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Abstract:

The Arctic grayling (Thymallus arcticus) population of Deer Lake (Gallatin County) differs from most
Montana lacustrine populations in being outlet spawners and in having an extended period of stream
residence of young fish. Estimated numbers of spawning adults were 803 + 104 in 1989 and 1109 +
124 in 1990, with a male:female ratio of about 1.0:1.0 in both years. After swimming up from the
gravels, age-0 young remained in the stream for at least their first 2 to 3 months and some young for
over a year. Age-0 grayling used slow water velocities, silt and sand substrate, and shallow depths
while in the stream. The mean water column velocity (0.6 depth) and total depth at preferred fry
locations increased with fry growth. These observations suggest habitat characteristics that may be
important to young grayling in a fluvial environment. The extended stream residence of the young also
suggests that Deer Lake grayling may be able to permanently inhabit streams.
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ABSTRACT

The Arctic grayling (Thymallus arcticus) population of
Deer Lake (Gallatin County) differs from most Montana
lacustrine populations in being outlet spawners and in
having an extended period of stream residence of young
fish. Estimated numbers of spawning adults were 803 * 104
in 1989 and 1109 * 124 in 1990, with a male:female ratio of
‘about 1.0:1.0 in both years. After swimming up from the
gravels, age-0 young remained in the stream for at least
their first 2 to 3 months and some young for over a year.
Age-0 grayling used slow water velocities, silt and sand
substrate, and shallow depths while in the stream. The
mean water column velocity (0.6 depth) and total depth at
preferred fry locations increased with fry growth. These
observations suggest habitat characteristics that may be
important to young grayling in a fluvial environment. The
extended stream residence of the young also suggests that
Deer Lake grayling may be able to péermanently inhabit
streams. ‘ . ’
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INTRODUCTION

Within this century both Montana and Michigan have had

indigenous stocks of Arctic grayling (Thymallus arcticus).

The Michigan grayling is extinct due to a combination of
factors including overfishing, grazing and logging
practices, and introductions of non-native fishes (Vincent
1962). The original range of the Montana grayling was'the
upper Missouri River drainage ébove the Great Falls.
Montana still has populations of the native grayling.
However, only one.fluvial population\remains (Big Hole
River) and it too appears to be declining in numbers (Kaya
1990). The fluvial populations of Montana grayling have
diminished, possibly due to the effects of introduced

exotic salmonids- (Salmo trutta, Salvelinus fontinalis, .

Oncorhynchus mykiss), poor land use practices, overfishing,
and dewatering of streams. All other populations are
lacustrine and introduced, except those of Red Rock and’Elk
_lakes, which are indigenous (Vincent 1962).

There is interest in recovering the Big Hole River
grayling population and in reintroducing grayling into
~other Montana streams. Grayling used in restoration
efforts must be capable of living in a fluvial system. It

has been shown that young Montana grayling from different
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stocks_ behave différently in running water (Kaya'1989,
1991). The Big Hole Rive} stock is the most;obvidus‘choice
for restoration of fluvial populations. However, becausé
of their low numbers, it is difficult to capture ripe Big
Héle grayling for spawning purposes. ‘Also, it is
questionable Whethér-all grayling used iﬁ-festoration:
efforts should originate from a single source. A éingle
origiﬁ, from a populafipn reduced to low densitieé, may
limit the genetic diversity of reestablished fluvial
populations.

Unlike most grayiing populaﬁions in Montana, the Deer
- Lake (Gallatin Counﬁy) grayling are outlet spawners
(allacuétrine); rather than inlet spawnefs;' Previous
observatibné suggested that‘young of the Deer Lake‘
population may reﬁain in the outlet stream for at least
several months before moving up into the lake (C.\M. Kaya,
.Monténa State University, pers. commn. 1989); In contrast,
young of inlet—spa&ning populations typically move
downstream into a lake soon after sﬁimming uﬁ from the
gravels.

The objectives of this study were to determine£ (1)-if
young Deer Lake grayling have an extended period of ‘
residence in the outlet stream; and, if éo; (2) fhe habitaf
selected by young grayling during stream.fesidence; Thé |
- results of this study will help'determine the likelihood

for successful transplénts of Deer Lake gpayling into a
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stream or into a lake with only an outlet stream. Results
will also. be valuable bgcause of the scarcity of
informationlon habitat use and selection by véry young
grayliﬁg in fluvial habitats. In'cﬁnjunction with primary
objectives, I also determined characteristiés of thé

spawning population entering the Deer Lake outlet stream.
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STUDY SITE

Deer Lake is located in the Madison Range of
southwestern Montana, within the Gallatin National Forest
and the Lee Metcalf Wildernesg Area. The Deer Lake
trailhead starfs on Highway 191, 76 km north of West
- Yellowstone and 61 km south of Bozeman, Montang (Figure 1).
The lake is in a large cirque at 2780 m above sea level
(UsGS 1956), and 10 km from the trailhead. At this

elevation, whitebark pine (Pinﬁs_ablicaulis), limber pine

(P. flexilis), and subalpine fir (Abieé lasiocarpa)

dominate and grouse whortleberry (Vaccinium scoparium) is

the most prevalent,shrubu' Deer Lake is oval shaped,
roughly 400 m loné aﬁd 160 m wide, and covered by ice 6 to
7 months of‘the vear. The sou£hern end of the léke is
relatively shallow, while the northern end ié quite &eep.
No depth measurements have been taken. |

Deer Creek originates at the séutheast eﬁd of Deer
Lake and flows southeast to the Gallatin River. After
flowiﬁg roughly‘SOO m from the lake, Deer Creek plunges.
over a waterfall. This waterfall acts.as a barrier

blocking any upstream fish movement (Figure 1). The 300 m

stream section from the lake outlet to the waterfall formed

the study site, and is hereafter referred to as ‘the outlet




Deer Lake
2780 m
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Figure 1. Location of Deer Lake, Montana.
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stream, The width of the outlet stream ranges from less
than 1 m to over 14 m. Within 100 m of the lake outlet,
there are.at least three springs discharging directly into
the outlet stream.

The outlet stream is characterized by two general
habitat types. One type consists of ruﬂs and riffles with
faster water velocities. These areas have the narrowest
channel widths and a wide range of substrate sizes, from
very fine to boulder. The second type.consists of wide,
sha;low areas of slow flows, and fine substrates. These
will be referred to as flats.

The oniy fish species in Deer Lake is the Arctic
grayling. Although the origin éf the population is not
known, it probably was started through stockiﬁg. Deer Lake
grayling are genetically similar to other lacustrine
populations originating from plants of Madison/Red Rock
grayling (R. Leary, University‘of Montana, pers. éqmm.
1990).

Dense concentrations of spawning'grayling appear in
the outlet stream sometime between late May and early July
(Kaya 1990), Although the aaults would be very vulnerable
in the clear, shallow water, no eagles, osprey, bears or
bear tracks were seen in the area. Later in summer, when
young were abuﬁdant, a belted kingfisher was seen in the
study site. Deer Lake is fished throughout the summer.

The daily creel limit is five grayling. Fishermen appear
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-quite successful, although not all keep fish.

A small inlet stream at the north end of Degr Laké
provides pﬁtentially 4 m of spawhing area between the rock
cirque and the lake. However, gréyling do not appear to
use the iﬂlei stream for spawning (Kaya 1989), perhaps
because. of its sﬁail size énd cold temperatﬁpes. During
the 1989 spawning run, no grayling were SEeq in the inlet
and the water temperature (4.1 C) Waé_lower than that of

the outlet {(about 11.0 C).
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METHODS

During May and early June of 1989 and 1990, I made
repeated trips to Deer Lake to determine when the lake
surface thawed and when adult fish entered the stream. 1In

both years, observations began when ice cover melted from

the lake and ouflet stream, and continued until ice started

to form along the margiﬁs in October (1990) or early.
November (1989). Due to the remoteness of Deer Lake, the
lightest and smallest. equipment ayailaﬁle was used. All

equipment was carried in backpacks.

Temperature Measurements

As ice clearéd from the stream, I placed a Peaboay
Ryan thermograpﬂ (model)D) in the stream réughly 30 m from
the lake outlet. This location was known to be used by
‘séawning and young grayling (Kaya,'pérs.-cbmm. 1989)., 1In
1989, the thermograph was installed on June 8 and in 1990
on June 12, In 1989, a second thermograph was place& near
the mid-point of the study site in a riffle.known to be a

major spawning site (Kaya, pers. comm. 1989).
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Spawning Population

When large numbers of adult'fish had accumulated in
the outlet stfeam, a four—persop crew sampled fish with a
backpack electro-shocker (Coffelt'BP—lC). Sampling
'proéréssed upstream from the waterfgll to the lake outlet.
We recorded fish total lengths to the nearesﬁ millimetef,
fish weights to the nearest gram (OHaus ' Lume-o-gram Balance
Model D1001-BA), sex, and hook scar incidence. All adult
fish éaptured in 1989 received a‘permanent adipose élip.
Nuﬁbers of spawners were caléulated using the Petersen -
‘method (Rieker 1975). All adult fish captﬁred on the
marking run also receiﬁed a .temporary upper caudal clip.
The recapture run took place'3 d after the marking run in-
both years.

During the 1989 spawning run, 136 scale samples were
taken from méle, female, and juvenile grayiing in all size
classes'present. "Scale samples were,taken/frém‘the area
‘between the posterior end of the dorsal fin and the'léteral
line. I took scales later in the season from size classes
not represented in the sbawhing run to facilitate
idenfification of age classéé. This later sampling was
done by dip net or with hook,and.line.. Montana Department
of Fish,_Wiidlife, and'Parks pérsdnnel formed plasfic scale
impressidn'from all sambles. From these, I determined.'.

scale annuli on a microfiche at 72x magnification.
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Fecundity measurements.were collected by sacrificing
ripe females of different sizes. For each individual,
total length énd weight of the female and the total volume
of eggs were measured.” From eéch fish, 25 mi of ‘eggs were
preserved in a 10% formalin solution’and later counted.

The numbef of eggs in ea;h 25 ml subsample was extrapolated
to estimate the number of;eggs in the total volﬁmeAtaken
from each female.

Indidéhtal observations were made of egg predation by
adult grayling. Stomachs of grayling killed dﬁring
electro-fishing were examined. The stomachs-wefe placed in
10% formalin and examinéd inlthe lab. One adult grayling
which appeéred to be chasing young was captured and '

-sacrificed to determine if it -was consuming fry.

Movement of Young

I monitored movements of‘young grayling*with traps
madé from 1 mm,plastic mésh {window screen). To determine
when ffy beéame free swimming, Inused eméfgence trépé.of
thé typ¢ des;ribed by Fraley et al. (1986).. Since grayling
are‘broadcasﬁ spawners, emeréepce traps were placed in
.areas of heaviest spawning activity, over visible egg
concentrations.

’To ﬁonitér)movements of young, I instalied three traps
(Figure 2>.‘ All fish trapped were measured to the nearest

millimeter and released in>the direction of ﬁheir movement.

~
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Figure 2. Deer Lake study site, showing three movement traps,
major spawning areas, and general water types.
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One trap was‘inétalled across the lake outlet. This
V;shaped, screen barrier Leéding,into a holding trap is
referred to as the lake trap. After nearly all adults had
returned to the lake, I installed the lake trap which
interqepte@ the movement of all fish from the stream into
the lake. Iﬁ 1989, the leads to the trap extehded 1 m into
the lake, .creating a holding area within the lake. Fish
observed in this hqlding afea wefe captured with a dip nét.
The trap was;modified'in 1990 to eliminate this holding
area, forcing fish to mo&e into .the trép. The trap was
framed with lodgepole pine poles and the mesh was weighted/
with rock at thé substrate surface. I méde an effort to
seal off.ény potenfial bypass %round the trap.

The second trap intercepted fish moving in both the
upstream and downstream directions {to. be referred to as
the two-way tfap). _This trap, positioned near the mid-
point of the sfudy site about 5 m above a major spawning
site (Figure 2}, eitended completely across the strean,
with a continuous screen barrier forming two V~-shaped
leads. ' _

The third trap th be peferréd to as the falls
trap)lwas a drift net placed in‘the first meter of ﬁhe
waterfall at the downstream.end ;f the study siﬁe.(Figure
2). In 1989, the fails.traprsampled approximatel& 33 to
'50% of thehstream.flow‘ In 1990, the falls trap was

modified wifh mesh leads to sample the entire flow. 1In
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1989, thé falls trap was contiﬂuously in place; while in
1990, it was opérated only wheh,an observer was present.
During 1990, I emptied the ﬁrap at 4 h intervals over 24—h.

periods.

Habitat Use

In 1990, a‘two—person crew conducted threeAsurveys‘of
habitat use énd preference by age-0 grayling. The first
aay of each survey consisted of visually observing fish
positions.and measuring habita£ characteristiqé at those
positiéns. On the second day,'habitat characteristiéé were
measured along evenly spaced transects to determine habitat
avajlability. Because of their small Size,~fish could only
be 6bserved dufing periods of bright light and clear skies.
If clouds reduced visibility, the observations were
discontinuéd until skiés cleared. The thrée survey periods
were Jﬁly 28 and 293 August 18 énd 19, and September 8 ahd
9. o B :

Fish positions were determined visually, as I moved
upstream from the ﬁ§£erfall. FQr each fish position, I
measured the focal point depth (distance of‘the~fish from
the substrate), total water column depth, foéal point-
velocity (wétef,velocity at the fish position),'mean wateff
.column velocity {(velocity at 0.6x the dépth), substrate
type,'aqd distance to cover. Megsurements were taken only

for fish whose positions were noted before they were
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disturbed. The observer made an effort not to measure any
fish more than once. This was.done-by moving forward for
the next observation a distance greater thanvthe distance
"moved by'disturbed fish. |

I‘measured depths and distance tb cover with a"meﬁér
stick to the nearest millimeter and water velocities in
mefer per second with a Montedoro-Whitney diéital.fléw
meter. Cover was defined as any aguatic or terrestrial
material providing an overhang which could conqe;l young
from overhead view. Tefrestfial Vegetatioﬁ wiﬁhin 50 émléf
the water surface wéé considered usablé cover: Using a
modified Wentworth scale, I viéually estimated substrate
type within roughly a 10 x 10 cm area (Table 1) (Bovee and
Cochnauer 1977); Silt apd clay particles as well as fine
plant detritus were combined into one category bg¢aus¢ of
'fhe difficﬁlty of distinguishing between these in the
field. This category is hereafter referred to as éilt;
The two.or ﬁhree moét common substrate types Qere noted and
weighted gvenly due to the difficulty”in'estimating the
percentages of substrate types-in such a sméll.area.

An effort was made to search all habifat types and
collect as many observations és possible. Extra time was
spenf in areas with fast cﬁrrent; deeper depths, and
overhanging végetation because of the increased difficulty

of observation.
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Table 1. Modified Wentworth scale for substrate types and
codes used in later analysis for Deer Creek
(adapted from Bovee and Cochnauer 1977).

“Substrate Size
type ‘ {mm) " Code
Silt and Plant detritus < 0.062 1.
Sand 0.062-2.0 2
Gravel . . 2.0-64.0 3
Cobble 64.0-250.0 4
Boulder. > 250 5
Macrophytes 6

Throughouf most of the outlet stream, I seafched the
entire stream width. In the Qider sectioﬁs, I moved across
the stream at roughiy a 45 degree angle to the cﬁrrent
until close enough to see young at the opposite bank. At
this point, I would cross back ﬁoward the other bank.

Analysis of variance was used to détermine if a
significant difference existed between the mean habitat

characteristics measured.

Habitat Availability

_Habitgt avéilability was estimated along randomly
selected transects in the outlet stream. The first
‘transect, positioned by'the roll of a.die? was.S m
downstream from the lake oﬁtlet_ Downstream transects were
then established perpendicular to the thalweg, at 10 m
increﬁents, except in the relgtively large uniform fiat,
where four transécts wefe set at 20 m increments.

Measurements along these transects were counted twice in
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calculations determining habitat’availability. Along each
tranéect, at both banks and at 0.25, 0.50, and 0.75 of the
stream width, we measured the mean velocity (0.6 depth) and
total depth of the watér column, substrate type, and

distance to cover.

Habitat Preference.

After claséifying and tallying habitat measurements, I
determined the proportions of availabie habitat and use of
habitat by.th; young.  Since the availability of bofh focal
point depth and focal point velocity could not be
determined by the habitat availability measurements,
preference for these characteristics was not determined.
Each individual fish position was -treated as one
observation. Proportions were run through Chi-Squared
Goodness-of-Fit comparisons to test the hypothesis that
fish use each habitat characteristic in the exact’
proportion to its availability.

If a statisfical difference existed at the 0.05 level,
I calculated Bonferroni 95% confidence intervals around the
difference between habitat availability and use values to
test the hypothesis that habitat availability (Po) was
equal to habitat use (Pi) (Marcum and Loftsgaarden 1971).
If the qénfidence interval included 0, I assgmed the fish
were using the habitat in préportion to its availability.

If 0 was not included in this interval, I assumed the fish
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were not using the habitat in proportion to its
availability. The fish were said to prefer the habitat

characteristic if both end points of the interval were

negative, Pi > Po. Likewise, the fish wgs‘said to avoid

the habifat_characteriétic if both end points of the
interval were.posiﬁive, Pi < Po.

Data were evalugted on a microéomputer. Data were
entered on a Lotus 123 spread sheet, and statistical

analyses were conducted with the MSUSTAT (Lund 1988)-

program.
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RESULTS

'Iﬁ 1959, Deer Lake was partially thawéd on June 16 and
completely thawed by June 22. In 1990, the lake surface
was partially thawed on‘Jﬁne 25 and-compietely thawed by
July 1. After the lake thawed, temperature at the outlet
rose rapidly (Figure 3). \

.Mean daily water témperatures at the outlet were
generally slightly warmer than those at the mid-point of
the study site (Figure 4). Water temperature'in the lower
half of the outlet stream also fluctuated more than
tempefature at the lake outlet. In comparison to the lake
outlet, wétgr £emperature at the mid;point-tended ﬁo be
'cooler.at nigﬂty.bossibly due to greater nocturnal heat
loss and influx of cold spring water, and warmer dur?ng thé
day, possibly due to daytime’heat.absorption"in the large
flat immediately upstream; In July, the daily high water
temperature'éften exceeded 19 C at the mia-point, but
remained below 17 C at £he»outlet. During this time, the
daily low temperature ét the mid—pbint was generally
‘between 9 and 11.5.0, while at the outlet'it was 13 to 15
C. Daily tehpefature"range Qaried 10 C at the mid-point,

but only 1 to 2 C at the outlet.
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Figure 3. Mean daily temperatures (C) of Deer Lake outlet
stream, 1989 and 1990.
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Figure 4. Mean daily temperatures of the Deer Lake outlet
stream at two locations, one 30 m from the lake
and the other near the mid-point of the study
site, 1989.
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Spawning Run

As the lake surface began go thaw, adult grayling
began moving into the outlet stream.‘ In 1989, major
movement occurred_as water temperature rose from 4 to 6 C
in the outlet stream. 1In 1990, hundreds were seen in the
stream as water temperature approached 7 C. ' Numbers
increased as adults accumulated in the stream. Hundreds of
adult grayliﬁg-were present in the ouflet stream at least_a

week before peak spawning activity occurred.

Population Estimatevand Sex Ratio

| Adult grayling captured during the spawning runs
numbered 518 in 1989, and 648 in 1990 (Table 2). Of these, .
53% (1989) and 54% (1990) were males. This was a
male:femaie sex ratio of 1.1:1.0 in 1989, and 1.2:1.0 in
1990. The mark and recapture runs gave spawning population‘
estimates with 95% confidence intervals of 803 * 104 in
1989, and 1109 #* 124 in 1990. Deer Lake grayling appear to
spawn each year. Of the adults captured in 1990, 23% of
the females and 42% of thé males had adipose clips from the

1989 spawning run.

Length Frequency and Age

In 1989, spawning males averaged 325 mm in total
length (TL), ranging from 260 to 404 mm (Figure 5).

Females averaged 311 mm TL, ranging from 242 to 384 mm
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(Figure 5). Size of spawners was similar in 1990. Males
averaged 313 mm TL, ranging from 244 to 393 mm, and females

averaged 302 mm TL, ranging from 255 to 380 mm (Figure 6).

Table 2. The maximum likelihood estimate (MLE) for the
grayling population of Deer Lake, 1989 and 1990.

No. of =~ No. of fish No. of

"marked captured ' recaptured
Year Sex . fish second run fish MLE
- 1989 M 121 ' 222 69 389
1989 F 107 183 46 426
1990 M 219 _ 218 85 562
1990 F 174 . 177 55 ' 560

Male grayling in Deer Lake appear to grow'slightly
faster and reach greater lengths than females. The mean
back calculated lengths after the second anhulus.are
generally slighﬁly greater for males (Table 3). The oldest
grayling aged was 6 years old.

Deep Lake gra&ling mature as 3-year olds, toward thé

end of their fourth year:

Fecundity

Estimated number of eggs in'the seven ripe females
sampledlranged from 2,743 to 3,674 (Table 45. Relative
fecundity.averaged 12.4 eggs/g of fish and raﬁged from 7.1
to 15.7, and 9.6 eégs/mm of fish and ranged frbm 7.9 to

10.7.
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Figure 6. Length frequency of spawning male and female
grayling from Deer Lake, 1990.
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Table 3. Mean back-calculated lengths of Arctic grayling,
Deer Creek, 1989. :

Speci- No. of Mean Mean back-calculated length (mm)
men fish in 1length at _age {(annulus)

age sample (mm) 1 .2 3 4 5

Females

1 22 113 70 .

2 3 293 61 182

3 8 292 56 129 2217

4 9 332 ° 66 172 255 312 -

5 1 340 61 185 287 311 333
Mean length 66 156 244 312 333
Mean annual increment 90 88 68 21

Males '

1 22 113 71

2 2 208 58 154

3 17 301 63 149 258

4 17 336 66 156 257 313

5 12 - 359 62 174 280 320 343
Mean length 66 158 263 316 343
Mean annual increment 92 105 53 27

Table 4. Fecundity estimates.for ripe grayling of Deer
Lake, Montana, in 1989.

Total Estimated no. of eggs
length Weight . per per g  per mm
Sample (mm) (g) female female female
1 289 202 2743 13.6 9.5
2 294 198 28517 14.4 9.7
3 296 218 . 3125 14.3 10.6
4 304 202 3167 10.4 10.4
5 314 . 248 2459 - 9.9 7.8
6 340 317 3674 11.6 10.8
7 0

360 408 2895 7.1 8.
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-Hook Scar Incidence

In 1989, 27% of the fish handled on the recapture run
had hook scars. Data on hook scars were not taken during
the capture run. 1In 1990, 30% of the grayling handled

during the mark and recapture runs had hook scars.

_Incidental Observations of Predation on Eﬂgs_and Fry

fn 1989, I observed an adult grayling ingest an egg
which passed in front of the fish. Analysis of stomach
contents of 13 édﬁlt grayling (10 females and three males),
which ranged 187 to 375 mm TL, showed that adults did eat
some eggs. Of the 13 fish, three had consumed-a total of
17.eggs. | '
| During the summer of 1990, six adults remained in the
outlef stream. On'July 29, I observed these fiéh in
shallow water‘(5.to 10 cm deep) chasing groﬁps of fry. I
was able to capture. one of the adults, a 390 mm male, with

a dip nef and found 12 fry in its stomach.’

Movement of Young

Falls Trap

In 1989, the falls trap was installed on July 6 and
removed on October 19. This trap sampled about 1/3 to 1/2
of the stream flow. Data collected did noF show the total
number of ydung going over the falls but did show é |
gualitative patﬁerQ of fry movement downstream (Figure 7).

The greatest number of young went over the falls during and
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shoftly after swimup, in the éarly part of summer. In
1989, the peak period of swimup occurred in mid-July and
the first young trapped had an average total length of 12
mm and ranged from 12 to 13 mm TL. As summer progressed
and age-0 grayling became larger, the number moving over
the waterfall diminished, Downstream movement nearly
ceased by the epd of July. The lowest number went over the
waterfall near the end.of the season. At this time, their
| total length averaged 39 mm and ranged from 30 to 4é mm.

In 1990, the falls trap was iﬁstalled on July 21 and
removed on OctoBer 11. The 1990 trap sampled the entire
stream flow over the watérfall. I monitored the.trap af
4-h intervals-on sampling dates to collecf quantitative
informafion on the numbers of yoﬁng going over the
| waterfall at different times of the day. The 1990 falls
trap Was.put in after swimup had begun. As in the'previous
year, fish movement downstream over the waterfall Qas
greategt during and shortly after peék swimup and
diminished és the season progressed (Téble 5). In 1990,
the‘avefage total length of the_trappéd’youpg was'14 mm
(range of 12-to 16 mm) after swimup and 42 mm (range'bf 36
to 56 mmS in O@tober (Figure Si.

Most dowﬁstream‘movement over thé falls océurred'in
July, at night. Of all the young trapped in the falls frap
duriné 1990, - 87% moved during late July and 68% moved

between the hours of 10 pm and 6 am (Table 5). In later
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weeks, there was not a large difference between ‘the numbers

trapped at.night and during the day.

Eggs were found in the falls trap during both years.

~ Some of these eggs appeared viable.

Table 5. Numbers and mean total lengths of age-0 grayling

in the waterfall trap, Deer Creek; 1990.

. ) Mean .
Time No. of No. . length
Month/day of day h young per h “(mm)
7/23 6am-10pm 16 24 1.5 ,

10pm-6am 8 140 17.5 14.2

7/28 1lam-10pm. 11 92 8.4 14.0
10pm-6am. 8 393 ’ 49.1
fam—-2pm 8 76. ‘ 9.5

8/6 1lam-10pm 11 29 2.6 18.8
10pm-6am 8 16 2.0
6am~10am 4 4 1.0

8/17 10pm-6am 8 10 1.3 27.5
6am-10pm 16 217 1.7
10pm-6am 8 0 0.0
6am-2pn 8 1. 0.1

8/28 6am-10pm 16 10 0.6 32.3
10pm-6am 8 b 0.6

9/8 8am-10pm 14 3 0.2 41.6

o 10pm-6am 8 2 0.3 .

6am—-2pm . 8 0 . 0.0
9/19 12pm-2pm 2 0 0.0
9/25 Ilam-1lpm 2 0 0.0
10/10 1pm~6pm 5 0 0.0
6pm-10am 16 0 0.0

UL S D Y 7 W A




30
600 50
600 ARt

9 40 AE\

U N

M

5 400 r

T

e 130 0

R T

T 800 A

kL

R

A 120 L

=) 3

200 E

& N

E G

D 110 T
100 F NUMBER H

—— LENGTH (mm)

0
7/1 7/11 7/21 7/31 8/10 8/208/30 9/9 9/19 9/29 10/9
DATE

Figure 8. Number and mean total length of age-0 grayling
captured in the falls trap in Deer Creek, 1990.




31

Two-way Trap

The two-way trap was operated from July 12 to November
10 in 1989, and from July 23 to October 11 in 1990. During
both years; very few fish moved in either direction through
this mid-section of stream. During the second half of
July, 1989, 31 young moved into the downstream half of the
trap and two moved into the upstream half. Only six other
young moved into the trap throughout the rest of the season
(Table 6). In 1990, even fewer fish moved between the
upper and lower halves of the study site (Table 7).

Table 6. Numbers and mean total lengths of age-0 grayling
in the two-way trap, Deer Creek, 1989.

No. of age-0 caught Mean
Time Movement Movement length
period upstream downstream (mm)
7/12 - 7/31 2 27 15
7/31 - 8/31 0 0
8/31 - 9/30 3 1
9/30 - 10/31 0 1

10/31 - 11/10 0 1 74
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Table 7. Numbers and mean total lengths of age-0 grayling
: in the two-way trap, Deer Creek, 1990.

. No. of age-0 caught Mean

Time ‘ Movement Movement length

period upstream downstream { mm)
7/24 - 7/29 ' 0 31 14
| ' ) 7/29 - 8/6 0 1 14
| 8/6 - 8/28 1 : 0 48
} 8/28 -~ 9/25 ‘ 2 0 66
9/25 —_10/11 1 0 : 76

Lake Trap

' The lake trap operated fgbm July 12 to No?ember 10 in
1989, and from July 23 t§ Odtober 11 iq 1990.— In both
years, no age-0 grayling were trapped early in the séason.
The first movement into the lake occurred on August 18 in
1989, and on September 8 in 1990. The average size of the
first age-0 young trapped was 52 mm in 198§ and.54 mﬁ in
1990 (Tables 8 and 9). More.fish.moved into the lake as
the season progressed. ' ‘

In both years, only-é small proportion of age-0 young
in the .outlet stream moved into the lake by the time of
trap removal; 104 by November 10, 1989 and 23 by Octobef
10, 1990. Many young were present in the outlet stream on
both dates. Traps were removed when cold temperatures made

it likely that the lake surface would soon freeze. In

! 1989, ice had formed on the lake when the trap was removed.
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Table 8. Numbers and mean total lengths of young grayling
in the lake trap, Deer Lake, 1989.

No. of fish Mean total
trapped length (mm)
Date Age-0 Age-1 Age-0 . Age-1
f | 7/12 , 0 .0
‘ 7/18 0 o1
k 7/24 | 0 2
7/25 0 1
8/4 0 2
8/18 2 1 52
9/4 10 . 4 , 60 . 124
9/11 o 9 5 65 140
9/15 23 10 : 65 126
9/20 8 7 67 128
9/26 26 5 ‘66 133
10/4 9 - 4 70 122
.10/19 10 3 72 o121
11/10 7 . o 78 '
Total 104 45
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Table 9. Numbers and mean total lehgths of young grayling
in the lake trap, ‘Deer Lake, 1990.

No. of fish Mean

7 trapped - ‘ "length (mm)
Date Age-0 Age—l Age-0 Age-1
77/24 ‘ 0 0
7/28 ‘ 0 0
8/6. 0- 0
8/18 0 0
8/Zé 0 0
9/8 . 14 1 54 . 127
9/19 3 0 © . 59
9/25 2 r 65 119
10/10 A 66
Total 23 2

Movement of Age-1 Juveniles

-A few of the age-1 juvenile grayliﬂg still present in
the outlet stream moved into the three traﬁs. These fish
rénged in length from 68 mm in July to 166 mm in September.
In the falls trap, three age-1 juveniies were caught in
July 1989 and two .in July 1990. In the two-wéy trap, 14
age-1 juyeniles were caught moving downstream and three
moving upstream in 1989, all in‘July. In 1990,,th¢ two—wéy
trap cadght one, moving upstream, in August.

‘ Over the 2 year period, the lake‘trgp.cauéht the most

age-1 fish, The first was trapped on July 18, 1989 (Table
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8). The greatest number of age-1 juveniles was trapped in
.September 1989. Only two were trapped in the lake trap in

1990, both in September.

Irncidental Observations of Young in the Outlet Stream

On June 8, 1989, the surface of Deer Lake had begun to

thaw and I saw five age-0 juveniles and five adults in
small areas of open water in the outlet stream. Most of
the stream was still covered with ice at this time. On
November 10, 1989, I saw age-0 and age-~1l juveniles in the
upper half of the stream when most of tﬁe stream and all of
the lake Qas covered by ice. '
On June 12, 1990, I saw no adults, 15 live age-0, 2
live age-1, aﬁd 59 dead age-0 and age-1 juveniles in tﬁe
‘outlet stream, while the lake and most of £he outlet
surfaces were still frozen. On Juné 25, 1990, I countea no
adﬁlts, 56 live age-0, 2 live age-1l, and 53 deéd age~-0 and
age-1 juveniles in the upper-half of the étudy site., I
also found six live age-0 and one dead age-1 juveniles in
éhallow,‘slow water in the lower half of the stream. At

this time, there was ice covering the lake and part of the

stream.

Fr# Habitat Use and Preference

In all three surveys, age-0 grayling used some range '

of measured habitat characteristics at a significantly (p <
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0.05) greater frequency than the availability of that
characteristic. Age-0 Deer Léke grayling were most
frequently found'over the two finest substrate typés, silf
(type 1) and sand”(t&pe 2). Silt was most heavil& used by
young on all three surveys (fable iO, Figure 9),‘with
proportions of young over this substrate ranging from 0.44
to 0.59. However, silt was also the most abﬁndant
" substrate and was not used in greater proportion thén
available. Sand was the second most heavily used.
substrate, with proportions of dsage.ranging from 0.17 ‘to
0.21 among the three surveys. In éurvey 3, sand was used
in significantly greater proportion than available. Use of
béth gravel (type 3) and maérophyte vegetation (typé_G)
were low and dia not differ from availability on all three
survey dates. All macrophytes observéd were emergent
types. Use of the coarser substrates, cobble (type 4) and
boulder (fype 5), either did not significantly differ from
‘or was significantly lower than availability. ‘

The age-0 young were mést ffequently fqund‘within the
two distance categories closest to cover dn all three
sur?ey détes (Table 11, Figure 10). However,.the§ appeared
to preféf disfances farther from cover as they became older
and larger. On all three surveys, young were m&st
frequeﬁtly seen wi£hin the closest distance interval to
cover (0—26 cm), in proportions ranging from 0.35 to 0.61

(Table 11). However, this was also the most available
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" Table 10. Bonferroni intervals for substrate type at age-0
grayling positions for surveys 1, 2, and 3, Deer

Creek, 1990.

Expected Actual

Po, at the p < 0.05 level.

Ni= number of fish positions observed.

No= number .of loéations of availability measurement.

propor- propor-
tion of tion of
Substrate . usage usage Bonferroni
‘type . Ni Po Pi interval Code
‘Survey 1 (July 28) No=163
1 90 0.450 0.525 -0.22, 0.7 0
2 29 0.079 0.170 -0.19, 0.003 0
3 9 0.061 0.052 -0.06, 0.08 0
4 25 0.174 0.147 -0.08, 0.13 0
5 10 0.147 0.057 0.003, 0.18 -
6 9 0.089 0.050 -0.03, 0.11 0
Survey 2 (August 18) No=163 )
1 96 0.522 0.590 -0.21, 0.08 0
2 29 . 0.098 0.178 -0.18, 0.02 0
3 9 0.058 0.052 -0.06, 0.07 0
4 14 0.249 0.085 0.06, 0.27 -
5 13 0.068 0.079 : -0.09, 0.07 0
6" 3 0.006 0.016 -0.04, 0.02 0
Survey 3 (September 8) No=170
1 63 0.487 0.436 -0.10, 0.20 0
2 31 0.070 0.214 -0.25, -0.04 +
3 14 0.091 0.100 -0.10, 0.08 0
4 26 0.193 0.181 -0.10, 0.13 0
5 8 0.127 0.052 -0.01, 0.16 0
6 3 0.032 0.017 -0.03, 0.06 0
+ indicates Pi is significantly > Po, at the p £ 0.05
level. N
- indicates Pi is significantly < Po, at the p £ 0.05
level. : ) :
0 indicates no significant difference exists between Pi and
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Figure 9. Frequency of use (%) of substrate types by age-0
grayling in Deer Creek, 1990. + indicates
proportion of use significantly greater than
availability. - indicates proportion of use
significantly less than availability.
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distance interval (Table 11}, an& was actually used in
significantly lower proportion than available oﬁ all three
surveys. Use of this closest distgnce interval
progressively decreased from survey 1 to 3.

The next twoldistance intervals from cover, 21-40 and
41-60 cm, were used in greater proportion than available
on all three surveys. Proportion of young in the second
distance interval, 21~40 cm, remained relatively constant
at about 0.24 to O.Zé. Proportions of young using the
third distance iﬁterval, 41-60 cm, increased from 0.09 in
survey 1 to 0.13 and 0.26 in surveys 2 and 3,-respeétively.
Proportions of young that used distance intervals from
'covef beyond 60 cm were low and were not significaptly
different from availability.’

The preferred range of mean water column velocity
increased with time and therefore size of young (Table 12,
Figure 11). The average mean water colﬁmn velocity used by
young in survey 3 wés significantly greater (p < 0.05) than
the average used in survey 2. On all three‘shfyeys, young
most frequently occupied the sioweSﬁ range of water
velocities.(0—0{05 m/s), which was also the most available
(Tableglz). However, the proportion of young observed
within this slowest range of mean c¢olumn velocities
decreased from 0.91 in survey 1 fo 0.54 in‘survei 3.
Proportional usage of ﬁhis slowest velocity range alsp

changed from being significantiy greater than available
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Table 11. Bonferroni intervals for the distance to cover

at age-0 grayling positions in surveys 1, 2, and
3, Deer Creek, 1990.
Expected Actual
Distance propor- propor-

to tion of tion of
cover usage usage Bonferroni
(cm) . Ni Po Pi- interval ‘Code

Survey 1 (July 28) No=162

0-20 104 - 0.803 0.605 0.07, 0.33 -
21-40 42 0.111 0.244 -0.24, -0.03 +
41-60 16 0.025° 0.093 -0.14, -0.001 +
61-80 6 0.012 0.035 -0.07,.0.02 0
81-100" - 1 0.019 0.006 -0.02, 0.05 0.

> 100 3 0.031 0.017 -0.03, 0.06 -0

Survey 2 (August 18) No=163 . .

0-20 83 0.798 0.506 0.16, 0.42 -
21-40 41 0.123 0.250 -0.24, -0.,02 . +
41-60 = 21 0.018 0.128 -0.18, -0.04 ¥
61-80 4 0.012 0.024 -0.05, 0.03 -0
81-100 7 0.006 0.043 -0.08, 0.01 0

> 100 8 0.043 0.049 -0.07, 0.06 0

Survey 3 (September 8) No=170 ~
. 0-20 50 0.712 0.350 0.22, 0.50 -
21-40 41 0.106 0.287 -0.30, -0.086 +
" 41-60 37 0.082 0.259 -0.29, -0.07 +
61-80 9 0.041 0.064 -0.09, 0.04 0
81-100 4 0.018 0.028 -0.06, 0.04 0
> 100 2 0.041 0.014 -0.02, 0.08 0
+ indicates Pi is significantly > Po, at the p £ 0.05
level. '
- indicates Pi is significantly < Po, at the p < 0.05

level.

0 indicates no

Ni= number of fish positions observed.

significant different exists between Po and
Pi, at the p £ 0.05 level.

No= number of locations qf availability measureﬁent.
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significantly less than availability.
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in survey 1 to significantly less than available in survey
3. : |

- The next higher range of mean column velocities
(0.06-0.10 m/s’ was also the pext mgst frequently used and
the next most availgble. The proportion of young within
mean column velocities of 0.06—0.16 m/s increased from 0.09
in survey 1 to 0.36 and 0.26 in surveys 2 and 3,
respectively; Proportional use was significantly greater
than availability in surveys 2 and 3.

Mean column velocities greater than 0.10 m/s were not
used by age-0 grayling observed in‘sﬁrvey 1, but were used
by those seen in surveys 2 and 3. Mean water column
velocities 0.11—0;15 m/s were used in greatér proportion
than availability by thosé observed in survey -3. Only a
few young were observed tb use ﬁean column velocities
greater than 0;15 m/s in surveys 2 and 3, and proportional
use of these velocities did ﬁot significantly diffef from
or was significantly lower than:availability (Table 12).

The preferred total water column depth also‘increased
with time and éize of young (Table 13). Greater
proportions of observed fish positions were in deéper water
as the season progressed (Figure 12). The preferred range
of tqtal éolumn depth was 6~10 cm in survey 1, 26-30 cm iﬁ
survey 2, and 16-20 and 26-30 cm in survey 3 (Table 13,

Figure 12). 1In all three surveys, the shallowest, most
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Table 12. Bonferroni intervals for mean water column (0.6
depth) velocities at age-0 grayling positions in
surveys 1, 2, and 3, Deer Creek, 1990.

Expected Actual

propor-  propor-
tion of tion of
.Velocity usage usage Bonferroni
(m/s) Ni Po Pi ’ interval Code

Survey 1 (July 28) No=157 _ _
0.0-0.05b 155. 0.758 0.906 ~-0.25, -0.05 +
0.06-0.10 16 0.147 - 0.094 -0.04, 0.15 0
0.11-0.50 0 0.095 0.000 - 0.04, 0.15. -

~Survey 2 (August 18) No=162 :
0.0-0.05 95 0.673 0.583 -0.04, 0.22 0
0.06-0.10 58 0.161 0.356 -0.31, -0.08 +
0.11-0.15 10 0.056 0.061 -0.07, 0.06 0
0.16-0.50 - 0 0.110 0.000 0.05, 0.17 -
Survey 3 {(September 8) No=164 ‘

0.00-0.05 77 0.726 0.535 0.05, 0.34 . -
0.06-0.10 "317 0.104 0.257 -0.27, -0.04 +
0.11-0.15 26 0.049 0.181 -0.23, -0.04 +
0.16-0.20 3 0.043 0.021 -0.03, 0.08 0
0.21-0.25 0 0.012 0.000 -0.01, 0.04 0
0.26-0.30 1 0.012 0.007 -0.03, 0.04 0
0.31-0.50 0 0.054 0.000 0.01, 0.10 -

| + indicates Pi is significantly > Po, at the p < 0.05
. level.

- indicates. Pi is significantlyA< Po, at the p £ 0.05
level. '

0 indicates no significant difference exists between Pi and
Po, at the p £ 0.05 level.

Ni= number of fish positions observed.

No= number of locations of availability measurement.




44

100
A
. 80
Q
U
e
N 60
C
Y
O
F 40F
U
S
T
%
0
Figure 11.

Bl SURVEY 1
SURVEY 2
SURVEY 3

0-.06 .06-1 11-16 »16
VELOCITY (m/s)

Frequency of use (%) for mean water column
velocities by age-0 grayling in Deer Creek,
1990. + indicates proportion of use
significantly greater than availability. -
indicates proportion of use significantly less
than availability.
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Table 13. Bonferroni intervals for total water column. depth
S at age-0 grayling positions for surveys 1, 2, and

3, Deer Creek, 1990.

Expected Actual

Po, at the p £ 0.05 level.

Ni=.number of fish positions observed.

No= number of locations of availability measurement.

.Water propor- propor-
column tion of tion of
depth usage usage Bonferroni )
(cm) Ni Po Pi interval Code
Survey 1 (July 28) No=168 :
0=-5 14 0.339 0.082 0.14,. 0.37 -
6-10 75 0.274 0.439 -0.30, -0.03 +
11-15 46 0.173 0.269 -0.22, 0.02 0
16-20 24 ° 0.125 0.140 =-0.11, 0.08 0
21-25 5 -0.066 0.029 -0.03, 0.10 0
26-30 4 0.012 0.023 -0.05, 0.03 0
31-40 3 0.012 0.017 -0.04, 0.03 0
Survey 2 (August 18) No=165
0-5 14 0.346 0.086 0.14, 0.38. -
6-10 53 0.327 0.325 -0.14, 0.14 0
11-15 44 0.164 0.270 -0.23, 0.02. 0
16-20 21 0.109 0.129 -0.12, 0.08 0
21-25 14 0.030 0.086 -0.13, 0.01 0
26-30 14 0.012 0.086 -0.14, -0.01 +
31-35 2 0.006 0.012 -0.04, 0.02 0
36-40 1 0.006 0.006 -0.02, 0.02 0
Survey 3 (September 8) No=164 _
0-5 10 - 0.372 0.069 0.19, 0.42 -
6-10 26 0.305 0.181 -0.01, 0.26 0
11-15 37 0.189 0.257 -0.20, 0.06 0
16-20 32 0.092 0.222 -0.24, -0.02 +
. 21-25 11 0.024 0.076 -0.12, 0.02 0
26-30 12 0.006 0.083 -0.14, -0.01 +
" 31-35 9 ‘0.006 0.063 -0.12, 0.001 .0
36-50 T 0.006 0.049 -0.10, 0.01 0
+ indicates Pi is significantly > Po, at the p £ 0.05
level. '
- indicates Pi is significantly < Po,. at the p £ 0.05
level. .
0 indicates no significant difference exists between Pi and
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Frequency of use (%) of total water column depth
by age-0 grayling in Deer Creek, 1990. +
indicates proportion of use significantly
greater than availability. - indicates
proportion of use significantly less than
availability.
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available depth interval of 0-5 cm was used in lower
proportion (0.07 to 0.09) than available (0.34 to 0.37).
In all three surveys, youné used positions near the
stream bottom (Figure 13). Over 60% of all focal point
depths were 0 to 5 cm from the substrate surface, and over’
90% were 10 cm 6r iess from the substrate (Table 14).

Table 14. Focal point depths at positions of age-0 grayling
in surveys 1, 2, and 3, Deer Creek, 1990. ’

Approx.
mean
total
Survey length Proportion at focal depth {(cm)
date (mm) N 0-5 6-10 11-15 16-20 21-25 >25

July 28 15 17t 0.626 0.275 0.053 0.041 0.006 0.000
Aug. 18 29 163 0.687 0.227 0.043 0.037 0.006 0.000

Sept. 8 41 144 0.681 0.271 0.028 0.007 0.007 0.007

-~

The focal point velocities at all observed fish
bositions were less than or equal to 0.1 m/s (Figure 14).
In survey 1, 98% of measured focal_point velocities Qere in
thé range 0.0 té 0.05 m/s (Table 15). For surveys 2 and 3,
mofe‘than 77% of the velocities fell.in this range. The
mean focal point velocities of_surveys 2 and 3 are

significantly (p £ 0.05) greater.than that of survey 1.
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Figure 13. Frequency of use (%) of focal point depth by
age-0 grayling in Deer Creek, 1990.
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Figure 14. Frequency of use (%) of focal point velocity by
age-0 grayling in Deer Creek, 1990.
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Table 15. Focal point velocities at pdSitions of age-0
grayling in surveys 1, 2, and 3, Deer Creek,

1990.
Approx.
mean
total - :
Survey length Proportion at focal velocity (m/s)
date (mm) N 0.0-0.05 0.06-0.10 0.11-0.50
July 28 15 171 0.983 0.018 © 0.000
Aug. 18 29 163 0.767 0.233 u 0.000
Sept. 8 41 144 0.7178 0.222 - 0.000

Total Length of Age-0 Young on Survey Dates

The'me;n total length of age-0 young increased
throughout the summer months and between habitat use
surveyé. Also,; young in the-upstream areas cioser to the
lake were generally larger than those farther downs£reaﬁ
toward the waterfall. The mean total length of age-0 young
'in the first sufvey (July 28, 1990) was 15 mm for. the
entire study site. Dividihg.the study site in half at the
two-way trap‘(Figure 2), allows comparison of mean total
'1engthé in the upper and lower sections. In survey 1, the
mean total length of age~0 young was 17 mm in the upper
half and 14 mm in the lower half. 1In survey 2 (August 18),
the mean total length was 29 mm for the entire study site,
35 hm for the upper half,:and 26 mm for the iower half. In
survey 3 (September 8), the overéll mean was 41 mm, the
upper half mean was 48 mm, andfthe lower halfAmean was 33

mm. /.
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DISCUSSION

Spawning Population

The ﬁiming of Deer Lake spawning runs appears to be
influenced by water temperature. Adult grayling entered
the stream as ice meited off Deer Laké. Most'spawning
adults entered the stream when stream water'temperatureél
approached 6 C in 1989 and 7'C in 1990. This~ié éimilar to
relations between temperatﬁre and the timing of grayling
spawning runs in other Mon£ana and Wyoming lakesu(Kruée
1959, Petermaﬁ 1972, Lund 1974; Wells 1976).

The spawning runé in both years had a male:fémale sex
ratio close to 1.0:1.0, thch was also reported by Kruse
(1959) for Grebe Lake grayling. Hdwever, this is in
contrast‘to disproportionate sex ratios reporﬁed amoné
spawning adults from othgr iacustrine grayling populations
in Montana. Peterman (1972) and Wells (1976) reported
male:female ratios of about 3:1 and 2:1 among SPawnéfs from
Lake Agnes and Hyalite Resefvoirz respectively.

Conversely, Lund (1974) reported that females outnumbered
‘males by'about‘Z:I gﬁong spawnérs from Elk Lake.
In both years, thé mark and recaptufe runé were

conducted during the peak of the Deer Lake 'spawning run.
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Grayling did not have diel movements into and out of the
épawning stream, as descfibed for certain inlet-spawning
lacustrine populations (Peterman 1972, Lund 1974, Bishop
1971). Since adults probably entered the stream between
sampling runs, the assumption of a closed population was
not met, and the maximum likelihood estimates should be
used cautiously. However, it is assumed that all marked
fish were still in the stream at the time of the recapture
run, since the adults accumulated in the stream instead of
moving in and out on a daily basis. Thus, the spawning
population estimates represent the humber of adults in the
stream at the time~of the recapture run.

Deer Lake grayling mature when 3 yéars old, as they
approach the end of their fourth year of life. This is
characteristic of southern grayling populations (Kruse
1959, Kaya 1990). Average fecundity estimates, 2,989 eggs
per fish and 12.4 eggs/g fish weight, were similar to
estimates for other grayling populations. Peterman (1972)
found females of Lake Agnes to‘average 1,?50_eggs and 12.6
eggs/g. For.one population of Canadian grayling, Bishop
(1971) reported an avefage fecundity of 9,670 eggs and
about 11.0 eggs/g. 1In Elk Lake, Lund (1974) found
fecundity averaged 8,1%0 eggs and 21.9 eggs/mm, which is

greater than that seen at Deer Lake.
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Age and Growth

Deer Lake grayling are much smaller during their first

2 years than reported for other lacustrine populations
(Table 16). Growth during the first year is about one-half

that reported for other Montana populations. Back- .

calculated mean total length at age-~1 for spawhers was

similar to the back-calculated mean total lengﬁh (70 mm) of

age-1 young samplgd and also to the total lengths of age-1
young seen in the ouflet stream.during early summer. Thus,
the initial slow growth rate appears related to the
extended residence in the éutlet stream.

After immigrating tovDeer‘Lake,‘annual increments of
growth were similar to or greater than those of other
populations. -~ By the thifd yéar, the Deer Lake’gréyling
were similar in length to other populations (Fiéure 15).
The oldest fish I'confidently aged was 6 years old. Due to
the slower growth rate in later years it is difficult to
separate the later annuli and to determine the agetof'Deer
Lake gréyling.beyond 5 or 6 years. |

The growth rate of young grayling in the lower half of
the outlet stream was slower than that in the upper half.
This was probably dﬁe té'differences-in habitat quality
between the two.halves. The daily mean temperature iﬁ the
lower half was genéraily lower than that in the upper half

(Figure 4). The daily mean temperaﬁufe at the lake outlet.

more often remained within the optimal range for growth of
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'Figure 15. Compdrison of back-calculated mean total length
(cm) at annuli for grayling of Deer Lake and
other lakes in Montana.
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Table 16. Back-calculated mean total lengths (cm) at annuli
of grayling from Deer Lake and from rivers,
lakes, and reservoirs in Montana.

Population I IT1 I1II IV V  Reference

Big Hole River 19.8 26.1 29.2 31.6 38.1 Liknes 1981

Big Hole River 14.5 24.9 29.7 32.2 34.0 Shepard and

~ . Oswald 1989
Rogers Lake 13.7 24.7 28.5 30.4 . ‘Brown 1943
Lake Agnes 10.3 20.6 24.7' 26.5 'Peterman 1972

Grebe Lake 11.1 22.6 28.4 _ Kruse 1959
: {

Red Rock Lake = 15.1 28.2 -34.,3 . 37.3 39.6 Nelson 1954

Hyalite Reserv. 36.0 39.7 41.7 Wells 1976

Deer Lake 6.6 15.8 25.8 31.5 34.3

grayling, 12.8 to-15.5 C (Davis 1953), than that of the
lower half. There wére aiso greater daily temperature
fiuctuatiéns in the lower half. Thé_temperatﬁre.at the
two-way trab wés both warmer duriﬁg the day (at times above
20 C) and cooler at night than the outlet temperature.
This is possibly due to'the addition of bola spring water
énd the diurnal heét exchange in the slow shallow waters of
the upper half. It is alsd possible that more fodd is
available in the upper half through drift of plankton from
the lake. :There was‘aléo'more shallow water wifh‘siow t

current velocities in. the upper half.
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" Fryv Movement

The extepded residence of young Deer Lake grayling in
the spawning stream seems unidue'to lacustfine grayling
populations of Montana and Wyoming. Previous studies, all
on inlet-spawning populations, indicaée that young migrate
down to the lake shortly after becoming free swimming
(Neison 1954, Kruse 1959, Lupd 1974, Wellé 1976).

Small numbers of fry began moving into Deer Lake in
August, 1989 and in Septémber, 1990. Most ff& remained in
the outlet stream, even as water temperatures dropped and
ice began to cover the stream and lake surfaces. There
were also age-1 young remaining in the stream at thesé
times.

In June 1990, before the lake and all sfréam surfaces
thawed, both live and dead age-0 and age-1 young from the
pfevious summer were seen in the outlet stream. In the
shallower areas, I counted 59 fish, most aée;O and affew.
age~1, which apparently suffered winter mortality by being
trapped in areas Withduf sufficient dépth and currenﬁ.
Live young were also seen in the outlet before~all ice
\cleared ffém the stream surface in 1989. These
observations further support the probability that some
voung remain in the stream over wintér and thfodgh their
entire first yeér ana part of their second year. No adults

were seen in the stream before the lake began to thaw.
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Each year, large numbers of age—O.YOung were losf over
—ﬁhe_waterfall. Most downstream movement occurfed_in July,
at night, during or shortly after the peak period.whén fry
became free swimming. As summer progresse& the number of
young in the falls.trap diminished to zero.

In contrast, fry in the upper half of the site did not
move downstream and into the two-way frap. The‘two—way
trap was assumed fo‘have funétioned properly, since young
were not observed to congregate on either side.of the trap.

Loss over the falls may represent deliberate
downstream movement of young, or passive displacement.
Downsﬁream movement may have resulted from high &ensities
of young in the lower half of tﬁe stréém, where the major
spawnihg areas aré located.. Salmonid fry may move
downstream while searching for unoccupied and suitable
habitat. Moofe and.Gfegory (1988) found that by increasing
the amount of lateral habitat in a stream reagh, they

increased the abundance of cutthroat trout (Oncorhvnchué

clarki) fry énd reduced downstream‘ffy'emigration and
mortality. Newman and Waters (1989) found tha£ in a
residént population of brown trout most movement was by
young-of-the-year fish, and retention of young within a
stream section was directly related to the availaSility of
éuitable habitat. Elliott (1986) felt downstream‘movément
of brown trput fry may have survival value by‘enhancing

food supply and providing cover from adverse conditions.
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The greater availability of shallow areas with slow current

.velocities in the upper section may have kept fry from

moving downstreanm.

Since the.two—way trap demonstratednthat very few
young moved downstream from the upper half of the study
site, those that went ovér the félls must have originated
from the lower half. The origins of these young from
within the iower half is not known, since local movements
were not measured. Possibly, local movements of young
within the general stream section, result in some being

inadvertently carried over the falls. Also, faster current

. velocities in the lower stream section could sweep fry

downstream. One of thg principal spawning areas is within
50 m of the falls, and is separated from the falls'by a
narrow, mostly fast-flowing reacﬁ. It is likely that young
passing over the falls originated‘within close proximipy to
the falls, from eggs deposited there or from eggs that
drifted downstfeam from upsﬁream spawning areas. Since

grayling broadcast their eggs over the substrate, large

" numbers of eggs are displaqed downstream from the immediate

spawning areas. (
Ihf1990, 68% of fry moving downstream went over the

falls between 10 pm and 6 am. This pattern of downstream

movement is consistent with the downstream movement seen in

other grayling populations (Kruse 1959, Wells 1976). Lund -

(1974) found that 94.5 and 79.6% of graying fry trapped

~
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moving downstream were caught between the hours of 8 pm and
8 am. One explanation is that after dérk, salmonid fry may
lose visual contact with the physical characteristics of
their stream position and fail to maintain their position
moving downstréam with the current (Hoar 1853, 1958,
Northcote 1962, éited in Godin 1981). I£ has also been
proposed that nocturnal movement is an anfipredétion
mechanism (Ginetz and Larkin 1976,.Godin 1981, Bardonnet

and Gaudin 1990). |
| The downstream movement‘in the lower half, however,
could represent drift of unhealthy fish. Elliott (1956)

found 81% of young brown trout (Salmo trutta) in an Eﬁglish

stream died soon after becoming free sﬁimming and driftéd
aownstream, while those that_femained healthy hela their
position or moved upstream. The slower current Velocities
in the upper half may be insufficient to transport
unhealthy fry downstream. |

I do not know whether grayling that moved downstream
over the falls were healthy; or what percentage of all the
young produced in the lower section they represented.
However, maﬁy young were bresenf in the stream'throughout
the study period. |

ﬁy observations are not conclusi?e regarding the
reason for dowhstréam movement of young Deer Lake grayling.
Since aownstream movement over the waterfall results in

loss from the population, such movement, if intentional,

~
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may suggeét that the Deer Lake population has not
completely adapted to outlet spawning. Kaya (1989)
demonstrated that young Deer Léke gfayling have a greater
tendency, apparently génetically determined, to s&im
upstream than those of'an inlgt—spawning population.
Howevef, he also reportéd thatlmany-of thé young Deer Lake

grayling did move downstream, especially in darkness.

Habitat Use

There appear'to be specific habitat conditions which
are preferred by'young'grayiing. Armstroﬁgl(1986), in
feviewing'gfayliné research from Alaska, states that‘fry
occurred in quiet water, shallow riffles, backwaters,’side
channels, pools, and brushy or grassy areas of adjacent
sloughsl Optimal reariﬁg éreaé for fluvial grayling
contain at least 30% pools, backwaters, and side channels
with average current velocities <0.15 m/s‘(Hubert et al.
1985, Réynolds 1989). Nelsoﬂ (1954) found grayling fry
were meeroﬁs in Red Rock Creek f;r 2 to 3 weeks in
bacngters and areas with slow currents, but did not
measure these habitat parameters. Quiet, slow méving.water
appeared to Be most importént to the youngést grayliﬁg fry
of Deep Lake.

- The use of substrate type remained relatively constant
£hroughoutvthe study'period for age—d Deer Léke grayling,

ranging in total length from 11 to 59 mm. Over 70% of
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observed fish positions were over fine substrates. In
survey 3, éand bottoms were used in a greéter proportion
than available. "In all surveys, over half of the observed
fish pASitions were over silt. Lee (1585) reported that
yoﬁng grayling in an Alaska stream were predominately found
over éilt and gravel substrates. In contrast,‘McMichaél
{1990) found over T7% of young-of-the-year grayling in the
Big Hole Ri?er to be in positions over gravel and cobble
substfate and that these young pfeferfed large substrate.
However, age-0 young of the Big Hole River are much larger
than Déer-Lakg young at a similar time of the season.

In all three sufveys, age-0 grayling were moét
frequently observed within 0 to 20 cm of overhead cover.
Héwever, this still represented a lower proportional use
than expected. The young used distances farther from
cover, 21 to 60 cm, in greater proportion than expected.
These observafions appears related to their avoidance
béhavior. When age-0 young were disturbed, they respondea.
by swimminé to another iocatibn rather than by hidiﬁg under:
cover. This behavior was similar to that described by Lee
(19855, where age-0 fluvial gra&ling in an Alaska stfeam
sﬁam a%ay and did not use available overhead Qover~when
disturbed. In contrast, I obéerved age-1 grayling to usé
overhead covér when disturbed.

As age-0 Deer Lake grayling increased in to£al length,

there was an increase in mean water column velocity and
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totai water'column depth at obsérved fish positions. Lee
(1985) also found that grayling young in an Alaska stream
used greater mean water column velocities and dépths as
they increased in length. However, both the. velocities and
depths used by young in that study were greater than those
used by Deer Lake young of comﬁarable size. Since Lee did
not evaluate the availébility of different depthsﬂand
velocities, it is not known whether-thése differences are
reiated to the relative aQailability of habitat types
between the two study sites. .

A number of other 'studies on young salmonids,describe&
use of total depths and mean watef column velocities
similar to those used by &oung Deer Lake grayling. Elliétt
(1980, cited in Hubert et al. 1985) reported Arctic
grayling young (< 50 mm TL) selected mean water column
velocities in the 0.0 to 0.15 m/s range and depths which

ranged 9 to 85 cm. ﬂShirvell (1990)_found steelhead fry

(Oncorhynchus mvkiés) averaging 33 mm in length to occupy a
mean water dep£h of 38 cm and a mean water velocity of 0.05
m/s. Grant and Noakeé (1988, cited in Grant 1990)
suggested that 0.06 m/s is optimal mean current velocity
. for a 20 to 29 mm brook trout. |
Young-of;the—year Arctic grayiing.of the Big Hole
River most often used total water_polumn depths ranging
from about 10.to 50 c¢m and ﬁean‘ﬁater éolumn velocity of’

0.0 to 0.27 m/é (Skaar 1989, McMichael 1990). These
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grayling selec£ed deeéer‘depths and faster velocities at a
highef frequency than available. The depths and velocities
used by the Big Hole River Young include values which are
greater than those preferred by the Deer Lake young.
However, whep habitat use was measured, Big Hole young were
larger (60 to 110 mm TL) than Deer Lake young (15 to 41 mm
TL). Also, the.Big Hole River contains a’wider range of
depths and velocities than the Deer Lake outlet stream.

The higherAmean hatef column &elocities preferred Sy
largeriyoung may provide them with bet£ef feéding stations.
Fausch (1984) pfoposed that there exist optimal foraging.
sites which provide méximal'féod avgilability and. minimal
energy expenditure. Everest and Chapman (1972) showed that
faster‘current velocities carried more food than slower
ones. Therefore, it would be more beneficial for a fish to
be close to fast current if it can poéition itself so it’
does not expeﬁd excess energy maintaining ﬁosition in the
current {(Fausch and White 1981).

'Despite the change toward greater total depths and'
mean water column velocities ﬁith increasing size and agé,
Deer Lake ydung continued to_use'similar focal point depths
and velocities. Age-0 grayling used the siowest focal.
point velocities avéilable (= 0;1 m/s) in all three
surveys. The focal point depth ranged from 0 to 10‘cm-
'abové the substrafe‘ét over 90% of the fish,positions. Few

age-0 young Wepe'observed in the upper portions of the
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water column. This clqsé proximity fo the substrate may
enable the young to avoid greater water velocities. |

The change in habitat preference of young Deer Lake
grayling is consistent with other studies on young
salmonids. Larger fish\are better able’to use positions
with greater water velocity and are found in deeper, faster'
water.. Smaller fish seleét positions in slower water in
which they are better ;ble to maximize net energy gain’
(Gibbons and Gee 1972, Monshenko ana Gee 1973, Jones 1975,
\Bohlinv1977, Symons and Heland 1978, Kennedy and Strange
1982, Fausch 1984, Degraaf and Béin 1986, Kennedy and

Strange 1986, Hearn 1987, Newman and Waters 1989).
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MANAGEMENT IMPLICATIONS

My observations confirm that age-0 Deer Lake grayling
remain in the outlet stream for at least 3 months and
possibly through their first year. Thus, this population
appears to be the most promising, among lacustrine
populations of Montana grayling studied thus far, as a
brood source for future efforts to reestablish populations
in streams. While the last remaining fluvial populations
in the Big Hole River would be the obvious choice as a
source of fish for reestablishing stream populations, it
may not be desirable to have éll future stream populations
originate from that single stock. It is possible thaf
original stream populations in Montana were genetically
divergent (Kaya 1990). Genetic diversity between future
stream populations would likely be better accomplished by
having more than one brood source, particularly for waters
outside the Big Hole River dfainage. f

My results indicaté that age-~0 Deer Lake grayling use
shallow, slow-moving waters, particularly during their
first weeks after becoming ffee swimming. Thus,
availability of shallow waters (6-30 cm), with slow mean
colpmn velocities (0.0-0.15 m/s)7 and fine substrate of

silt and sand would be an important consideration in
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selecting prospective streams for reestablishment of
fluvial grayling populations.

The successful reproduction of the Deer Lake grayling
makes this a promising stock for establishing populations'
in lakes with no inlet spawning streams. The large numbers
of spawning adults and the ease with which they can be
captured wogld facilitate spawning operationé. Also, there
is a well-used U.S. Forest Servicevfrail betwéen the
highway and the lake:

Althoﬁgh this study was not concérned'with fishermen
use of the Deer lLake fishery, my casual observations
indicate that many persons hike or ride on horseback to
fish the'lake dgring summer. The relatively high
oécurreﬁce of hook‘scars (27-30%) suggests the magnitude of
fishing pressure. Despite its location iﬁ a designated
wilderness, 10 km from and 1,000 m above the nearest
trailhead, this resource is frequently used by‘outaoor
récreationists. Although the grayling population abpears
healthy at presént, £here'is the bossibility of future
problems. Thelléké is becoming better known for its
grayling fishing and grayling are easily caught. “Adult
grayling are.especially vulnerable t6 exploitation when
spawning in the outlet. My estimates of spawning aaults,
about 800 to 1100, can serve as a béseline for future
coﬁparisons. If the population shows evidence of decline,

it may be appropriate for the Montana Department of Fish,
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Wildlife and Parks to qonsider regulations to protect the
spawners, as is already done for fisheries of some other

lakes and reservoirs.
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SUMMARY

1. As icg melted off Deer Lake and the outlet stream
temperatures increased to about 6—7 C, an estimated 803 %
104 grayling entered the outlet spawning-stream in 1989,
and 1109 * 124 in 1990. Both spawning runs had a

male:female sex ratio of about 1.0:1.0.

2. Some age—O-and ége—l grayling moved upstream and into
the lake invlate summer and fall. However, mosf age-0
young remained in the outlet stream at the time traps were
~removed and ice was forming. There was very little
movement between upper and lower sections of the outlet

stream during the periods of observation.

3. Many young'moved dqwﬁstream over the falls, especiaily
during gnd shortly after the period of peak swimqp. Most
downstream movement occurred at night. These young
originated from the lower section, possibly from spawning
sites close to the falls.

{. Over 70% of young grayling positions weré.over silf and
sand} In survey 3, young gra&ling uéed sand substrate‘at a

higher frequency than its availability.
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5. The preferred total depth and mean water column
velocity (0.6 depth) of age—O'grayling increased with fish
growth, from 6-10 cm and 0-0.05 m/s wheﬁ about 15 mm TL, to

16-20 and 26-30 cm and 0.06-0.15 m/s when about 41 mm.

6. All observed age-0 grayling used the slowest focal

point velocities available (< 0.1 m/s).

7. Over 90% of focal point depths were within 10 cm of the

substrate surface.

8. Age-0 grayling did not selectively use positions near
overhead cover and did not appear to use cover when

disturbed. -

9. Deer Lake grayling grow very slowly during their first
year of life, apparently as a coﬁsequence of stream
residence. Hdwever, they grow rapidly in the lake and are

similar in size to some lacustrine populations by age 3.

10. With‘their allacusﬁpine spewning and thefextended
stream fesiaence of‘the‘yoﬁng, the Deer Lake population
could. provide a brooa source for transplants into other
lakes with only outlet streams, and possibly also into

streams.
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.

11. Despite the lake’s locétion in a designated
wilderness, 10 km from and 1000 m above.the néarest
trailhead, the population supports a popular fishery. it
may become desirable in the future to prétect adults during

the spawning season, when they are particularly vulnerable

to capture.




|
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