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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
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