.6
(3-7) (1.0-3.0) (3-5) (0.8-2.4)
2 8.6-23.2 9 8 0
< 23.3-31.0 L6 66 8 71 16.8 Ls 10.6
(44-98) (8.3-25.3)  (28-62) (5.3-15.9)
2 35.0-42.1 2 0 0
3 27.2-39.6 8
4 8.5-32.5 79
5 6.7-38.4 212

LY
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Mean total length and weight (standard deviation in
parentheses) at time of capture and calculated mean
total length and weight at each annulus for Arctic
grayling in study sections on the upper Big Hole
River in 1978 and 1979.

liean

Age Total Total Calculated lensgth(em) at each age
Section Sroup N Length(em) deight(igi) 1 2 43 L 5
1 % 19.8 77 11.2
(+2.5) (#27)
II 86 25.7 161 11.3 21.6
(#1.7) (£30)
III e 28.6 220 11.4 21.8 27.0
(+1.6) (+41)
Iv 2 30.0 249 9.9 20.7 26.1 29.5
(#3.3) (+83)
v 1 38.1 431 14.6 25.9 31.9 35.6 37.9
Mean back-calculated length 11.3 21.7 27.0 31.5 37.9
Mean increment of back-calculated length 11.3 10.4 5.2 3.5 2.3
Calculated weight (gm) 13.2 9.7 183.1 291.7 509.9
2 I 13 20.0 75 12.2
(+s1.1) (417
II 51 26.8 184 12.0 2.4
(+1.5) (+38)
III 37 29.2 239 11.5 2.2 27.2
(#1.6) (#39)
v 4 32.3 302 13.0 25.5 29.2 30.9
(+1.8) (+48)
Mean back-calculated length 11.9 22.5 27.4 30.9
Mean increment of back-calculated length 11.9 10.7 4.9 1.7
Calculated weight (gm) 19.4 110.9 190.3 264.5
5 I 9 19.8 80 11.6
(#1.4) (+22)
II 0
III 1 31.6 254 14.4 22.9 27.9
llean back-calculated length 11.9 22.9 27.9
liean increment of back-calculated length 11.9 8.5 5.0

Calculated weight (gm)

18.2 112.3 1944
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Appendix Table 12, 'Total length-weight and scale radius-total body
length equations used for the back=-calculation of
weight and length of Arctic grayling in the upper -
Big Hole River drainage in 1978 and 1979.

Section - Equation N T

Total length-weight regressions

1 log. W = -5.08 + 3,02 (log L) o 218 ° - 0.99
2 log W= -4,40 + 2.74 (log L) ._ 108 "~ 0.99-
5 . log W= ~4.51 + 2,78 (log L) : 10 0.97
Drainage . .
total log W= -3.36 + 2,31 (log L) . 471 0.96
- where: W = Weight (gms)

nn

L = Length (mm)
Scale radius-total body length regressions

log S) 218 0.97

1 log Ln =log L + Q.83 (log Sn -

2 log Ln = log L + 0.82 (log Sn - log S) 108 0.94

5 . log L = log L + 0.74 (log s, — log S) 10 0.95

d
Drainage
total log Ln = log L + 0.80 (log Sn - log S) 471 0.98
where: L, = Total length of fish at age n (mm)
L = Total body length (mm)
S, = Anterior scale radius at annulus n (mm) X 66
. § .= Total anterior scale radius (mm) X 66
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.parentheses).

Mean total length (mm) of:age 0 Arctic grayling -
from May 27-July 30, 1979 (standard deviation in

53.7(£4.5)

. No, in
Time Mean size sample Location
5/27-5/31 12.2ki1.0) 54 Sandhollow Creek, Big Hole River
6/1-6/5 0
6/6-6/10 0
6/11-6/15  15.7(+1.0) 6 Steel Creek, Big Hole River
6/16-6/20 24,3(%4.2) 15 Sandhollow Creek, North Fork of
_ Big Hole River
6/21-6/25  24,2(+3.8) 17 Steel Creek, Swamp. Creek, Rock
: Creek, Big Hole River
6/26-6/30 29.5(i3.5)' "2 Big‘Lake Creek, Big Hole River
7/1-7/5 | 39.3(+1.5) 3 North Fork of Big Hole River
7/6-7/10 | 0
7/11-7/15 55.2(x5.7) b4 Sandhollow Creek, North Fork of
: Big Hole River
7/16-7/20 49.5(%5.0) 2 Sandhollow Creek
7/21—7/25 0
. 7/26-=7/30 3. . Sandhollow Creek
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Appendix Tablé 14. Sample size (N) of- the physical habitat parameters
. . measured in study sections on the upper Big Hole
River between July 16 and August 20, 1979.

‘Section

Parameter | X R L2 3.
Width : 37 , 37" 37
Riffle width - 16 18 26
Pool width o 30 27 11
Thalweg depth . 37 37 37
Dépth 915 1198 3599
Thalweg velocity 37 37 37
Velocity 391 520 511
Stable banks ' 74 74 74
Pool-riffle pgriodicity 29 32 8
Bottom materials '
" Boulders 37 ' 37 37

Rubble 37 37 37

Gravel 37 37 37

Fines 37 37 37
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Appendix Table 15. Water temperatures (C) of study sections in the
upper Big Hole River drainage during 1979.

Averaze !
Date Section Dailv !ean .axioum Iininum llours » 17 C

L/21-4/30 1 3.9 8.0 0.0 0.0
2 5.2 3.0 1.0 0.0

3 6.8 10.0 2.0 0.0

5/1-5/31 ! 9.5 17.0 3.0 7.8
2 9.8 18.5 4.0 10.1

3 11.0 12.0 5.5 1167

6/1-6/30 1 14,5 22.0 8.0 129.3
2 14.7 22,5 745 158.7

3 15.1 23.0 2.0 1944

6/23-6/30 5 17.2 21.0 14.0 93.7
7/1-7/31 1 17.6 24,0 12.0 445,9

2 18.4 25.0 11.0 229.9*

3 19.4 25.0 13.0 621.0

5 18.4 23.0 12.5 569.0

8/1-9/1 1 16.3 22.0 11.0 312.0
2 16.4 22.0 11.0 328.3

3 18.1 23.5 13.0 514.9

8/1-8/25 5 17.8 22.0 13.0 4134

*[lo data from July 5-19, 1979.
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Measurements of total alkalinity (mg/l CaCO,) in
the study sections of the upper Big Hole RiVer -
drainage in 1979.

: Section

Date 1 2 3 5
6/16-6/17 35 40 35

6/23 50 50 50 40
7/5 50 60 70 30
7/20 50 50 60 40
8/4 60 .60 60 35
8/18 60 50 60 " 40
9/1 .50 ~ 50 60 | 40
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Appendix Table 17. Measurements of total hardness (mg/l CaCO,) in the
study sections of the upper Big Hole Rivefr drainage

in 1979,
) Section

Date 1 2 3. - 5. ‘
6/16-6/17 40 40 30

6/23 : 40 40 35 15

7/5 : 50 . .50 45 30

7/20 " 40 _ 40 30 30

8/4 - . 40 40 40 30

.8/18 50 40 40 20

9/1. . . . 40 40 30 30
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Appendix Table 18, Measurements of calcium hardness (mg/l CaC0Q,) in

the study sections of the upper Big Hole River
drainage in 1979. :

Section -

Date 1 2 3 5
6/16-6/17 30 30 20

6/23 25 30 30 15
7/5 40 40 40 .30
7/20 30 © 30 30 20
8/4 30 40 40 30
8/18 30 40 30 20
9/1 40 30 .20 20
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Appeﬁdix Table 19. Measurements of magnesium hardness (mg/l CaCO,) in
. the study sections of the upper Big Hole Rivef
drainage in 1979. :

Section

Date L1 : 2 3. . ..5

6/16-6/17 10 10 10

6/23 . 15 10 5 0

7/5 10 10 5 0

7/20 10 10 0 10

8/4 . 10 0 0 0
8/18 20 0 10 : 0

9/ . o .. 10 10 10
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Measurements of pH In the study éections of the
upper Big Hole River drainage in 1979,

: Seqtién' '

Date 1 2 3 5

6/16-6/17 7.28 6.78 7.47

6/23 7.30 7.40 7.5 7.28

7/5 7.23 ' 7.10 - 7.72 7.38 °
" 7/20 7.22 7.20 7.26 7.16

8/4 7.64 7.80 7.60 7.24

8/18 7.60 7.28 7,56 7.26

9/1. 7.56 . T.44 . . 7.66. . 7.04
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Appendix Table 21. Measurements of conductivity (umhos/cm) in the
: study sections of the upper Big Hole River drainage

in 1979.
Sectién

Date , . _ . 2. 3 . 5
4/21 - 110.0 . 106.0
5/9 70.0
5/26 50.0 52.5 52,5
6/11 | ~ 80.0 80.0 65.0°
6/17 ' 90.0 90.0
6/23 95.0 110.0 100.0 55.0
7/5 . 100.0 110.0 125.0 55.0
7/20 120.0 110.0 140.0  80.0
8/4 , 100.0 120.0 130.0 70.0
8/18 110.0 110.0 130.0 : 80.0

. 9/1 . 110.0 120.0 , 110.0 90.0




Appendix Table 22.

59

Measurements of dissolved oxygen (mg/l) in the
study sections of the upper Big Hole River .drainage
in 1979.

© Section

Date 1 2 3 5

6/16-6/17 8.0 7.6 8.5

6/23 7.7 ' 7.6 9.1 8.5

7/5 7.8 7.9 9.3 8.4

7/20 8.4 8.7 | 6.5 7.9

8/4 9.0 9.0 8.4 9.0

8/18 9.6 10.1 8.0 8.8
.‘9/1 10.2 10,3 - 11.6 10.0
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