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ABSTRACT

This is a study of certain features of the grayling population in Grebe Lake
(near the center of Yellowstone National Park) fundamental to its management
as a recreational resouroe. Field work was done in the summers of 1952, 1953,
and 1954.

Grebe Lake is an eutrophic body of water at an elevation of 8,000 feet. It has
an area of 145 acres and a maximum depth of 32 feet. The lake was covered with
ice 6~ months annually; the highest surface temperature recorded was 67° F. Pre
dominant insects by volume and number were the Tendipedidae (= Chironomidae),
larvae and pupae. By July 14, 1953, an oxygen deficiency in the waters below a
depth of 20 feet made them unsuitable for fish life. The grayling was introduced
in the lake in 1921. Rainbow trout were planted in 1907, and cutthroat trout in
lQ12 (only hybrid trout are present now).

In the population estimates of 1953-54 trap nets were utilized along with a mark
and-recapture method. Approximately 28,000 grayling were in the lake in 1953
and,27,OOO in 1954. The population of hybrid trout was estimated at 2,000 in
1953 and 2,500 in 1954. The standing crop of fish in Grebe Lake each year approx
imated 81 pounds per acre of which 73 pounds per acr~ were grayling and 8 pounds
per acre were trout.

Both the grayling and the hybrid trout spawned in all four tributaries and in
the outlet of Grebe Lake between mid-May and late June. The number of grayling
spawning in 1953 was 7,081 and in 1954, 7,878. Enumeration of the trout at the
same times showed 674 and 405, respectively.

During 1954 the natural fry production of grayling in the tributaries of the
lake was estimated as 236,500 or 2.5 percent of the estimated number of eggs
produced by the spawning adults. The greatest cause of mortality during the
early developmental period was attributed to dislodgment of the eggs either by
subsequent spawners or by changes in water level.

The time of annulus formation for grayling younger than 3 years was prior to
June 25. Accurate interpretations of age from scales of grayling after their third
year was impossible because of the small annual growth both in body and scale
lengths. An additional complication often resulted from an absence of a scale
annulus to designate the first year of life. This occurred on fish that were too
small to have had scales at the start of their second growing season. The grayling
reached the legal size of 6 inohes during its second summer of life and matured
during its third year of life.

The hybrid trout grew slower than the grayling during its first three years, but
faster after age 3. The legal size (6 inohes) was attained either in the second or
third year of life. Some males of age-group II had matured, but no females
matured until they were 3-year-olds.

Neither the grayling nor the trout was predatory. The food of the grayling
during its first year consisted of small nymphs of aquatic insects, amphipods, and
Daphnia. The major item in the diets of adults of both kinds of fishes was found
to be Diptera larvae and pupae.

Fishing pressure on Grebe Lake was light with a harvest of only 7.1 percent of
the estimated population or 6 pounds per acre in 1953, and 9.9 percent or 8 pounds
per acre in 1954.

The combined mortality from anglers and predators in 1954 approximated 4,200
fish or 14.2 peroent of the estimated adult population of 29,500 fish.
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GRAYLING OF GREBE LAKE, YELLOWSTONE NATIONAL PARK, WYO.

By Thomas E. Kruse, Fishery Research Biologist, BUREAU OF SPORT FISHERIES AND WILDLIFE

The holarctic gruyling, l'hymalhts arctir-wl
Pallas, is one of the rarest. North American game
fishes. Its loealized distribution on this eontinent.
as well as-the great beauty of the fish, have focused
the interest, ami concern of ichthyographers and
sportsmen on the species.

The first specimens to be collected in America
were from Winter Lake near Fort Enterprise
(Northwest Territories) and were identified by
Sir John Richardson who callen them Baek's gray
ling (Franklin 1823). The graylillg was subse
quently found in Michigan and Montana and in
many streams of Alaska and Canaoa eastward t,o
t,he western shore of Hudson Bay. This distribu
tional pattern was evidently the resulL, first, of
glaeial aet.ion which ext,ended the range south
ward, and second, of later habitat. changes whieh
left. only two relict populat.ions sout.h of thH
Canadian border.

The grayling of North Ameriea is conspecific
wit,h the Asiatic form, Thymallus arctic1ts Pallas
(Walters 1955;Wilimovsky 1954).1 Walters (1955)
further recognizes for North American individuals
the subspecies si!Jn~fer (for Alaska and Calltl.da .
specimens) and triclIlor (for Michigall-Montana
individuals).

In Eurasia, Thyma.llu.s arcticu.s occurs from the
Ob system of western U.S.S.R. to the east,ern
Siberian Coast (ineluding all streams draining int.o
the Bering Spa and the Penzhina River draining
into the Sea of Okhotsk), and south to the Baikal
basin, Sea of Japan basin, and the Yellow Sea
basin (Yalu River) (Walters 1955).

In Canada and Alaska the grayling is found in
the Arctic Ocean drainages, and from the Bering
Sea drainages and the Alsek River and Stildnp
system of Pacific Coast drainages, east to the
western shore of Hudson Bay. The soutliern limit
is the headwaters of the drain~ges concerned and
south along the west shore of Hudson Bay to just
north of the Nelson system in Manitoba (Walters
1955).

NOTE.-Approved Cor publicat.ion July 8, 1958. }'ishery BIIII~t.in 149.

In the tTnited States, t,he grayling was indig·.
enOllS to the following two areas: (1) the upper
part, of Michigan's Lower Peninsula, and in the
OU,er River of the Upper Peninsula (Hubbs and
Lagler 1949), and (2) headwaters of the Missouri
River above the Great Falls in Montana (Henshall
1902).

In Michigan, -the grayling is a fish population
of the past. Its disappearance has been attributed
to many factors. Those most often cited are
logging drives during the spawning season, compe
tition with other species, deforestation and con
sequent rise in water temperatures, and fishing
pressure. Streams such as the Manistee River,
where the grayling was onee so abundant that
two men and two women were report.ed t,o have
caught 3,000 individuals in 14 days and to have
hauled 2,000 of them to Chieago, al'e now harren
of the species (Creaser and Creaser 1935).

Transplantations from Montana hll.ve met with
little Sllceess in distant St,ates. Somewhat hetter
results have been at,tained hy stooeking within the
St,ate itself. Grll.yling int,roduced int.o Georgetown
Lake and Rogers :Lake, :tYIont., for example,
supplied for many years the majority of spll.wn
taken for fish cultural purposes by t.he Montana
Game and Fish Commission O\tIoffett 1950). How
ever, even within Montana the range of the gray
ling has decreased. It. is rarely observed in t,he
Madison River drainage and is absent. entil'ely
from the Missouri River, the Gallatin River, and
the main stem of the .Jefferson River. The only
indigenous populat.ion maintaining it,self at.
present is in the Red Rock Lakes region of the
Beaverhead drainage, where its mana~ement was
studied by Nelson (1954).

Foremost among the individuals who have
studied the grayling is Dr. C. J. D. Brown (1938a,
1938b, 1939, 1943) who did research on age and
growth. food habits, habitat, and spawning be
havior. Watling and Brown (1955) investigated
the early embryology of the grayling. Moffett
(1950) reported briefly on the status of the grayling
in Grebe Lake.
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Creaser and Creaser (1935) made a comparative
analysis of age and growth of the Michigan and
Montana varieties. Leonard (19390., 1939b, 1940,
1949) recorded a number of observations in Michi
gan on stocks transplanted from Montana. Miller
(1946), Rawson (1950), and Ward (1951) increased
our knowledge of the species by life-history studies
on the grayling in Canada. Wojcik (1955) also
made a life-history investigation of the grayling in
waters of interior Alaska.

In Yellowstone National Park; Wyo., the gray
ling occurred naturally in the Madison River and
its tributaries, upstream to major' barriers such as
the Kepler Cascades on the Firehole River and
Gibbon Falls on the Gibbon River. Transplants
within the Park have produced varying results.
Both North and South Twin Lakes provide good
grayling fishing for small fish, but the population
depends on regular stocking because there is no
natural reproduction of the species. The most
successful introductions have been those in a series
of three lakes (Grebe, Ice, Wolf), formerly barren
of fish life, above Virginia Cascades on the Gibbon
River. Grebe and Wolf Lakes are a direct part of
the Gibbon River system which drains into the
Madison River, and Ice Lake is a few hundred
vards from the main river on a SInall tributary. A
fourth grayling lake, Cascade, lies close t~ 'the
other three but is in the drainage of the Yellow
stone River.

An alarming decline in numbers of the grayling
in Grebe Lake occurred in 1948 and 1949. To
rectify this, the National Park Service, responsible
for preserving and maintaining the present stock
of grayling in Yellowstone Park, believed that
t~chnical management measures were necessary,
but basic .biological data on the species and on
Grebe Lake were lacking. This study, under the
auspices of the U. S. Fish and Wildlife Service, was
aimed at providing a scientific basis for the man
agement of the fisheries of Grebe Lake.

r wish to thank Dr. Karl F. Lagler, Depa.rtment,
of Fisheries, University of Michigan, for guidance
during this study and for critically reviewing the
manuscript. Field research was supervised by
Dr. O. B. Cope, Chief of the Rocky Mountain
Sport Fishery Investigations; equipment and funds
were provided by the U. S. Fish and Wildlife
Service.

ENVIRONMENT

.PHYSICAL CHARACTERS

Grebe Lake lies at an elevation of approximately
8,000 feet on Solfatara Plateau near the center of
Yellowstone National Park. This 145-acre lake
is contained in a circular basin. The volcanic
sand bottom is overlain by a blanket of muck
(decomposed organic mat.ter and silt) about 1 foot
thick. The prevailing westerly winds have formed,
through wave action, a narrow sandy beach on the
eastern side of the lake. A maximum depth of
32 feet was found near the southeast shore (fig. 1).
At, the outlet, remnants of a beaver dam have
raised the water level about 1 foot and formed a
shallow curving arm 50 feet wide and 300 feet
long.

Four major inlets enter Grebe Lake. These
quickly break up into many small, spring-fed
tributaries upstream from the lake. In addition,
seepage areas contribute t,heir flow, particularly
during the moist spring and early summer. The
outlet (Gibbon River) flows to the west and
empties into Wolf Lake (42 acres) about 1 mile
downstream from Grebe Lake. From there the
stream travels 15 miles westerly to unite with the
Firehole River and form the Madison River.
Four miles below Wolf Lake a 50-foot cascade
prevents any fish below the barrier from entering
the waters above (the Grebe Lake system).

Temperatures at the surface and on the bottom
of Grebe Lake were recorded continuously by a
Brown thermograph (fig. 2) placed near the deep
est area in the lake. Spring overturn occurred
during 1953 on or about the third day after the
ice completely left the lake. By July 1 the lake
had stratified thermally. Maxima of average
weekly surface temperatures (hourly interpreta
tions) were reached in 1953 and 1954 between
July 16 and 30 (fig. 3). Temperatures were still
increasing "at the bot.tom when the thermograph
was removed from the lake on August 27, 1953.

The highest daily temperatures were 65 0 F.
(at the 6-ft. level) on July 20, 1953, and 67 0 F.
(I-ft. level) on July 13, 1954. Daily surface
maxima occurred in the afternoons (between 1: 00
and 5:00 p. m.) throughout the season. A
surface minimum of 41 0 F. was recorded May 12,
1953. The daily range never exceeded 30 F.
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during 1953 (6-ft.. dept.h) or 4 0 F. in 1954 (I-ft.
level).

Thermal characteristics of Hatchery Creek, one
of the inlets, were also recorded by a thermograph
in 1953 and 1954 (fig. 4). Average weekly
temperat,ures rose rapidly during June, t,hen,
gradually until mid-July. The ma.'i:imum hourly
t.emperat,ure of 63 0 F. occurred at 3: 00 p. m. on
June 18, 1953. The daily peak was reached
bet,ween 1:00 p. m. and 5: 00 p. m. Daily minima
occurred between 5: 00 a. m. and 7: 00 a. m.
The greatest range for a 24-hour period was 23 0

(June 17, 18, 1953). The highest temperatures
occurred in late spring and re.sulted from flood
water, which flowed in a shallow layer over t.he
meadow surrounding Hatchery Creek, then drained
back into the creek bed above the thermograph.

CHEMICAL FACTORS

Grebe Lake stratified bot.h thermally and chemi
cally during 1953 and 1954. On July 14, 1953.

grayling and hybrid t.rout taken from trap net,s
set in water more than 20 feet deep were dead or
in distress when the nets were lifted, but not. so
for those in shoal sets. The results of a wa.ter
chemistry analysis made August 6, 1954. showed
that, the oxygen coneentmtion in t.he lake at the
20-foot level contained only 4.5 p. p. m. (54.4
percent. saturation) and decreased to 0.6 p. p. m.
(6.8 percent saturation) at a depth of 28 feet
(table 1).

Grebe Lake may be classified as an eut.rophic
lake with a deficiency of oxygen in its depths
during the period of summel: stagnation.

BIOLOGICAL FEATURES

Three species of plants dominated the vegeta
t.ion within l,he lake. Large beds of waterlilies,
Nuphal' polysepalum, paralleled the eastern shore
line and extended into the lake up to 100 feet.
On the hottom between water depths of 4 feet
and 15 feet laid a nearly continuous 2-foot blanket
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FIGURE 2.-Brown" thermograph and log raft as they appeared in Grebe Lake, July 1954.
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FIGURE 3.-Average weekly water temperatures (hourly observations from thermograph records) for Grebe Lake,
Yellowstone National Park, Wyo., during 1953 and 1954.
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:FIGURE 4.-Average weekly water temperatures (hourly interpretations from thermograph records) for Hatchery Creek,
tributary of Grebe Lake, Yellowstone National Park, Wyo., during 1953 and 1954.

Num· Volume IPerCt'nt·
ber (ee per volume

sq. ft.)

Depths greater than 15 Plant rlllSl's I (2 samples)
feet (23 samples)

Num· Volumc Percent
ber (CC per volume

sq. ft.)

Organism

Nematoda ._____ 96 0.40 J. iI I T . _
Ollgochaeta.._. • 1,352 2.80 11.97 25 0.05 2.38
Gastropoda . __ .__ 8 T . __ ._____ 43 T _
Pelycopoda_________ 1,056 4.00 17.09 ..... __ . __ ._._ ..•.•__ . _

~~::;~tii-a~~::: :::::::: ::::::::: ::::::::: ~ .~
Anlsoptera .••_. . _,_,. __ ,_ I .40 ----iii.-os
Trlehoptera (caseL_ 8 .20 .85 2 1.00 47.62
Tendipedldae (=

Chlronornldael_ __ 1,744 16.00 68.3S 1,736 .65 30.95

HISTORY OF FISH IN G~EBE LAKE

In 1907, lO·cans of eggs of rainbow trout (Salmo
gaiJ'dneri) were planted in Grebe Lake (annual
reports of Superintendents of the Yellowstone
National Park, 1908). In 1912, 300,000 fry of
cutthroat trout (Salrno clarki lewis-i) from Yellow
stone Lake were introduced (record cards in Chief
Ranger's Office, Yellowstone Nations.l Park).
Since that time the two salmonid species have
hybridized to such an extent that by 1952 no
fish were found which were definitely pure st,rains

I Each sample was arbitrarily the amount. of vegetation which Ililed R
2-quart jar without packing.

T ABl,E 2.-QlIu.litative analysis of bottom fatma f"om Grebe
Lake., 1952

mar-us, P.isidi·um, Diaptomus linton£, Daphnia
clathmta, and 01Jclop!~; (from inshore samples),
Ga.mmarus, Allorchestes, P-i.~idi'U1n, Cor£8a, Physa,
Ohironomous, Spongilla, Ne.phel-is, Cleps-i·ne.,
Ephemeridae, Odonata, and Haliplus.

7
o
5
4
4
o
8
6

n

Temper· Free M.O.
Location ature CO. pH alkalinity O. PerCt'ut

(degrees (p. p. m.) (p. p. m.l (p. p. m.) saturatlo
F.l

-----------------
Lake sur!I1CP... __ 62 5.0 7.2 14.0 7.6 IlI4.HeeL. _________ 62 4.5 7.6 18.0 7.4 102.
10 feet. __ . ______ AI 3.5 7.6 17.0 6.8 92.
15feet. ______ • __ 60 5.0 7.2 18.0 5.4 73.20 feet _______ . __ 53 12.0 6.4 18.0 4.5 54.
25 feet _______ . __ 50 21.0 6.4 17.0 1.6

1

19.
28 feet_ .••_.. ___ 50 16.0 6.4 17.0 .6 6.
Outlet. _•• _. ____ 58 4.0 7.2 18.0 8.8 115.

Tendipedidae (=ChirOJiomidae) were the most
important bottom organisms at all depths, both
in numbers and by volume (table 2). Forbes'
(1893) collections from Grebe Lake, t,aken before
fish had been introduced, included the following
forms: (from the bottom), OhiJ'onomous, Gam-

48'001 0-'9-2

TABLE I.-Physical and chemical features of Crelle Lake eJ"ll
A,tlg. 8, 1954

of Potamogeton rob-i·nsii. Through this dense
cover grew scat,tered patches of anot.her pond
weed, Poiamoget(ln amplifolius.

Bottom fauna was sampled with all Ekman
dredge (6 ins. by 6 ins.). St,andltrdized collections
with the equipment available were possible only
on bot,tom ,....ithout a vegetative cover s·t depths
above 15 to 18 feet. Two of the samples were
collected in sha-llow areas less than 18 feet. whel'l~

only vegetation was retained by t.he dl·ellge.
The organisms were I'insed from the plants and
enumerated for (l) general type anti (2) relative
abundance (table 2). Twenty-tlll'ee samples f!'Om
the open water of the lake were s.nalyzed.
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[Mollett, 191;0; stocking records are In Chief Ranger's Office]

I Remainder lost.
• Data on spawntaklng activity Is unavailable for these years.

TABI.E 3.-Annual removal of grayling eggs and stocking of
Grebe Lake, 1931-54

of cutthroat or rainbow trout. The hybrids have
the genera] appearance of rainbow trout, but
with a red slash on each side of the hyoid mem
brane. Hyoid teeth, a cutthroat characteristic,
were present in all specimens examined. Body
forms range ,from the typical elliptical shape of the
cutthroat to the blunt, stocky, high-shoulder
outline of the rainbow.

RECENT POPULATIONS IN GREBE LAKE

Chapman (1952) stated that for an unbiased
estimate of the true population the formula should

be N=~. With the use of either the Sehnabel
s+1

formula or t.his modification the author indicated
that the confidence interval on N could be deter
mined from the Poisson approximation given by
Chapman (1948).

In' 1953, the equipment used for the population
study consisted of 5 impounding nets. Two were
fyke nets on hoops 3~ feet in diameter; each
unit was 12 feet long, was made of I-inch mesh
(mesh sizes are stretched mesh), and had two
throats. Each net was also equipped with 12
foot wings but no leader. The third hoop fyke
net was 4 feet in diameter, 15 feet long, and of
2-inch mesh. The wings were 50 feet in length

grayling', egg" coinrn~tme~i.t~' ::l;>y':' ttJ,e, ,:fish'.. ~.ul,ture

statiort could.' be, filled..': .the;:'ia'ke \\"o:s "then "closed'
to fishing;' and, restocking,' '\rhi'd~' 'h.ad: 'b:~~ri:: r,~th~r
neglected for the prev.io,us 5years; 'was 'und~rtaken
vigorously. .', '

, Knowledge of population size and composition
(year-class and species) are' fundamental to the
predietion of angling success. Since the Grebe
Lake problem involved species interaction, knowl
edge of population size was particularly important.

POPULATION ESTIMATES

Populations of grayling and trout were approxi
mated by the Schnabel (1938) formula as modified
by Chapman (1952). With a population esti
mate of this type, fish are captured in successive
time units, unmarked fish are marked, and all
individuals are released. The ratio of tagged
fish (s) to total captures (n) in any sample pro
vides an estimate of the ratio between the total
number of tagged fish in the population at the time
of the sample (t) and the total population (N).
As the numbers of marked fish in the population
increase during the experiment, the ratio of sIn
also increases subject to sampliIig errors. Schna
bel used the method of maximum likelihood to
combine these sequential estimates into single

weighted mean such that N=nt.. s

700,000
140,000
650.000
735, 000
676, 500
400,000

1,000,000
384,635
80,000

1,009.410
1,120,631
1.021,000

484.084
None
None

153, 018
None
None

225, 000
500,000
300.000
3llO, 000
400,000
350,000

Eggs or fry
returned
to lake

750,000
768,000

2, 118, 400
4.443,000
3, 660,000
4.211,140
5, 715,000
5, 837,000
5, 117,368
4,660,209
5, 019, 403
4.093,589
3, 300,000
1,774,784
1,787,336
1.746,324
2, 178, 155
4,217,464
1.758, 155

1'~~'8451
(J)

1.708,910
428,800

Number of
eggsYear

Grayling were firsi pla.nted in Grebe Lake in
1921, when a million eggs were brought from
Anaconda, Mont. (record cards in Chief Ranger's
Office, Yf'llowstone Park). The species was
gradually established in the' lake and by 1930
large spawning runs were observed in the various
inlets. In 1932 a few eggs were taken artificially
on an experimental basis for hatching by the U. S.
Bureau of Fisheries. Results were so encouraging
t,hat a permanent hatchery was established at the
lake. In 1933, more than 2 million eggs of this
species were taken from Grebe Lake (Leach,
1934-35). Region II of t.he U. S. Fish and Wild
life Service and particularly the Park itself re
ceived most of the fish produced., The yearly
ta,ke of eggs and return of eggs and fry to Grebe
Lake (table 3) show how well the species estab
lished itself. An extremely low population oc
eurred in 1949 when so few spawQillg fish entered
Hatchery Creek weir that only a portion of the

11131 ._. _. _
1932. •• _
1933 • • • • • •
1934 • • • _
1935 _
1936__ • • • • • _
1937__ • • • • •_. __
1938__ • • • • • • • _
1939 • • _
uNo__._. • • • •__ ._•__
1941 __ • • • • • __
1942__ • • • • _. _
1943. __ • • • • • ._
1944_._. • • • _
1945__ • • • _' : _
1946__ • • • • _
1947 • ._. • _
1948_. • • • _
1949__ • • , • • _. • __
1950__ ._ • • __ • • • _
1951 • ._. • _
1952__ • . _
1953 • _. • • _. _. __
19M • •• _
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TABLE 4.-Number8 of fi8h captured by 30 nct set8 faced
randomly in Grebe Lakc in 1954

TABLE 5.-Fish co-nce·n.·tmtions in various part8 of Grebe
Lake as determined by net capture8 (1954 datal

Numberofsets.________ 13 10

Total eatch per set ---------1-----·--- -------.-
(both species). _'" 23.3 4.6 __~

shore were two to five times as effective as those
directed toward the center of the lake or parallel
to shore. Ali' analysis of variance between
numbers of fis4 captured during various facings
indicat~ significance at the 5-percent level.

In the evening feeding period, the grayling and
hybrid trout were evenly distributed about the
lake, as judged from patterns of rises. For. trout,
this conclusion was substantiated by net captures.
However, net lo~ationsalong the outel' border of the
lily pads and iIi the shallow eastern portion (fig. 5)
consistently\ resulted in more grayling captures
than those in any of the other areas (table 5).

In 1953, the average daily catch in nets during
the 33-day period was 40 fish (table 6). The trap
nets were the Iliost effective gear in this operation.
These two units accounted for 983 (74.5 percent)
of the 1,320 fish taken. By species, the trap nets
took 21.5 percent (284) of the hybrid trout and 78.5
percent (1,036)' of the grayling. Angling added
209 grayling and 67- trout to the marked popula
tion with 6 grayling and 4 trout recaptured by this
means.

The greater effectiveness of trap nets over fyke
nets in total catch of fish (fig. 6), and the difference
in sizes of individuals captured in the two types of

102

10.2

13

1.3

25

3.61. U

Direction of net

Trout Gray- Trout Gray- Trout Gray-
ling ling ling

Perpendicular, Perpendleular, Parallel to shore
toward shore away from shore

Catch

Total catch Catch per set Overall
Area ------- Num· ----- average

ber of catch
Trout Gray- sets Trout Gray- lIt'r set

ling ling.
--------- ---- ------ ------- -----
shelL _______ ._ 62 .254 17 3.65 14.94 18.59
ore.. _________ .• 29 79 10 2.90 7.90 10.80
s..•• ____ •______ 72 607 36 2.00 16.86 18.86

est shore________ 13 40 5 2.60 8.00 10.60
hore__ • _________ 42 148 14 3.00 10.57 13.57

---------------
otal. _________ . __ 218 1,128 82 2.66 13.76 16.41

Number captured______ 47 256
Average catch per

set .______ 3. 6 19.7

Eastern
South sh
Lily pad
Northw
North s

T

and were made of 2~-inch mesh. The remaining
equipment consisted of 2 trap nets (much as shown
by Crowe, 1950) having a pot" heart, and wings.
The pot was of I-inch mesh .and the heart and
wings were of 2~-inch mesh. When set, such
units tapered from the wings which were 2(J feet
apart at their outermost end, to the pot which was
5 feet wide by 8 feet long by 3 feet deep. All the
n.et gear was soaked in dark-green, copper
naphthanate.

In 1954, four trap nets and a seine were used to
capture the fish. Two trap nets were those used
during 1953. Two new units were identical with
the 1953 design except for a smaller mesh size (1 %
ins. rather than 2%-ins.) in the wings. Leaders
were not used. These new nets were preserved
with light-green copper napthanate. The tied
seine was 75 feet by 4 feet, with I-inch mesh.

In the population studies, both trout and gray
ling were taken from depths up to 30 feet. The
first sets made in deep water (more than 20 feet)
killed all the fish that entered the impounding nets.
Subsequently only the shallow portions of the lake
(less than 20 feet deep) were fished. These shoal
areas were sampled randomly by dividing a map
of the lake into a grid pattern, numbering the
intersections, and drawing numbered slips of paper
,to determine the sites. Nets were set, lifted each
morning, moved to the next predetermined
locat,ion, and reset. The few shallow areas where
seining was possible were fished 9 times at night
during the 21-day sampling period in 1954.

Captured fish were held in a floating live box
attached to a boat. The seined fish were towed to
the approximate center of the lake, fin-clipped, and
released. Fish from nets were distributed around
the lake as the boat moved from one net location
to the next. The left pectoral fin was removed
in 1953 and the right pelvic fin in 1954. Only
grayling in their third year of life (longer than 8.4
ins.) and older, and trout more than 5 inches in
length, were marked in 1954. The previous year
all fish captured were marked (minimum size 4.3
inches for grayling, 3.3 inches for trout).

The period of netting extended from July 8 to
August 9 (33 days) in 1953, and from July 1 to
July 21 (21 days) in 1954.

To determine the most effective direction to
face nets and capture grayling and hybrid trout,
30 sets were placed randomly. The results of the
collections (table 4) showed that traps facing the
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Northwest
Creek

Batche!'1 Creek

Trap

FIGURE 5.-Diagr!J.mmatic map of-Grebe Lake, Yellowstone National Park, Wyo., showing tributaries, spawning barriers,
and lake divisions used in netting analysis.

for an average daily catch of 64.3 over a 21-day
period (table 6). Fish seining on nine occasions
during the mark-and-recapture period took 174
trout (44 percent of total trout captures) and 225
grayling (17 percent of total grayling captures).

The population (fish more than 4.3 inches total
length for grayling and 3.3 inches total length for
hybrids) for Grebe Lake for 1953 was estimated
to be 28,956 fish or 77.3 pounds per acre (table 7).
In 1954, a comparable Schnabel-type estimate for
grayling over 8.4 inches and hybrids of more than
5.7 inches was 28,430 fish or 79.2 pounds per acre.

284
036
320
93
57
50

Average dally catch I Total catch
-----------------------------
Year Species Trap Fyke Total Trap Fyke Total

nets nets nets nets
-- ---------------- --- --- ---

{Trout___________ 6.8 1.8 8.6 224 60
1953 Grayllng________ 23.0 8.4 31.3 759 277 I,

Comblned ______ 29.8 10.2 49.0 983 337 1.{Trout___________ 10.4 119.3 ----- -_. 219 174 3
19M Gray1Ing. _______ 53.9 25.0 ----~ --- 1,132 225 1,3

Comblned ______ 64.3 44.0 -- .. ---- 1,351 399 1,7

TABLE 6.-Catch of trout and grayUng in different types
of -n.ets during the Grebe Lake population study (July 8,
1953-.4.1Ig.9, 1953, and July I, 1954-July 21,19541

-----------_._------------

gear resulted in the sole use of four trap nets in
1954 phis some seining at night.

1
2
3
9

Esti· Confidence Est!·
Nom· Recap· mated IImlt.~ US.per- Dlated

Year Species ber cap· tures popllla- cent I weight
tores tlon pounds

Upper Lower per

-- ----------
1953__

{Trout___________ 353 24 2,041 3,164 1,343 7.
Grayllng. __ •____ 1,251 22" 26, 915 42,662 17,370 70.

1904__
{Trout_____ • _____ 393 24 2,548 3,949 1,676 8.

Grayllng________ 1,357 30 25, 882 38,111 17,820 170.

I Confldence limits from table 1 Chapman (1948).
I Weight determined from length.weight relation by converting fish ll'Ilgths

In net~ to weights of fish in nets and thE'n assuming a proportional relation
between number of fish In nets and Schnabel estimate.

I Pounds per acre of grayling increased In 1954 beC8U.~ of the larger size of
fish the second year (average size 10.5Inche~ in 1953,11.0 Inches In 19M.).

TABLE 7.-Populat-ion estimates for Grebe Lake, 1953, 1954

The best results ill 1954 were obtained with the
two trap nets with a mesh size of 2~ inches in the
wings. These two nets were 3.5 times as succe~sful

as the small-meshed units of the same design.
However, the two nets with l}~-inch mesh wings
were treated with a light-colored preservative
(copper naphthanate); the other two were more
darkly stained in the preservation process. The
total catch of fish in trap nets in 1954 was 1,351

I Daily catch In vW'ious types of nets (2 trap nets, 3 fyke nets In 1953 and 4
trap nets plus seine In 1954).

I Dally average of the 9 days on which the seine was used.
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Trout

19S3

SO 100 IS~ 200 2S0 300 3S0 400 4S0

1

Gear

Trap 1 .iiiiii.iiiiiii•••••~~.....

ADgliDg --_......._.

net. 2" ••••••••••

F1ke 2 •••••

neta 3 •••

Total catch

Trout c:::::J

GrqliDg_

1954

1•••

Gear

Se1.

Trap 2•••••

neta 3.......-._'-.

SO 100 IS0 200 250 300 3S0 400 4S0

total catch
FIGURE 6.-Effectiveness of gear in capturing hybrid trout and graylip.g in Grebe Lake during the mark-and-recapture

Rtudy, 1953 and 1954'.

Methods of forming population estimates which
have been used by biologists and the prerequisites
necessary for the use of various methods have
been adequately discussed by Ricker (1948),
DeLury (1951), Cooper and Litgler (1956), and
others. It is essential, however, to indicate which
of these prerequisites have and have not been
fulfilled by this study and hence what reliability
can be placed on the estimated numbers of trout
and grayling. "

The first assumption of a mark-and-recapture
study is that either (l) marked fish distrihute them
selves randomly throughout the lake, or (2) that

the fish are capt"ured by a random placement of
the nets proportional to the population density
in different parts of the lake. Nets in this par
ticular study were set randomly and fish captured
were n~distributed in various parts of Grebe LakP
to ensure randomness.

Secondly, mortality among the marked fish must
not be greater than among unmarked individuals.
The result of such an error would be a decrease in
the marked specimens and a population estimate
that is too large. Ricker (1949) was unable to
demonstrate significant mortality in a population
of fish from which one fin had been removed, and
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no visible evidence of excessive, mortality was
observed by me. Frequently some fish were
weakened by handling and swam ncar the surface
in the live box. When released, these individuals
remained visible from the surface and became
targets for osprey after the boat left the area for
the next station. ,Such fish, visibly weakened,
were never marked. In 2 years, only one dead
marked fish was found.

A third assumption is that recruitment is negli
gible during the time recoveries are being made.
Recruitment contributed both trout and grayling
to the 1953 population, biasing estimates upward.
Although all grayling which were sampled during
the first year were at least in their second summer
of life, the smallest 2-year-olds (less than 4 inches)
undoubtedly passed through the finest mesh
(1~~inches), at least fc;>r the first part of the recap
ture period. The 1953 nettings captured no
grayling between 7.4 inches (largest 2-year-olds)
and 8.8 inches (smallest individual more than 2
years old). To minimize the effects of recruitment
in 1954 only grayling more than 8.4 inches were
marked.

Trout presented a different problem. In 1953,
trout as small as 3.3 inches were marked, however,
only 7 fish less than 5 inches were measured and
these few trout captures were all that recruitment
might have contributed to the marked population.
This errOll was negligible. In 1954, although
hybrids as small as 5 inches were to be marked,
no trout less than 5.7 inches in total length were

, captured by the seine, or less than 6.1 inches by
the nets. Since the 1954 gear would retain 5-inch
hybrids, recruitm'ent only slightly biased the 1954
estimates.

A fourth assumption is that no mortality, either
natural or by fishing, acts to reduce the population
during the recapture period. Grebe Lake was
subject to light fishing pressure both years during
the population study. Approximately 301 hybrids
and 343 grayling were caught by anglers in 1953
and 275 trout and 472 grayling in 1954 during
the marking period. Only four fin-clipped fish
were reported by anglers in the 2 years. That
some marks escaped the notice of fishermen, is
probable, since of 290 fish caught by angling and
marked by me in 1953 during ~he study, 10 of
these were recaptures. Thus more than 3 percent
of my captures had been marked, but only 0.3
percent were reported by anglers as fin-clipped.

The result of mortality during this experiment
undoubtedly increased estimates.

The fifth assumption is that there is no differ
ential availability of marked and unmarked fish
(that marked fish did not become "trap-shy" as
a result of handling). A means of checking the
number of recaptures by the net would be to
sample the population by a means other than trap
netting and compare the percentage of recaptures
by the new method to results obtained from trap
netting. Such samples were available in 1953 as
personal angling, and during 1954 as seining. I
was unable to demonstrate any significant differ..
ence between 1953 recaptures by nets and recap
tures by fishing of either hybrid trout or grayling.
In 1954, the ratio of marked to unmarked fish
was greater in the seine than in the trap nets.
A chi-square test indicated a significant difference
at the 95 percent level between grayling recap
tured in nets and recaptures by seining. Such
evidence suggests that marked grayling avoid
trap nets more frequently than unmarked indi
viduals. The result of such differential avail··
ability in grayling was to increase the population
estimate. Trout recaptures by the seine and by
nets were not significant at the 95-percent level.

Of the estimated populations, 16 percent of the
trout were captured in 1953 but only 4 percent
of the grayling. Thus there is evidence that the
trout are more susceptible to trap netting than
are the grayling.

An additional error appeared in the 1~53
estimate when the mean length was different for
fish captured by the different 'iypes,of gear (two
small-mesh hoop fykes, two trap nets, and one
large-mesh hoop fyke) (fig. 7). An analysis of
variance (table 8) of these 1953' data indicated
that this difference in mean lengths was significant
at the 95 percent confidence limits. The various
nets therefore sampled different parts of the
population, and each did so with its own effec
tiveness. It was for this reason that four trap
nets of a single design were used in 1954, but
unfortuna~ely all bias was not overcome because
the two newer nets were preserved with a light
colored copper naphthanate and had a different
mesh size in the wings.

An "analysis of variance (table 9) showed that
in 1954 the mean sizes of fish from the different
trap nets were significantly different from one
another and also from the seined sample. This
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meant that, despite precautions. again in 1954
the equipment was sampling different segments
of ·the population. Possibly this resulted from
using the fish captured in the twine of the wings
of the two large-meshed trap nets; this larger
mesh selectively retained larger fish.

The seine proved effective when used at night
close to shore. Seined grayling averaged slightly
smaller than those captured by trap nets. This
size difference was also significant (table 9) for this
species,' but such adifference could not be demon
strat.ed for trout.

TABLE 8.-An.alysis of vari(mce of mean. lengths of fish
taken in 6 nets in 195fJ population study on Grebe Lake

Sum Degrees Mean
oC or tquare F ratio

squares freedom
,-'--------

Means___ • _____________ 288.06 4 72.01 F _72.01=1698
• 4.24 .

Wlthin_________ .••. ____ 1,644.97 388 4.2,1 F05 (4,388) =2. 37

The error associated with samples stratified by
size will tend to increase populat.ion estimates.
Such an error is common to most problems though
unrecognized when only one type of equipment is

1953

1

P1ke
2

nets

1
Trap

Dets 2

I
2) I I I I I I Trout JI •

I I I I (~O)
(15) ~1;' §2R9

I I Hamber D .ample ( )

I 30)
I I L I I I

'I
(17)

I' I I 'I I I (t5)
(49)

I I I I
1i7)

()3)
(126)

I

3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

'fotal 1eDgtb (iDebes).
1954

1

Trap 2

nets 3

4

Seine

I I I I I I
63)

(272) II I I
(40)

I
(267)

II I
(6) I

r
(115)

I I rh1) 't'rout
4JJ Grll1'l1Dg I I I

I I I INu1IIber in 8IIIIIple ( )
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I I
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Total·leDgtb (1Dches)

¥'--e:E::r The vertical line represent. the averap 1eDgth; eDds ot the
broad horisontal band are 1 standard deviation !Tea the _all, aDd t.be
narrow 11118 i. the sbe I'aJII8 tor the part10uler gear 1Dd1cated.

FIGURE 7.-Comparison of lengths of grayling and hybrid trout in individual nets and the seine during t1}e 1953, 1954,
population study on Grebe Lake, Yellowstone National Park, Wyo.
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3
4
9
1

a

Grounds suitable
Distance Tot6.l for spawning

(fPet~ bottom
Waterways availa Ie area

to (square S~~~re Percent·
spawners feet) age 01

tot6.l are
--------------

Tributaries:
Hatchery Creekand branches. 4.000 19,727 15,053 76..
South Crepk•._.......•.•...• 678 3,965 2,870 72.
Creek 2.... _....... __ .•..... _ 1,000 2,767 552 19.
Northwest Creek._ ...• _..... 3,154 18,206 12,578 69.

Outlet:

G~~eOb~~z::)~~~~!~.~~~~_~~.1 8.106 Y3,938 42.1l45 45.

TABLE 1O.-Lengths, areas, and estimated amount o/stream
bottoms suitable lor spawning by grayling and hybrid trout
in Grebe Lake waterways (July 1Il3-1Il5, 1953)

The spawning season for both grayling and
hybrid trout in Grebe La.ke in 1953 and 1954 was
between mid-May and late June (fig. 11). Daily
average water temperatures during this interval
ranged from 40 0 t057°F.(tablesl1and12). The
t.empl'ratures mid-lake and just heneat,h the

Time and Water Conditions

mated by the following method. During the time
of hatehing and while fry were still present in the
streams, the farthest upst.ream locations of fry
were determined for each tributary. Measure
ments were then made from the first natural bar
rier above these fry to the lake. All distances were
reeorded by wading the creeks and measuring with
a I!lteel tape the distance traveled. On 3 of the 4
tributaries, greatest widths were taken at each
100-foot interval even to include undercut regions
beneath banks. On the fourth, Northwest Creek,
and on the Gibbon River, widths were measured
every 357 feet.

The variability of bottom types and of currents
made some sections unaeceptable to spawning
fish. In computing the amount of suitable spawn
ing grounds, the, seetions between each width
measurement station were evaluated separately
and the results were combined to obtain totals
(table 10). Visual estimates of suitability were
based on: (1) type of bottom (best-to-worst:
gravel, sand, and rubble), (2) speed of current
(slow or medium current preferred to a fast
velocity), and (3) general characteristic of the
stream for that section (riffles attracted more
spawning fish than did pools). In general, the
suitability of a section corresponded to the com
parative lllJmbers of grayling seen spawning in
the same or similar seetions the preceding spring.

68
7

00
00

TABLE 9.-Analysis 0/ variance o/mean sizes 0/ fish
capt"ured by various methods i-n 1954

Spawning Areas

Grayling. and trout spawn in all inlets and in the
Gibbon River below Grebe Lake. The area of
each waterway available for spawning was esti-

FACTORS CONTROLLING COMPOSITION
OF THE GREBE LAKE POPULATION

SPAWNING OF GREBE LAKE FISHES

used. Ricker (1948) considered errors introduced
through unequal vulnerability of fish of different
sizes not to be serious.

An initial determinant of fish population size is
the reproductive success of its components. In
the Grebe Lake system, ample spawning facilities
appear to exist for both the grayling and the hybrid
trout. Yet, in a search for factors limiting the
abundance of the grayling (which fluctuates dras
tically) thought must be given to undesirable com
petition, and possibly to predation by trout on the
spawning grounds that are shared in a very con
centrated way with the grayling.

Most of the information on the spawning popu
lations of fishes in Grebe Lake was obtained from
weirs. One of these fish traps was on Hatchery
Creek where grayling spawn has been collected
annually since 1931. Additional weirs or blockades
were installed in each of the tributaries of Grebe
Lake and in the outlet (the Gibbon River) about
150 yards downstream from the lake (fig. 5).

In 1953, when the snow melted, the large volume
of water from the surrounding mountains poured
into the inlets, clogged the traps, and allowed
many fish to bypass them. Only the installations
on Hatchery Creek (fig. 8), the outlet (fig. 9), and
South Creek withstood the high waters and" en
abled analysis of the spawning population. The
weirs and blockades (fig. 10) installed in the
Grebe Lake system in 1954 were more effective
than those of 1953, since improvements had been
madc in construction and the spring runoff was
spread over a longer period of time.

Observed F ratio
Method of capture Species F ratio (5'Jl('rccnt value)

Betwpen 2 types of trap nets.. {Trout•.•.• _ F=2.9i F.. (3, 691) = 2.
Grayling.. F=3.33 F" (4,278» =2.3

Between small mesh trap {TroUt. ... _ F= .79 F" (2,177) =3.nets and seine._ •••....•.... Grayling.. F=6.06 F.. (2, 366) =3.

-
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FIGURE S.-Hatchery Creek trap (with wire-mesh superstructure to keep out bears) in August 1952 after iron rack was
removed (at arrows) and fish were allowed access, looking westerly downstream with Grebe Lake in distance.

surface at this time were much like those of the
streams.

Within the foregoing extremes there were
behavioral differences within ,.and between the
two kinds of fishes in the 1ake (fig. 11). The trout.
did not have t.he definite peak of sp,awning migra
Lion (as reflected by movements into t.raps) t.hat
the grayling att.ained. In most. streams spawning
t.ravel st.art.ed 1 t,o 3 weeks earlier for the trout
than for the grayling (tables 11 and 12), and
cont.inued at a more or less steady rate throughout
the spring over the entire t.emperature span given
above. The range of daily averages was from 40°
F. to 50° F. when the grayling runs were heaviest..
Temperat.ures near the surface of Grebe Lake
were above 45° F. each year when grayling
migrations were maximal (fig. 11).

485001 0-59-3

Spawnina Populations of Grayling and Hybrid Trout

There were 10 to 20 times more grayling t.han
trout ascending the spawning streams in 1953 and
1954 (table 13). The actual grayling-trout rat.ios
were 10.5 to 1 (1953) and 19.5 t.o 1 (1954). The
difference in ratios in the 2 years might have
resulted from comparing an incomplete count.
(possibly selective) in 1953, with a relatively
complete one in 1954. In the later year, blockades
on Northwest Creek, Creek 2, and South Creek
seemed t.o have forced many spawners to accept
eit.her the outlet. or HatChery Creek as their
spawning site. This may have resulted in la.rger
counts' on these t,wo streams than would otherwise
have occurred.

Records of spawntakers enumera.ting weir cap
tures in' years previous to 1953 showed that few
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FIGURE 9.-Trap in Gibbon River outlet of Grebe Lake, showing downstream collecting pen (at arrow) July 7, 1954.

FIGURE 10.-Blockade on Northwest Creek during 1954. The picture was taken in July after the streamflow had dropped.
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FIGURE n.-Migration of hybrid trout and grayling into stream traps, and surface water temperatures (6-ft. depth in
1953, and 1 ft. deep in 1954) in Grebe Lake streams, 1953, 1954. Numbers of fish include only those moving to
spawning grounds.
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TABLE It.-Chronology oj spawning runs and average daily water temperatur68 (0 F.) Jor the Grebe Lake stream system (1959)

Locations, date, temperature

Grayllng.•.• ._ __________ _ First flsb._. . . _

Maximum activity . _... _

Last flsb. . . _

Trout "'" ______ __ __ First flsb _

Last fish _

Species Movements I
Hatcbery

Creek

June 14
(46°)

June 20
(44°)

June 26
(45°)

June 6
(38°)

June 20
(44°)

Outlet
Nortb. Soutb

Creek 2 west Creek I
Creek Up- Down·

stream stream
---------------_._--
June 17 Un· June 17 June 5 June 8

(43°) known (36°) (39°)
June 24 June 21 June 18 June 19

(43°) (50°) (50°)
July 2 June 24 July 3 June 26

(47°) (36°) (60°)
June 1 None June 1 May 27

(37°) (36") (38°)
July 3 . July 1 June 26

(47°) (57°) (63°)

I Movements recorded Were upstream only In tbe creeks, but botb directions In tbe outlet, as indicated.

TABLE l2.-Chronology o/spawning runs and averalle daily water temperatures (0 F.) Jor Grebe Lake (1951,)

Locations, date, temperature

Species Movements I Outlet
Hatcbery Nortb. Soutb

Creek Creek 2 west Creek
Creek Up- Down-

stream stream
--------------1-------------_·_-----------'--------

None June 5 June 4 May 19 May 19
(40°) (40°)

__________ June 13 June 12 May 21 June 2
(43°) (45°)

Grayllng_______________ _ _________ __ _ First flsb _

Maximum II(\tlvlty. _

Last fish. _

Trout . . __ . _. __ _ First IIsh. _

Last fish. _

May 25
(42°)

June 3
(41°)

JUDe 7
(39°)

June 13
(42°)

June 21
(46°)

May 24
(43°)

June 20
(45°)

June 21 June 20

May 26 May 27 None

June 21 June 21

June 19
(48°)

May 21
(41°)

June 11
(46°)

June 15
(47°)

May 19
(40°)

June 21
(SSO)

I Movements recorded were upstream only In the creeks, but botb directions In the outlet, as Indicated.

TABLE 13.-Comparison o/spawning migrants based on weir counts 7nOOe in 1959 and 1951" Grebe Lake system

Weir counts

Year and species Outlet
down
stream

migrants Outlet Creek 2

Upstream migrants

Hatchery Northwest South
Creek Creek Creek

Total Estimated Ratio
counted total grayllnll

to trout
-_·_----------_·_---------1----1-------------1-----1-------------

5,416 169 438 7.081 10.984 _... ~ ... _. --
18 2 .--------_.- 674 960 ---_. --- --------

5.434 171 438 7.755 11,944 10:5:1

5,971 754 413 7,878 7.878 ---_. _. -- ---
105 .45 -- - - ---- ---- 405 405 ------------------------------

6,076 799 413 8,283 8.283 19.5:1

263 392 403
183 374 97

446 766 ~

658 82 ---- ----- ---
143 78 -34

--------
SOl 160 34

19611

¥~~~~~:::=: ===:::::=:::===:=::::=:::::::::
Total . __I----I----I----I----1----1-----

1964Grayllng. _
Trout._. .. .

Total ~ _

trout spawned in Grebe Lake tributaries. How
ever, these observations were limited to fish enter
ing the Hatchery Creek weir. In 1953" only 18
pf the 5,434 fish which entered this particular trap
were hybrids. Spawning trout were relatively
more nUlllerous than this in other waterways,
but no two streams gave identical indexes of

relative abundance of the two species. In the
outlet, the Gibbon River between Grebe and Wolf
Lakes, hybrid trout comprised 41 percent (183
individuals) of the population migrating down
stream in 1953 and 18 perc-ent (143 specimens)
in 1954 (table 13). Approximately 50 perc-ent
of the fish coming upstream each year were trout;
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these were individuals moving toward Grebe
Lake, ostensibly to spawn in its tributaries.

From the weir counts it may be concluded that:
(1) currently far more grayling than trout use
Grebe Lake tributaries for spawning; (2) in
tributaries, competition between species for spawn
ing facilities seems minimal; (3) the Gibbon
River between Grebe and Wolf Lakes is used by
trout and grayling in about equal numbers and is
thus perhaps a site of active competition for.
reproductive locations; (4) grayling-to-trout ratios
based on weir counts for any single tributary are
not indicative of proportions of spawners of the
two kinds in Grebe Lake.

Length frequencies

Length-frequency data were taken on samples
of adult grayling trapped in both the 1953 and the
1954 seasons. Polygons of the 1953 data have
two distinct modes in the female segment of
spawners, and one in the male. In the 1954
material, three peaks are evident for males and
two for females (fig. 12). These crests could
reflect different age groups in the population.
However, growth of grayling in the Grebe Lake
watershed was so small in later life that age as
sessment was essentially impossible (see age-and
growth, p. 333).

Female grayling dominated the sizes below 11.4
inches (total length) in 1953 and below 12.2 inches
in 1954. This differential size distribution of
males and females is attributable to faster growth
in males than in females (as reported for the.
grayling in Norway, Huitfeldt-Kaas, 1927).

Hybrid trout lengths were much more variable
than those of the grayling. Although trout
length-frequency polygons show peaks (fig. 13), the
numbers of trout comprising each group were so
few that the modes expressed cannot be considered
as reliable indicators of modal lengths of succes
sive age-groups. Unlike the grayling (where
males grew faster than females) female hybrids
were of a greater average length than males
(fig. 13).

Sell: ratios

The potential egg production of a system
depends on the number of female spawners as
well as upon their individual capabilities. Gray·
ling in the blockaded streams,.vvere enumerated
by sex as they were passed over .the barriers.

The males were separated from the females on
the basis of the enlarged, sharply pointed, dorsal
fin that reached almost to· the adipose fin. This
fin in the f~males is smaller and rounded dorso·
caudally.

During the early part of the spawning season
each year, males of the grayling outnumbered
females in the traps on tributaries. As the runs
progressed, sex ratios assumed a more nearly
1:1 ratio and ended that way. Combined data
from 1953 showed 10 females for every 24 males
that entered Hatchery Creek trap (table 14).
That overall proportions may change from year
to year is suggested by the fact that the ratio of
all grayling trapped in Hatchery Creek in 1954
was inverse: 10 females to 7 males. This may
have been due to an actual decrease in relative
numbers of male grayling in Grebe Lake between
the two seasons.

TABLE 14.-Ratios of females to males (and sample size)
for spawning migrants of the grayling in the Grebe Lake
system

Down-
Upstream migrants stream

migrants ComblDed
Date total

Hatchery North- South
Creek west Creek Olltlet Out1l>t

Creek

1953. _ 1:2. 4 ----------- ----.------ 1:0. 7 1: 1. 3 1:2.0
(1,322) (151) (87) (1,460)

1954.. 1:0.7 1: 1. 3 1: 1.1 1:0.6 1:0. 9 1:0.9
(3, 634) (754) (413) (83) (669) (Ii, 553)

Gustafson (1949) found a 1: 1 ratio (93 females
to 92 males) among 186 grayling trapped during
spawning migrations from Lake Storsjo in Jamt
land, Sweden. Ward (1951) reported only 1 fe
male to 3 males on the Cold Creek (Athabaska
drainage, Alberta, Canada) spawning grounds but
a ratio of 5.1 females per male at the time he
trapped fish for spawntaking purposes.

Correct identification of the sexes in the hybrid
trout depended upon the observable presence of
eggs or milt. Of 234 ripe trout captured in 1953,
80 were females and 154 were males (ratio 1: 1.9).
In 1954, 141 females and 164 males were identified
(ratio 1: 1.2).

For the grayling, age on attainment of sexual
maturity was at least 3 years. In the hybrid
trout, it was 2 years in the males, and 3 in females
(see age-and-growth, p. 334).
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Total length 1D iDehe.

FIGURE 12.-Length-frequency diagram of Grebe Lake grayling captured during the 1953 and 1954 spawning migrations.

Breeding

Male grayling established territories on reaching
suitable spawning grounds. Such areas were de
fended vigorously against other males. The terri
tory varied in size with the extent of the bottom
available in that immediate region. In North-

west Creek, males had territories approximately
6 inches wide and 2 feet long. In the outlet where
the stream is about 8 to 10 feet wide, they were
as large as 4 feet square, or approximately one-half
the width of the stream at that point.

Water depth, did not seem to he important in site
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FIGURE 13.-Length-frequency diagrams of Grebe Lake hybrid trout captured during the 1953 and 1954 spawning
migrations.

selection by males. Some were in water so shallow
that their backs and those of the females were out
of water while spawning. Tryon (1947) published
a picture of a grayling on its spawning location
in water so shallow its dorsal fin was emerging
from the water. Other te:rritories used for spawn
ing were in the Gibbon River ~etween 4 and 5
feet deep. Because of the large number of spawn
ing fish, nearly every available location was pre
empted by males.

Fish on the spawning grounds became uneasy
at ~udden movements and shadows, but within a
matter of minutes returned to spawning activities.
Brown (1938) also observed that spawning gray
ling, though wary, were without apparent fear.

When fighting in defense of a spawning site,

the mouth of the guardian male was open slightly
so that the white lining inside the j'aw could be
seen. The dorsal fin was erect and the fish usually
threatened the intruder with slightly rigid body
movements, then, attacked him. After a few
such passes by the aggressive guardian. the intruder
would leave the area with the victor in close pur
suit. Some unwanted fish were chased as far as
·15 feet, after which the defending male would re-
turn to the particular part of his territory ·where
he consistently lay. .

Often two or three grayling of mixed sexes con
gregated below a spawning pair and appeared to
be consuming eggs that drifted downstream before
settling to the bottom. On one occasion a drift
net (described later, figs. 17 and 18) was set below
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an area (approximately 40 ft. long by 15 ft. wide)
in the outlet in which·several males and a few fe
males were spawning. Three pairs of fish spawned
from 3 to 40 feet above the net while it was in
position. The current velocity was about 3 feet
per second. Only 6 eggs were recovered by the
net (4 dead and 2 fertile) and these could have
been eggs from a previous spawning which were
dislodged from the bottom by the spawners.
Brown (1938b) also failed to collect eggs in a screen
placed directly behind spawning grayling. One
male and one female grayling were examined from
those spawning in this area. The male's stomach
contained no eggs, only caddis cases and amphi
pods. The female had recently swallowed a
single egg and was full of dipteran larvae.

The grayling in Sweden (Fabricius and Gustaf
son, 1955) is mostly polygamous. Three females
under observation spawned 19, 27, and 34 times,
respectively, in 1 day, the first 2 with 2 different
males; the third was with only a single male. The
daily peak of spawning activity of, these Swedish
grayling was in the afternoon. Males left their
territories about midnight and did not start return
ing until between 9 and 11 a. m. Grayling were
seen spawning in Grebe Lake tributaries at all
hours of the day, but no observations were made
at night.

Males attempted to spawn wit4 all females
entering their territories and sometimes with other
males. No females were seen to be attacked (as
was noted by Fabricius and Gustafson, 1955).
However, if the female was not ready to spawn,
she kept moving away, and took refuge under a
bank or among other fish. Often the male fol
lowed for as much as 8 feet, exhibiting courtship
behavior. The male drifted repeatedly toward
the female, inclining his dorsal side (particularly
his extended dorsal fin) toward her. When the
female was ready to spawlI, t,he male moved closely
against her to fold his dorsal fin over her back.
The male then vibrated his entire body while
maintaining a rigid form. The female, after 1 or
2 seconds, began to shiver. The two fish with
backs 'arched, headed into the current, and with
mouths gaping, sank to the bottom. A cloud of
silt and gravel was swept upward as the vibrating
caudal fins came liear the bottom; eggs and milt
were extruded at this time. Grayling eggs are
adhesive and when first released stick to the par-

ticles that are stirred up, and also adhere to the
bottom. Fabricius and Gustafson (1955) found
that in Thymallu8 thymallu8 the male also bends
his tail across that, of the female. The female of
T. thymallu8 curves her body and with vigorous
vibrating movements works her genital opening
deep into the gravel before extruding her eggs.

Brown (1938b) observed one female that
spawned twice within 45 minutes (each time with
a different male). He suggested that the egg
laying interval lasts from 2 to 4 days per individual.
I found that females placed within fenced
enclosures appeared to have completely spawned
on the fifth day. After completion of spawning,
the grayling moved back into Grebe Lake or Wolf
Lake.

Mortality

To investigate distribution of fish and natural
mortality, many spawning-run individuals were
marked and released in 1953 and returns sought
in 1954. In 1953, plastic streamer tags were
placed on 142 grayling (artificially spawned the
preceding day). These fish were then released
below Hatchery Creek trap. In addition, 153
individuals were similarly tagged and placed above
the trap to spawn naturally. Of the 295 grayling
tagged during 1953, 62 were recovered during the
1954 spawning migrations. Nineteen of these
had lost their tags. Of the 43 returns still carrying
their tags, 23 belonged to the naturally spawned
group and 20 to the group that had been artificially
spawned. It would appear that artificial spawn
taking incurred no greater mortality than natural
reproduction.

Both during 1953 and 1954, fish migrating into
streams other than Hatchery. Creek were fin
clipped. distinctively in each waterway, not only
to avoid count~ng individuals twice, but also to
identify further movements (table 15). In the
outlet, fish traveling upstream (into Grebe Lake)
had their right pectoral fins removed. The
adipose was clipped from downstream migrants.
During the 1953 population study, 1,032 grayling
were further distinctively fin-clipped (left pectoral)
and released.

Spawners marked in 1953 tended to return to
the streams in which they had been marked the
previous year, but some straying occurred (table
15).
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TABLE 15.-Nllmber and place. of fish marking in 1953, and 1954 recaptures

Locations and numbers of recoveries (1954)

Type of mark and place of release (1953) Species
Number
marked Outlet
re:Jed . -------

Up· Down·
stream stream

Hatchery North·
Creek 2 Creek west

Creek

South
Creek Total

-----------1---------·----1----1---- --- - -------------

~~~rc~g~;:;e~i:i~========:====:::====Right pectoral fin removed _
Outlet upstream -_.. ---------- ----
Left pectoral fin removed __ • _
Lake . --- ---. ---
Streamer tags •... -__ ---- ------
Hatchery Ore.ek..._. . __ --- .

Trout . _
Grayling • _
Trout . _
Grayling _
Trout. _
Grayling__ . _
Trout _
Grayling _

183
263
374
392
295

1,032
7

295

6 1 ---------- ______ ~ _ a_ 7
1 30 3 ---------- _______ ~ a_ 34
8 19 1 4 1 33
1 51 44 4 1 101
1 5 2 3 1 12
1 13 117 6 8 145

------ ----·---i- ::=:====:: -·-----55- ----··--2- --------4- --------62

I Parentheses contain number of fish In each group.

NOTE.-TotB! expected numher 8,638.358; maximum, 9,871,496; minimum,
7,405,221.

TABLE l7.-Potential grayling egg production on variou.~

Grebe Lake -waterways in 19.53

. TABLE 16.-Num.ber 6.f eggll per female (based on 37 S1Jed
·m.ens of th.e Grebe Lake grallUng 1.953, 1954) by t6tal
length groupings

668

o
264

28

146

South
Creek

1,1271,617192143350

Waterwa~'

713,020 291,320 391, 142 3, 4i6, 384 2,295,924 297,43

831, 1M 339,830 456,216 3,985,290 2, 678, 248 346,960

950,488 388,342 521,411 4,554,195 3,060,571 396,489

Outlet
----------~--~--~---~----

Creck Hatchery North·---1--- 2 Creek west
Up- . Down· Creek

stream stream

Number of spawn-
ing females •• __

Expectt.'d numberof eggs__ •. _
Maximum numbcr

(upper 95 percentlimit) . _
Minimum number

(lower 95 percent
limit) •. _

Number of females
and cxpeet.l'd egg
production

Confidence
Aver· Mean St.andard limits 95 per·

Size of fish age num· Range dcvlll' cent
(inches) size bel' of tiol1 -----cggs

Upper Lowe
----------------------
Below 10.95_____ ._ 10.5 1,889 1.348-2. 166 328.8 2,110 I,

I (ll)
10.95 to 11.95___ •__ 11.5 2.844 1.307-2,928 508.6 2,648 2,04

(13)
11.95 and over_ .• _ 12.4 2, 781 II'836-4. 166 855.8 3,298 2,

(13)
Comblned ________ 11.5 2,362 1,307-4, 166 700.6 2,596 2,1

(37)

In order to estimate poteiltial and total egg
production, females of the grayling spawning in
streams were grouped in the same length intervals
as above. The potential egg pl'Od~ctioil for the
different inlets and the outlet were computed for
the 2 years (tables 17 and 18). The results
showed an approximate total egg potential of
8,640,000 in 19.53 and 10,600,000 in 1954.

EGG PRODUCTION, DEVELOPMENT, AND
HATCHING

Perhaps the most fundame.ntal of all factors
controlling populations is the annual recruitment
to the breeding stock. The greatest mortality is
suffered before, during, and immediately after
hatching. To obtain an insight into the amount
of mortality in the Grebe Lake system during
these early stages of fish life it was necessary t,o
develop experimental procedures for estimating
egg production and fry returns to Grebe Lake.

Fecundity of Grebe Lake Grayling and Trout

A knowledge of potential egg production III

spawning was prerequisite to later estimates of
fry yield. Eggs were taken from 37 spawning
grayling and counted. These 37 fish were in
three total-length grollps; (1) less than 11 inches,
(2) "between 11 and 1~ inches, and (3) 12 inches
and longer. The average number of eggs of
females, respectively, in the foregoing length
groups were: 1,889, 2,344, and 2,781 (table 16).

These values are not greatly unlike ·t.hose found
by othe.r investigators. Brown (1938b) stated
that grayling trapped at Grebe Lake in 1935
averaged 1,650 eggs per female. One 12-ounee
specimen (approximately 14.5 inches total length)
contained 5,563 eggs. Brown (1938b) also found
3 females in Georgetown Lake which averaged
32 ounces and contained 12,946, 12,642, and
8,135 eggs, respectively. Rawson (1950) reported
most of the females used for spawn-taking at
Reindeer Lake, Alberta, Canada, in 1948 and 1949
produced from 4,000 to 7,000 eggs apiece with a
few of the largest containing more than 10,000
eggs per female,

485001 0-59-4
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TA BLE IS.-Potential gra,yling egg production on va7'ious
Grebe Lake waterways in 1954

Waterway

N~~:~~~~l~~~l:: ==~~I~ _ -:eek IHa:~e~J~~rth--~:::
2 Creek west Creek

Up- DowlI- Creek
stream stream

---------1----------------
Number of spawn-

346 3,512 429 201Ing females _______ 51 ~ ~ --_. --
E~f:~~s~ __ ~_~~I:~~_ 122,481 830,947 -------- 8,434,349 1,030,278 482,718
Maximum number

(upper 95 pereent
1,184.641 555,041limit) . ____ • _______ 140,831 955,444 -------- 9,698,037

Minimum number
(lower 95 percent

706,449 875,915 410,394limit) _____________ 104,130 -------- 7,170,661

NOTE.-Total expeel.t>d number 10,900,773; maximum, 12,533,944: mini
mum,9,267,M9.

, ,
,Fewer hybrid t.rout were collect,ed for egg count.s

t.han grayling. The average number of eggs for
each of 10 female trout (average size 12.2 inches
total length; range 9.0 inches to 14.8 inches) was
approximat.ely 780 eggs (actual count). .. Pot.ent.ial
egg product.ion was derived for t.he ent.ire syst.em
each year (table 19). This expect.ed number of
hybrid eggs was about. 257,000 in 1953, and
143,000 in 1954.

Egg-Development and Hatching

Eggs of the grayling bf'come fully waLer hard
ened at· 24 hours and mea-surp. 3.74 to 3.85 milli
met.el'S in diameter. Hat.ehing sta-rts on day 16
and is complet.ed by day 21 at an average wa-tm'
t.emperature of 51 0 F. (range 460 -61 0 F.) (Wat
ling and Brown,. 1955). At Grebe Lake, the
earliest hat.ching is about. June 25 in the out.let. and
the latest, about August. 9 on the rest of t.he t.ribu
t.aries except. Sout.h Creek (latest hat,ching dat.e
observed on South Creek was July 23>. Although
females spawn approximat.ely in n 1%-month
period, most. of the eg~ hat.ch and t.he fry drift.
into Grebe Lake within a lO-day period. Thus
fry from 'early spawning adult.s apparently have
lit.de growt,h advant.age over' the fry of late
spawning adults.

TABLE 19.-Pote"/ltial trout egg production -in Grebe Lake
1953-54

Appruxi- Egg production
matcnum- Number of --Year bel' of eggs per

female f~m ..lel Exp!'cted Maximum Minimum
spawners

-- .1953_________ 331 775±216 200,525 328,021 185,029
1PM_. _______ 184 775±216 142,600 182. 344 1 102.8.'i6

I BlISt'd on 10 femal..s (awraRe t.otlll lengU, 12.2 inel",.; ronge 9.0 til 14.R
Inl'h!'.). The range of the number of egg. per female wa.' 335-1,294.

Determination of Natural ~atchlngMortality

In the Grebe Lake system two met.hods were
used to appraise the effieieI).ey of natural spawning
of grayling in producing fry. One was by the use
of t.raps to collect all possible fry of a known num
ber of gra.yling and the other was by setting drift
net.s in tributaries at intervals during the t.ime of
downstream migration of newly hat.ehed fish.

Above t.he int.ake dam for the fish cultural sta
t.ion, Hatehery Creek is repeatedly and naturally
divided. The many individual tributaries of its
system ha.ve permanent sources in springs or are
of teniporary derivation from melting snow. The
dam at the station effeet,ively blocks fish from
further upst.ream migration into t.he tributaries
above it. A.lthough ascent may be possible during
high water of some spring seasons, no adult fish
were observed above the dam.

The mninstream of Hatchery Creek, 300 yards
above the dam, is approximat.ely 2}~ feet wide and
}6 foot deep during July and August. Since this
s'tream is spring-fed, the temperature remains low
and fa.irly eonstant. in these months with mean
daily values approximat.ing 47 degrees F. One
section of this creek, about, 70 feet long, was
sepnra.t.ed from the rema,inder by }~-ineh hardware
('lot.h screens nt· its upper ltnd lower ends. The
hottom wit.hin this enclosure was composed lRl'gel~'

of gravel and rubble up t.o 6 inehes in greatest
dimension. The CUl'rent vll,ried wit.h a maximum
of about. 2 feet per second. Where trash accumu
lated along t.he screening at the lower barrier, a
shallow pool 1 foot long and 1 foot deep wus
formed.

Fift.y yards downstream from the lower ba.l'l'ier
a fry trap of t,he inclined-plane t,ype (Wolf 1951)
was installed (fig. 14). The t.rap consisted of a
board dam from the top of which a screen trough
slanted down to the holding pen or pot. below t.he
dam. The slant of t.he t,rough was adjust.ed so
t,hat most of t,he water fihered t.hrough t.he sereen.
The overflow currying the fry dropped into tIll'
holding pen. Screeri. for the entire unit. (plane,
trough, and pen) was 12 meshes per inch.

On JUlie 22, 1953, five ripe female grayling and
five ripe males were placed in the fenced sect,ion
of t.he' stream. The average size of the females
was 11.3 inehes (range, 10.4 to 12.0 ins.) and t.hat
of the males 12.0 inches (range, 11.2 to,12.3 ins.).
When these fish wom removed two weeks later
(July 2), apparently all had spawned. The
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FIGURE H.-Inclined-plane fry trap used in Hatchery
Creek, July 1954.

abdomens of the female fish were f1abbv 'l1nd no
eggs could be st,rippcd from them. On".June 29,
the fry trnp had been installed.

Fish first appeared in the trap on July 7, ten
days after its installation. Three trout (Jess than
3 inches in length) entered the trap bet\~een July
; and July 26. Grayling fry first appeared on
July 25, a,bout a month af~er the eggs had been
spawned. A total of 177 grayling fry and three
hybrid fingerlings were counted in the int,erval
from .July 7 to 'August 9. On 'August 18 electric
shocks failed to yield any a.dditional fish. The
number of eggs contuined by t,he five female!>
stocked in the enclosure was estimated (method
in table 16) to have been ll,247±1,567 and the
1110rtnlit)' wns 11,070 ± 1,567, approximately 98
percent.

The previous experiment was repeated in 19,::;4
with minor differences. The mesh size of the
screen plane, trough, and pot was finer (14 per
inch) and the t.r'ap was installed immediately aft.er

the spawners were placed in the fenced section.
Lengths of the five females were from 10.4 to 12.1
inches and averaged 11.8 inches. The five males
ranged from 11.2 to 13.2 inches in lengt.h and
averaged 12.1 iilches. The ripe aduIt.s were placed
in the area on June 18, and removed .June 23.

As a result of having ·the fry trap installed
simuIt.aneously with the adults, a measure of egg
loss was obtained. The first eggs appeared in
the pot on June 19, and the last drifted down into
it on July 3. A total of 829 eggs accrued. This
represented 6.8 pereent of the estimated number
of 12,139 eggs in the five females (based on
table 16).

The first fry, three in number, entered the trap
July 20. Small fish continued appearing until
August 6, but only 505 fry (4.2 percent of the
estimated potential number) drifted into the trap.
Percentagewise this was t,wice that of the pre
vi,:)us year, and probably resulted from the greater
efficiency of the 14-mesh-per-ineh screen used' in
1954, rather than from the different chronology
of events.

All of South Creek was utilized for a similar
study in 1954. On June 4, 201 females of the
gra.yling and 212 males were placed above the
blockade. The fish were removed 2 weeks lat,er.
Below the bloekade a dam was built to raise the
water level and a Wolf-type trnp was installed
(fig. 15) similar to the one on Hatchery Oreek.

The first fry appeared in the trapping basket
July 5, and although they continued to come until
July 28 most of the young had entered t,he trap by
July 15 (fig. 16). This weir was t'emoved August
3, when no fish could be seen in the creek. A total
of 11,404 fry were actually counted. The number'
of eggs liberated by the 201 spawning females
was approximated at. 482,718±72,323. The fry
returned represented approximately 2.4 percent
survival of the expected numbet, of eggs, quite in
line with the ot,her two experiments of smaller
seale.

A similnr survival study with hybrid trout
indicated that trout hatch much later in Grebe
Lnke streams than do the grayling. Although 16
female trout were used for egg production, only
12 small trout fry had been recovered by August
30 when the experiment was terminated. Some
cutt,hroat trout in Yellowstone Lltke overwinter
in smal.! tributaries (I~aakso and Cope, 1956) and
such an occurrence may also be common for
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FIG RE IS.-The SouLh Creek fry Lrap and the method of countin young fish.

Grebe Lake hybrids. Vib('rt-L~'l)l' cOllLniners
(Vibert 1950) were used in Hatchery Creek for
comparing development times between gruyling
and trout. IL was found that ull grayling rgg
had hutched by the 19th cluy of incubution, but
the last trout fry did not appear until the 37th
day (water temperatmes 39.0 0 F. to 48.4 0 F.).

Number
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FWUIlF. lB.-Daily movement of fry dO"'n~Lrealll ill{,o
South Creek fry trap, July Ifl5.J.

Since.it was impossible to measure the actual fry
productio~ 01\ all creeks, a method of estimation
was devised utilizing drift nets. Each net was
built on a recUUlgulilr fmme made of }~-in('h iron
rod,2 feet wide and 1 foot high. To this frame wns
attached a bag of bobbinet nylon (26-mesh-per-inch),
sewn to the iron rod by 11 strip of telll <:annlS (figs.
17,18). The n.yloll bag was 6 [eel in IpngLh to
eWlble exhaust of large volumes of water. In
.:\orthwl'sL Creek the following method of cap
turin'" frv with these nets was used. A board 1

b •

by J2 by 36 illches was notched just smallel' thi\.ll
thr drift net frame openi.ng. A ledge of wood
lx·low the notch supported the frame when it
was in place. This board wns placrd in the c1'('rk
to function us a dam. It was sealrd with a
sheet. of canvas a.nd both the dam and Cl1tlyas
\\"('re held in place with gravel. All of the stl'rflm
How ran ov('l' the notch into the nylon bag. Tile
lIe(, itself WfiS further supported by fl, rope from
a stake on hore to a snap on the upper edge of the
frame. Two 24-hour periods of sampling were em
ployed. The net WllS placed in the stl'~am for a
15-minut,e interval and removed for 30 minutes
while the counts were made The Lime of O"l'eatest
• '. b

fry movement OCCUlTed between 7:30 p. m. and
10:30 p. m. (fig. 19). Fi h that hat. h d c1urinO" th'
.b

dayhght hours could be seen aceumulating in liLlIe
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FIGURi: 17.-Drift net used on Northwest Creek July 1954 looking upstream.

FIGURE 18.-View looking downstream into drift net and board dam on Northwest Creek, 1954.
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FIGURE. 19.-Movement of fry into Grebe Lake over a 24-hollr period as reflected by drift net captures on Northwest
Creek, July 19, 22, 1954. Each dot represents a 15-minute collecting period.

quiet-water coves and in eddies along shore.
These fry moved. to faster water about dark,
drifted downstream and entered the nets in large
numbers until 10:30 p. m. Consequently, from
7:00 to 9:00 p. m. was used daily for sampling the
fry production. The percentage of a day's ex
pected total capture that would be expected be
tween 7:00 and 9:00 p. m. was calculated from the
24-hour sets. The daily 2-hour tabulations were
then expanded into total daily hgures and the re
sults combined to give itn approximation of total
fry production in the stream.

From the results it was estimated that 58,893
fry entered the lake from Northwest Creek in 1954.
A total of 329 females and 425 males had been
counted upstream. It was visually estimated that
100 more females spawned below the barricade.
This total of 429 females would have an egg poten
tial of 1,030,278± 154,362: The estimated number
of fry represented a return of 5.7 percent (upper
limit 6.7 percent; lower 5.0 percent). Although·
this approximation is higher than counts on other
areas where all fry were captured, grayling were
not confined to a particular section as in Hatchery
Creek and had more spawning area available per
individual than on South Creek.

The natural fry production of grayling in the
Grebe Lake system in 1954 (table 20) may be
approximated from the several sources available
in these data as 236,448. The estimated return

to the lake by Hatchery Creek is based on the
2.362-percent return found in South Creek. That
for the other tributaries is founded on fry move
ment studies in them.

In the literature, no direct comparisons on mor
tality of the grayling in early life history stages
in North America were available. Gustafson
(1949) in his study of the grayling in Sweden
captured 0.26 percent of the fry from the esti
mated total number of eggs laid in a stream during
the spawning season. However, he reported that
some grayling stayed in these streams for 4
summers, so this did not represent the true
survival from eggs to fingerlings.

Foerster (1938), from three tests of natural
propagation, found 1.13, 1.05, and 3.23 percent
survival of sockeye salmon from estimated egg
deposition to the seaward migrating smolt stage.
Brasch (1949) in Wisconsin reported an 80 percent
survival in five brook trout redds. Hobbs (1948)
in New Zealand found a 59 percent to 87 percent
survival to fry of all eggs deposited by brown
trout.

The real causes of the high mortality of natur
ally spawned grayling eggs could not be identified
with certainty. Nevertheless some possible ex
planations are discussed below. They lead to the
conclusion that the greatest losses are due to egg
dislodgment and subsequent current transport of
eggs from the spawning beds.
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spawned. In my experiment on Hatchery Creek,
829 eggs (of a possible 12,13'9) drifted into the fry
collecting basket.- That some of these eggs were
dislodged by factors ot,her t·han spawning activity
was shown by the fact that 125 of them entered
the basket after the adult fish had been remove(\
from the enclosure. Obviously these eggs had
become separated from the substratum through
agencies other than the action of adults. How
ever, there was- no observable movement after the
second week of. the 5-week coll~cting period.
Slight changes in 'water level and current velocity
seem accountable for part of the displacement
which occurred.

AGE AND GROWTH OF GREBE LAKE FISHES

A knowledge of the age composition of the fish
population as it relates to sexual maturity, legal
size limits, and growth rates in .other areas was
obtained by taking scales from Grebe Lake fishes.

Scales from hybrid trout and grayling were
collected in 1952,' 1953, and 1954. A subsample
of 15 fish in- each l}~-inch size grottp was utiliz~d

in 1952 and 1953. In 1954, five male and five
female grayling in each one-half-inch size int.erval
were collected and used. ..,\ll trout scales obtained
were utilized in age and growth ~tudies.

For use on a microprojector, imprints of gray
ling scales were made in plastic (0.02 inches thick)
by use of a roller pres!'.. These plastic impressi~ns

were supplemented by water mounts and glyeerlll
gelatin slides of some seales of grayling older t,hall
age-group III when it became necessary to observe
whether or not growth had been added in the
posterior margin of the scale. Trout scales were
cleaned and mount,ed on glass slides in a glyeerin
gelatin medium.

For calculation of growth histories, trout scales
(magnification 82.7) were measured from t.he focus
to t.he ant.erior margin along an imaginary line
bisecting the scale (fig. 20). Average scale lengtl~s

for each age group were calculated for each prevI
ous year of life. These average scale readings
were then convert.ed into average fish lengths by
t.he formula:

Fish length at. annulus X =
(Tot.al fish length- k) (Scale radius to annulus) +k

Tot.al scale radius

The constant (k) is a correet.ion factor derived
from the scale-body relation. In 1953 the value of

2
48

I Estimated Iry production lor Hal.chery Creek based on 2.362 percent
return in South Creek and expected number 01 eggs rcle'!S"d by spawning
Iemales minus the 1,400,000 removed by fish cultural actiVIties.

Low efficiency in fertiliza.tion.-Several authors
have comment,ed on the small amount of milt
produced by males of the grayling (Brown 1938b;
Rawson 1950). However, in nature the efficiency
of fertilization seems high. In 59 naturally
spawned eggs from Alberta, Canada, Ward (1951)
found only two that were unfertilized. In the
Grebe Lai\.e hatchery, fertilization, as measured
by fry hatch is usually more than 90 percent... ,

Egg predation.-Predation on eggs often reduces
the numbers available for hatching in fishes but
does not seem to be important in the Grebe Lake
system as shown by food studies by me, or Brown
(1938a). I recovered only 37 eggs from stomnehs
of 13 femnle grayling, and none from 4 trout
captured on the spawning grounds. Brown
(1938a) found 137 eggs in two Grebe Lake gray
ling taken from spawning weirs and :~5 eggs in
two fish of six that he sampled in Agnes Lake,
Mont. Eggs eaten at spawning apparently rep
resent a "cleaning-up" of those that drift down
'stream and would therefore' be lost to production.
I have never observed a grayling engaged in
!"Ooting eggs on the spawning grourids.

Dislodgme.nt of e[lgs during inc'/tbation.-A factor
in the mortality of eggs is movement nfter they
have been laid on the spawning grounds. Both
reproductive activities of the grayling itself and
environmental forces are accountable. In areas,
such as the tributaries of Grebe Lake, where many
adults are crowded for reproduction, it is inevitahle
that spawnings occur repeatedly over the same
sections of stream bottom. After water harden
ing, eggs are not adhesive and, when dislodged by
subsequent spawners, are swept downstream.
Some of the embryos may be killed by water
turbulence and others by sharp contact with the
bottom. Stm others may be deposited by the
CUlTent in habitats unsuitable for development.
I witnessed dislodgment many times, and Nelson
(1954) found evidence of it in the eggs that he
collected from pools where the grayling had not

TABLE 20.-Spawllinf/ populations and estimated fry return
to Grebe Lake of grayNng in 1954

Hatch- North- South
Grayling ery I west Creek Total

Creek Creek
-----------

Fema.le spawners. ___ . ___ .. ______ 3.512 429 201 4.14
Estimated Iry production. ___ . _., 166,151 58, 593 1 11,404 236.4
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Fll1URE 2D.-Scale of a 4-year-old hybrid trout (t.otallength 12.7 ins.) captured July 13, 1954, showing terminology uscd
in identifying variolls regions. Fish did not have scales at the start of its second summer and annulus I is missing.
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k was 2.07 Ilnd in 1954, 2.40. The. procedure of
averaging scale measurements follows that sug
gested by Van Oosten (1953).

Measurements of grayling scales (magnification
41.5) were made from the estimated center of the
focus to a ventral scale margin (expressed as if in
situ on the fish). Back caleulll tions were mllde
from scale averages using the above formula and 8.

correction factor (k) of 0.86 in 1953 llnd 1.14 in
1954.

Problems in Age Assessment of Grebe Lake Grayling

Definition and validation of the annulus

The initial problem in age assessment of gray
ling scales is the definition llnd validation of the
annulus. The interpretation of llU of the marks on
the scales of grayling collected during 1952, 1953,
and 1954 from Grebe Lake was not clear even
after a detailed analysis.The following information
was developed during the study.

The first. and second aunuli on grayliug scales
were formed when growth resumed or accelerated
in the spring (figs. 21, 22). A clear hyaline border
first formed around the scale and was followed by
a shadowy circulus which started near the antero
lateral border llnd developed both in the anterior
field and caudally until it was continuous around
the margin. This year mark exhibited strong
"cutting-over" of the outermost incomplete circuli
in the posterolateral corners of the scale.

Annuli later than the first two were preceded
in the anterolateral corners by a clear hyaline
area and usually by broken circuli along the
anterior border of the scale. Posterolaterally
such year marks might cross only one or two
circuli and were seldom complete in the posterior
field after the third annulus.

The time of completion of annulus formation
for yearlings was found to be in the third week of
June, by the following procedure. In 1954, collec
tions of grayling, which hatched the previous
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FlIlURE 21.-SclIh.. £1'0111 a l-year-old grayling (total length 5 ins.) c.apturl'd June 8, H154. Annulus ha" jl\>:t heen completed.

yenr, were mnde nt intervals throughout the
growing season by seining along the shore of the
lake after dark. The series was started on May
24, 4 days after the ice disappeared from Grebe
Lake. Lake temperatures ranged at this time
from 44° F. at the I-foot level to 41 ° F. at 25 feet.

Hatchery Creek (the main tributary) reached a
maximum of 49° F. during the day and a mini·
mum of 34° F. at night. By June 18 when an
nulus formation was 94 percent complete (table
21), lake temperatures averaged 1° F. higher
than each of those given above.

TABU: 2I.-Time of a'll1lulus formation in (;rebe Lake-grayling entering their second ~IOl/.lIl~r

Number
without
scales I

Sampling date. 19M

I
Total length, inches Percentage Percentage Nnmber of

Number of with with new circuli
specimens annulus annulus beyond

Mean Range started completed annulus____. L 1 1 ----- --------

7 2.36 I. 3-4. 0 0 0 0 2. 3.01 I. &-4. 1 83 0 0 1
20 3.28 1. &-5.1 90 15 I}-I 0
19 4.03 2.1}-5.2 100 94 1 2
27 4.18 2.3-5.3 100 100 2-4 2
21 4.59 2.8-6.2 100 100 4-5 1
21 4.50 3.2-6.2 100 100 7-9 5

122 ------------ ----------~- ------------ --------_ .. _- -- ---- - _._- 13

~:~ ~~3i-_'_~:::::::: :::::::::::::::::::::::::::::::::::::::::::::::::June 8 .• .. ... _., 00 ._. __

June 18 • .. 00 ..

June 26 . . _
July 6 , . . .' . _
July 18 , • • 00" _. __

1----1----11-TotaL . . . __ . . _

I Number without sc,l.1es at Hme of annnlus formation. -
, All fish smaller than 3.9 inches were examined. Of these, all specimens from 3.6 inches to 3.9 inches and larger fish randoml)' chosen had scales developed

at time of annulus formation.
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annulus ,
annulus II

FIGURE 22.-Scale from a 2-year-old grayling (total length 9.2 ins.) captured June 10, 1954. Annulus has been completed
for the present year.

Two-year-:old grayling averaged very little
earlier than yearlings as to time of annulus for
mation. All thirteen 2-year-olds collected be
tween June 10 and 26, 1954, had a complete
annulus for the current year. The first fish taken,
June 10, had already added 4· to 6 new circuli
beyond the second year mark.

Three-year-old grayling had a different growth
pattern from younger ones. The fish of age-group
III reported on here were trapped during their
first spawning migration. No scales from 3-year
olds less than 13 inches in total length" had an
evident a:p.nulus during the current year. How
ever, some fish longer than 13 inches showed a
sub-marginal third-year· mark. Consequently, 1
year was added empirically to the age of all fish
3 years old and older, when the expected year
mark was not evident at or near the scale margin.

Growth subsequent to the third annulus was
small and slow in both body and scale lengths.
In age-group III during the remainder of the 1954
season, I found. individuals in the last· week of
.July that appeared to have just completed their
third annulus. By the end of the first week of
August, all specimens clearly of this age-group
that were studied had deposited only one to three
new circuli beyond the year mark. In years of
life after the fourth, growth continued slow or
ceased altogether, making further annulus recog-
nition impossible. .

Failure of first annulus to appear·

A second problem in the age assessment of
grayling scales was the apparent failure of annulus
I to appear in certain fish and in .certain years.
The year 1953 was such a year in Grebe Lake.
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The late breakup of ice in June 1953, with its
associated retarded season, might explain the
number of yearlings captured throughout the
spring and summer of 1954 (table 21) whieh were
too small to have seales at the time of annulus
formation and hence lacked annulus I. The
sU1'vivors of these small fish would thus occur in
later years as a year older than their scale record
shows. The scales of such individuals appeared
to be recognizabl~by the great distance from the
focus to the first annulus in relation to the pattern
on the scales of individuals that became yearlings
under conditions favoring "normal" growth and
scale formation. In grayling belonging to year
classes previous to 1953 and which started growth
during seasons about which I have no information
concerning early spring conditions, I assumed
5}~ inches to be the maximal amount of growth
that could be expected of a grayling in Grebe
Lake during the first year of its life. All fish
caleulated to have attained more than 5% inches
at the end of their first year of life were considered
to be without annulus 1. The data were adjusted
accordingly by adding 1 year to the observed age.

Failure of scale growth and effect on annuli

The third problem of age assessment in grayling
scales is that beyond the age of III (sometimes
beyond age II) annulus formation is uneertain.
As stated, there was little growth after 3 years of
age. Furthermore, on some scales there was
evident disappearanee of parts of previous circuli
and annuli after the third winter. Erosion .of
circuli in grayling has been noted previously by
Brown (1943) who stated that such erosion was
superficial, not peripheral. and therefore did not
influence growth calculations. However, when
only one or two circuli were deposited between the
third .and fourth year marks and erosion occurred,
it sometimes became impossible to interpret the
correct age of the fish.

Two sets of experimental data demonst,rated
the age assessment complications resulting from
the failure of scale growth and resorption of seale
markings in or after the third year of life. One
set was from a lot of known-age grayling intro
duced into Grebe Lake and the other was from
returns on individuals eaptured, scale-sampled,
tagged, and released.

In 1949, the small number of grayling spawners
led to the planting of 125,000 fry and 100,000

eggs for the first stocking in 3 years. The 1949
year-class appeared strongly in 1952 as 3-year-old
fish (90 percent of the sampled population
belonged to age-group. III). In 1953, fish that
dominated the samples had the following char
acteristics: (1) a st.rong third annulus, (2) some
growth beyond annulus III, and (3) It circulus
near the edge of the scale having all the criteria,
though weakly, of a true year mark, with a little
additional growth beyond. Scales from these
grayling could have been assessed in one of two
ways: (1) as 5 years old, by assuming the cireulus
near the margin which crossed one or two other
circuli and was continuous through the antero
lateral corners was a true annulus, or (2) as 4
years old, by considering the mark just described
as a false annulus·or a eheck.

In 1953, 300 grayling were tagged with white
plastic streamer tags (see .Joeris 1953, for tech
niques and description) and released in Grebe
Lake. Of 43 recaptures made in 1954, 38 had
belonged to the age-group with the same scale
picture as the fish that dominated the catch in
1953. These fish showed only one or two new
circuli and no more annuli than were present the
previous year. Thus the grayling tagged in 1953
and recapt,ured again in 1954 could have again
been' called 4- or 5-year-olds on the basis of their
scale markings. The year's growth of these
tagged individuals averaged only 0.3 inch. The
circulus near the edge of the scale, which could
have been interpreted as an annulus the previous
year, often appeared eroded and indefinable in
the recaptured fish. The tags themselves may
have had a detrimental effeet upon these fish as
was found with the use of jaw tags on pike (Wil
liams 1955) or trout (Alvord 1954). However,
the scale morphometry of untagged grayling in
1953 and 1954 (fig. 23) was so s,imilar to the tagged
fish of approximately the. same size that correct
age assessment for the population older than
3 years remained in doubt. The modes of length
frequency diagrams (if valid as indicative of age
groups) suggest a growth of 0.4 inch between the
fourth and fifth years of life for the males of the
spawning popul~tion (fig. 12); growth in the
tagged males averaged bnly 0.1 inch less. Scale
increments related to body increments as small
as this do not show growth signs that can be in
terpreted as annuli. Alvord (1954) found that in
69 brown trout, which added less than 0.8 inch to
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annulus I
annulus 11

(Jnnulus III

annulus IV,

FIGURE 23.-Scale of a grayling of indeterminate age (total length 12.8 ins.) captured May 24, 1954. Fish is starting
either its fourth or fifth summer.

total length during 1 year (September to Sep
tember), 59.4 percent did not form a year mark.

Failure to assess age beyond III was not experi
enced by Brown (1943), Miller (1946), Nelson
(1954), or Creaser and Creaser (1935). However,
a scale photograph hy Brown (1943) from a pre
viously colle~ted sample of Grebe Lake grayling

is suggestive of a problem not unlike one presented
by t.his study.
Growth of Young Graylinll

Growth in the first 2 years was determined
empirically by measurements of samples taken at
intervals through the growing season until Sep
tember 1, 1954. Plots of average lengths at time
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of capture and time of season indicated a reason
ably rapid and constant growth rate for this first
year (fig. 24). Lengths of fish in their second
summer (from preserved specimens) were taken
from grayling captured at night when the fish
moved toward the shoreline and could be seined
effe<;tively. These collections, started 4 days
after the ice cover had disappeared, shpwed a
continuing trend of growth in the fish, until the
6th of July (fig. 24). The measurements for age
group I might have tended to reflect only the
.smaller 'fish, however, since some larger yearlings
had moved to deeper water as evidenced by their
appearance in trap nets set during the seining
period.

Brown (1943) t.ook standard lengths in millimeters
and total lengths in inches. Nelson (1954) and
the present study have utilized total length
measurements in inches.

To compare rates of growth among different
study areas it was necessa,ry to develop relation
ships between the various types of length measure
ments. Fork lengths and total lengths were
determined for 17 grayling from Alaska and 33
specimens from the United States. All were in
alcohol at the University of Miehigan Museum
of Zoology. In addition, 45 Grebe Lake grayling
less than 5.5 inehes total length (formalin pre
served) were measured. Conversions between
total and fork lengths were read directly from a

-------1--- ---------

------1---------- ---------

\954. • 1953_______________ 4.1 .:_____ 28
1952.• .__ 4.6 8.4 24

1951 ~dov::r.::..:.::.:.~~.~ 98

TABLE 22.-Average calmlated lengths in i-Ilches of Grebe
La.ke grayling for their first 8 years of life in 1968 and 1964
samples

216

150

59
23

134.

III

8.9 1l.2.

8.8 1l.2

II

~: ~ ---Ta- ========4.5 8.9 1l.2

I

Total length at various
annuli Number

1IshYear class

Mean __ • •• _._ 4.4

Mean_ _ 4.4

Date or collection

1953_ \952 _
195L. _
1950 and over _

Calculated Growth Rates Compared

Growth rates were determined for grayling in
the first 3 years by calculating the l-year-olds
and 2-year-olds separately and treating fish 3
years of age and older as a single age-group.
Average total fish lengths (inches) to the first
three annuli were: I, 4.4; II, 8.9; III, 11.2 (table
22).

In studies of the grayling in North America,
length has been measured by different methods.
Biologists in Canada (Miller 1946; Rawson 1950)
and Alaska (Wojcik 1955) used the fork length
measured in millimeters. In the United St,ates,

Ap-pooup 0 (Un _&IIUl'8MDta) A&e-pooa.p I ~..1"I8d nab)
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SaIlP3 'DC date (1954)

FIGURE 24.-Seasonal growth rates for grayling of age-groups 0, I, during 1954.
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FIGl;RE. 25.-Relation between total lengths and corresponding fork lengths of preserved grayling. Dots represent average
lengths in'10 mm. total length intervals. Conversion factors for size intervals are: less than 18 mm., 1.00; from
18 mm. to 22 mm., 1.06; from 22 mm. t,o 400 mm., 1.097 (figures are for the conversion of fork length to total length).

line of relation of total lengths and fork lengths
(fig. 25).

As one proceeds from south to north, the
grayling tends to grow more slowly, mature later,
live longer, and attain a greater maximum size
(fig. 26). The growth of grayling in the- Red
Rock, :Mont., are~ was fast:est during the early
years of life. However, beyond age IV the yearly
increment became smaller than increments in
other areas. The minimum spawning age ob
served by Nelson (1954) was II; the oldest fish
colleeted belonged to age-group VI.

Grebe Lake grayling grew most nearly like those
in Lake Athabaska (figures converted fmm Miller,
1946). The Grebe Lake fish spawned fir~t at
age III. Because of the difficulty in determining
annuli beyond III in this body of water, no
ma.ximum ages are available.

Although some specimens from Great Bear Lake
(Miller 1946) reached maturity during their
fourth summer, the majority matured in their
fifth. The oldest fish collected belonged to age
group XI.

Males of the grayling (Thy-mallu8 thy-mallu8 L.)
in Sweden matured at an age of 2 years and
females, at 3 (Gustafson 1949). The oldest
individuals found were starting their eighth year
of life.

Problems in Assessment of Age in Hybrid Trout

Lack of annulus I

In the trout hybrids, as in the grayling, the first
year's growth often appears excessive. Because of
this, and beeause the cutthroat trout in neat'by
Yellowstone Lake was sometimes without annulus
I (Laakso and Cope, 1956), I established two
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categories of hybrids based on the number of
circuli from the. focus to the first year mark. In
one of t,hese fish, which had more than 15 circuli
within t,hi8 area, an extra annulus was assigned
dig. 20). The first circulus from the focus was
used as the first year mark. In the other category,
trout with fewer than 15 dr-culi on the scale be
tween the focus and t,he first annulus were judged
to have their first year mark.

Eroded and broken scales

Many trout, scales in 1953 and 1954 had broken
edges, clear hyaline spot,s, and eroded or re-

absorbed margins. Such seales were discarded as
undependable for age-and-gl'owth analyses. They
made up 14.3 percent (22 fish) of the sample in
1953 and 2.5 percent (5 fish) in 1954. Some
bias may have been inep-,rred by removing these
fish from the sample, because most of the individ
uals were more than 14 inches in tot.al length.

Age and Growth of Hybrid Trout in Grebe Lake

Averages of calculated total lengths (incht's) at
various annuli for hybrid trout based on combined
samples tnken in Grebe Lake, 1953 and 1954,
were: I, 3.7; II, 7.2; III, 10.5; IV, 12.8; V, 14.9;
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FIGURE 26.-Comparative growth rates of grayling from United States (Nelson 1954, and Kruse, present study)
and Canada (Miller 1946). Fork lengths converted to total lengths..
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FIGURE 2i.-Calculated growth rates of h.rbrid trout from the Wf'St. Gallatin River, Mont. (data from t,hree elevations
combined, Purkett 1951) and from Grebe Lake, Wyo.

TABLE 24.-Al'erage calculated total fish lengths in inches
at various annuli of Grebe La.ke trout, 1954

TABLE 25.-Empiriml cwerage total lengthi< of fish ill
inches in s!~cr:es8ive years of life fol' 1953 Clnd 1954 collec
tions of mall' and fnllole trout in. Grebe Lake

(Number 01 fish ill parellthe~sl

2 __ • 1953 3.89 .__ 4
3 ., __ 1952 3.99 6.99 .__ 38
4 .. 1951 3.81 7.23 10.00 .__ 67
5 1950 3.89 7.40 10.90 12.71 . .____ 61
6 1949 3.63 7.14 10.&\ 12.64 13.97 . 22
7__ • 1948 3.88 8.27 13.42 15.39 16.76 18.19 1 2
8 .. 1947 5.15 8.63 10.78 12.M 14.49 15.98 17.04 2---------------------

Mean 3.87 7.25 10.53 12.75 14.22 17.09 17.54 196
1_.

VI, 17.3; VII, 17.5 (tableH 23 and 24). This was
not maximal. It was slightly less t,han that in the
West Gallatin River through the t.hird y~ar and
markedly less than that in the fourth and fifth
years (fig. 27).

Some male hybrid trout were mature in Grebe
Lake at the start, of theil' third growing season
(annulus II). All female hybI'ids captured during
t,he spawning seasono were at least 3-year-olds.
Trout reached the legal size limit of 6 inches in
their second or third year of life.

Female hybrid trout in Grebe Lake grew faster
than did the males (table 25), and by t.he third
year females were approximat.ely 1.3 inc-hes longer
than the males.

Summer
olllle

Calculated total flsh lengths at annuli I-VII Num-
Year . ber

class I I II . III IV I V VI VII fl~h

TABLE 23.-Average calculated total lengths of fish in inches
. at variolll1 annuli of Grebe TJake trout, 1963

Summer ollile

Calculated total flsh lengths at annuli Num-
Year I-VI her
class 01

flsh

Totl\llengths at year olllle

______:~ -2 3 1 4__1_~ ~_=
Males___________________________ (~2~ (4~i8 \ (~~/ I [t;3 --------
Females -!- I (Mil (~i51 d~/ ,1{.9

IV V VI

2 • 1952 3.14 • • 8
3 • 1951 3.43 6.63 • 17
4 • 1950 3.65 7.23 9.97 • 52
5 ._. __ •• 1949 3.66 7.41 11.00 12.69 • 4li
6. .... 1948 3.63 6.89 10.86 13.45 15.11 1 6
7 19474.23 8.59 12.57 15.83 16.94 17.60 2

Mean -._~3.60 7:22lO:5312.88l5.57l7.6Ol~

LenAth-Weil1ht Relation

Length-weight relation for both the grayling
and the. hybrid trout were used in computing
pounds of fish in Grebe Lake fl'om length meas
urements. According to Hile (1936) this relation
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FIGURE 28.-Length-weight relation of 148 hybrid trout. from Grebe Lake, Yellowstone National Park. Dots represent
average weight within each I-inch group.

can best be expressed by a parabolic curve of
the form U'=cLn, where

W=weight of the fish,
L=length of the fish, and
c and n are constants.

Converted t,o logarithms, the formula becomes,
log W 'log c+n log L, and the constants can be
determined by the method of least squares.

Paired length-weight measmements of 148
hybrid trout were from two groups of individuals.
The first group was comprised of fish more than
6.0 inches long and contained both gill-net
captures of August 1952, and tagged males taken
during spawning runs. The second group was
compose,d of trout under 6.0 inches in length;
measurements of these were made on preserved
specimens originally seined from Grebe Lake.
Since only a limited' number of measurements
were available (or the two species, both sexes
were used in calculations (except no length and
weights were from spawning females of either
species). The 309 grayling used in computations

were from gill-net, captures (August 1952) (more
than 6.3 inches total length) and preserved speei
mens (less than 6.3 inches).

'l.'he calculated curves (figs. 28 and 29) fit the
empirical values very we-ll. For the hybrid trout,
the predicted weights of fish follow t.he formula
log W=2.5420 log L-O.9674 (fig. 28). In the
grayling the length-weight. curve is of the form
log W=2.7682 log L-1.2925 (fig. 29).

FOOD ANALYSIS

The grayling and the hybrid trout compete for
food in Grebe Lake. The extent to which they
do this is disclosed in part by a comparison of
their stomach contents.

Stomachs were t,nken from 112 grayling and
24 hybritl trout during 1952 to 1954. These
fish were captured with hook and line, by weirs
used during the spawning season, and by nets.
The stomachs were preserved in 5 percent formalin
as soon as possible after collection of the fish.
The total content of each was subsequently
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FIGURE 29.-Length-weight rf'lation of 309 grayling from Grebe Lake, Yellowstone National Park. Dots represent
unweighted average empirical weight within each ~~-inch length group.

measured volumetrically by wate.r displacement.
Identifiable o1'ganisms were sorted, dried 1 to 2
minutes on blotting paper, and then measured' in
the same manner as the total contents. How
ever, the small amount of material in trout from
the tributaries and in the young-of-the-year
grayling precluded such measurement. The or
ganisms most commonly used as food by Grebe
Lake fishes follow: .

OLIGOCHAETA
I,umbricus terre~tris

CRUSTACEA
Cladocera

Daphnia (probably pulex)
Copepoda

Cyclops sp.
Amphipoda

Gammarus jasciatus
INSECTA

Plecoptera (identified by Dr. A. R. Gaufin,
University of Utah)

Alloperla sp.
I soperla sp.
Peltoperla sp.
Nemoura sp.

Ephemeroptera (identified by Dr. George F.
Edmunds, University of Utah)
Baetinae (possibly Centroptilum)

Cinyglllula sp.
Rhithrogena sp.

Baetis sp. (possibly intermedius)
Ephelllerallu c%radensis Dodds
Callibdetis sp.
Caenis sp.
Ame/etus sp.

Odonata (identified by Dr. G. H. Bick, Tulane
UnIversity)

Zygoptera
Ischnllra sp.
Lestes sp.
Argia sp.

Anisoptera
Cord"lt/fa shurtleffi Scudder

Trichoptera (identified by Dr. H. H. Ross,
Illinois Natural History Survey)

Agrypnia dejl.ata Milne
LimnepMllis sp.
lI1ystacide6 sp.
Neothremma sp.
Molanna sp.
Agapetus sp.
Rhyacophillts sp. (identified by Dr. H. C.

Chandler, California Department of
Fish and Game)

Coleoptera (identified by Dr. H. C. Chandler)
Malachiidae sp.
Staphylinidae sp.

Crent'tis alticola (Fall)

Diptera
Tendipedidae (= Chironomidae)

Hymenoptera
Formicidae
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T-AB"LE.26.-Average lIulIlbel' of each kind of food organislIl (and pt-rcentage frequency of occurrence) in grayling of age-groups
o and I, Grebe Lake, 1954

Food item

U"niden
tillable
terres
trial

insects

Cope
pod"Pisidinm

elado
cera

Amphl
poda

Diptera
adults

Diptera
pupae

Diptera
larvae

Fish _
average Num- -------,------,...----'-----.-------, -----.-------.----,------.----...,-----

sIze (total bel' of
length fish Ephemer- Ephemer- Trichop-

In Inches) optera optera tera
n)'mphs adults larvae

Date of capture
(1954)

0.6 0.4 _
(401 (40)

I. 2 • 0.4
(60) (40)._________ ell

(40)

0.2 _
(2O)

20.4 ---------_
(40)

0.8 _

(60113.6 • _
(60)17.8 . . _
(60)

1 3.0 ---------- ---------- --_._-----
(40)

(II
(100)

1.0
(201

2.4
(40)

0.2
(20l

9.4
(60)

2.4
(20)

0.2
(20)

0.2
(20)

0.2
(20)

11.4
(601

49.2
(80)
CI)

(lOll)

27.4
(110)

35.4
(1001

154.4
(1001

15.8
(100)
(Il

C\OO)

1.6
(40)

8.6
(100)

(I)
(50)

5

5

0.2 ._. __ . .. . . . . .... _
(201

0.6 .- --________ 8.1 3.6 ._
(40) (lOOl (80)

5 ._ -- -- -. • • .____ 0.2
. (20)

5 -------- __ ---- -------- __ ---- -- -- -- ._

5' 0.6 . __ .______ (I) _

(401 (40)
\0.6 0.4 -- -- . _

(801 (201
5 1\0.6 . -- . -- ._ ... _

(100)
1.2 . -- _

(60110.2 -- _

(401
0.8

(601
0.4

(20)
(11

(50)

5 • -- -- __ • -- _

5

5

.87

I. 70

2.08

2.48

2.58

2.80

3.74

4.26

4.80

0.53

.i1

1.12

July 2 _

July 12 _

July 2L ._

July 30 _

August 6 . _

August 16 _

Scptember L _

May 24 _

May 30 _

Junc 8 . . _

June 26 _

Jul)' 18 . _

I Food items in these IIsh were decomposed and could not be enumerated.

Four principal groups of fishes were sampled for
food content: (1) young-of-the-yeRJ' and l-yeRJ'
old grayling collected at intervals t.hroughout.
1954; (2) spawning females of grayling and of
hybrid t.rout; (3) small t.rout (less than 3.4 ins. in
length) inhabiting Hatchery Creek during t.he
t.ime the newly hatched grayling fry were descend
ing in July 1953; and, (4) adult.s of both species
taken from the lake proper during the 1952 to
1954 seasons.

Group 1. .Gl'ayUng belonging to age-groups 0 and
I, collected throughout the 1954- season.-Grayling
in this group were taken by seining t.he shore of
Grebe Lake at intervals between July 2 and Sep~

t.ember I, 1954. Of all the fish in each collection,
only the five t.hat were nearest the mean length
in each lot were used in the food analys~s.

Young of the grayling start to feed early in life.
Some individuals in a group of hatchery-reared
fry began ingesting food on their fourth day and
by the eighth day all individuals sampled ('·on
tained food (Brown 1939). The yolk sacs of those
that Brown measured averaged 0.3 inches when
food was first consumed and had disappeRJ'ed in
most fish by the end of the second week. The
smallest specimen that I found with 'food in it in
Grebe Lake (July 2, 1954) had a yolk sac O.I-inch
in length and was probably between 1 and 2 weeks
old. In this body of water, young grayling (t.o 1.5

inches totallengt.h) subsisted primRJ'ily on'Daphnia
and on Diptera larvae and pupae (table 26), or
ganisms that are especially abundant. in the shoal
areas of Grebe Lake, which is inhabited by these
small fish. Stomachs collect.ed between July 12
and August 6 contained only Daphn1:a. From
August. 6 to September 1, young fish consumed
mainly ephemerids (mostly Callibaet.is) along with
lesser amount.s of Tendipedidae (=Chironomidae)
larvae and pupae, Gamma1'1t8, Daphnia., and Cy
clop8. Winged insects (adult. Diptera) first ap
peared in the diet.s on August 16.

The l-yeRJ'-olds collected in the spring aiul early
summer of 1954 had eaten not only a more varied
diet, but also were taking larger organi~ms than
were the young-of-the-year. Among t.he food
items were some Trichoptera and. relatively more
gammarids. The first t.errestrial insects were
found in stomachs on June 26 from fish averaging
4.3 inches totallengt.h. By July 18 the variety of
food found in the stomachs of the l-year-olds was
lieady the same as that consumed by older fish
(except.ions were the large Odonata of a size too
great to' be ingested by small fish).

Group 2. Spawningjemale trout and grayling.
Stomachs of 13 grayling and 5 hybrid t.rout were
obtained from spawning 'adults eollected in the
streams tributary to Grebe Lake. Alt.hough these
fishes readily took food in these streams, very few
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, Quantity In stomachs too little (less than 0.05 mI.) to be measured volu
metrically.

TABLE 27.-Food of 13 grayling collected from Grebe Lake
tributaries during their spawning season, June 1954

Gro'/l.p 4. Grayling and tr01lt from Grebe Lake
pJ'opeJ'.-·A.lthough compet.ition for food was shown
by the cont.ents of the st.omachs from 40 grayling
and 10 trout captured in May, July, and August,
there was no evidence of predation between the
t.wo kinds of fishes. Only two grayling stomaehs
contained scales (table 28). The scales had
belonged to two grayling more than 9 inches long
and one trout over 8)nches; there was no trace of
flesh or bones. Diptera larvae and pupae were
the major food item.s iii the group; these were
found in 70 percent of the t.rout and 72.5 percent
of the grayling. Fishes captured in Grebe Lake
when ice was present (May and June) were sub
sisting primarily on amphipods and Dipt.era

kinds were available to t.hem and feeding con
ditions were erowded. Consequently, more than
30 percent (5) of the grayling and 80 pereent (4) of
the hybrid stomachs were empty. Fish eggs were
found in 8 of the 15 grayling sampled (t.able 27),
but t.he greatest. number from anyone speeimen
was only 12. The fact t.hat no sand or gravel ae
companied these eggs demonst.rated t.hat t.hey hl1.d
been t.aken while adrift and not while at.t.ached t.o
t.he substrate.

Gro'up 3. Small trout from tributal'ies.-Seven
small trout were taken with a fine-meshed dip net
from Hat.chery Creek at t.he time grayling fry were
descending. The smallest of these was 1.8 inehes
in length and the largest, 3.4 inches (average, 2.3
ins.). These fish contained organisms common to
t.he st.ream as well as t.errestrial inseet.s that. had,
fallen int.o t.he wat.er. There was no evidence of
eannibalism (table 28).

10.0
80.0
30.0

20.0
30.0

50.0

10.0

20.0
10.0

Fre·
quency
of oc
cur

renee
(per·
cent)

1.0
5.6

Lake (10)

26.3

(I)

Lo

28.6

14.3

57.1
14.3

100.0
57.1
14.3

Fre· Volu-
quency metric
of oc· compo·
cur- sitlon

rence (per-
(per· cent)
cent)

Creek (7)

Fre- Volu-
quency metric
of oc- compo·
cur· sltlon

renee (per·
(per· cent)
cent)

Grayling

Volu·
metric
compo·
sition
(per·
cent>

Food items

• Quantity In stomach too little (less than 0.05 ml.l to be measured volu·
metl·lcally.

Collembola • __ ._ (.)
Plecoptera

~a:J.fs~~-_~::::::::: :::::::: _~_.~~~_ ---(1)--- ~J :::::::: ::::::::
Ephemeroptera

Nymphs___________ 5.0
Adults __ .__________ 0.9 10.0 ('>

Odonata nymphs
Zygoptera.. 2.4 32.0 .. 1.0
Anisoptera.. 3.1 10.0 19.2

HemipteraAdults______________ 100 __ ._____ 10.0
Trichoptera
. Larvae_____________ 7.9 45.0 (1)

Pupae______________ 1.6 12.5 ,, _
Adults_____________ 3.6 32.5 ,,_______ 4.0 40.0

ColeopteraLarvae '" .____ 28.6
Adults ._ 12.5 <') 14.3 .. _

Dlptera
Larvae . 5.4 72.5
Pupae______________ 2.0 6i.5
Adults__ .__________ 1.6 22.5 (')

HymenopteraAdults __ .__________ .2 10.0 . .. 10.0
Amphlpoda____________ 11.2 35.0 17.2 30.0
Cladocera______________ 4.9 42.5 30.0
Nematoda ,,____ (.) 14.3 , __ : _
Aphldae .... . (') 14.3 _
Plsldlum_______________ .3 17.5 ---- --- --- .. _
Ollgochaeta_____________ 2.0 10.0
Troutscales ._ 2.5 . _
Grayllngscales_________ 5.0 - .. _ --- --------
Fisheggs_______________ 2.5 --- . _
Food remalns___________ 53.8 87.5 22.7 70.0

larvae. Later in the season (August) their diet,
showed greater variety. Some individuals fed
primarily on damselfly nym.phs, whereas m.any
ot,hers consumed mostly adult caddisflies. The
:major portion of the di~t consisted of Trichoptera
larvae in t.he early spring, and Ephemeroptera
nymphs in t.he late spring and sum.mer. Tencli
pedidae (=Chironomidae) were also t.aken in great
numbers when available.

Previous writers (Brown 1938aj Leonard 1939,
1940; and Rawson 1950) have also found that,
inseet.s, sometimes aquatic but. at other times
terrestrial, predom.inate in the food of adult
grayling. Apparently the speeies feeds on what
ever is available Mid shows no discernible
preferences.

Although both the grayling and the hybrid
trout in Grebe Lake ingested t.he same types of
food items in approximately equal amounts, there
was no apparent. antagonism between the two

Trout

--------1------------------

TABLE 28.-Stomach contents of 17 hybrid trout and 40
grayling from the Grebe Lake system, 1952 to 1954

2.3 7.7

(.) 15.4

10.5 7.7
55.8 30.8

12.0 46.2

II) 15.4
7.0 23.1

<') 7.7
7.0 61. 5

(I) 23.1
2.3 15.4

Volumetric Frequency
compo· of occur·
sition renee

(Percent) (Percent)

Total
number

Food Item

PlecopteraNymphs _
Ephemeroptera

Nymphs____________________________ 2
Odonata nymphsZygoptera_ ___ 20

Anlsoptera_ ____ 13
TrlchopteraLarvae_ ___________ ____ ________ __ ___ 10
DlpteraLarvae_ ___ __ __ ____ __ 12

Pupae . .__ 129
Hymenoptera_ _ __ __ __ ___ 1

~l: :~:fes-_-'__~::::::::::::::::: ::::::::: 3~
Food remalns__ ••• . .. _
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3

5
09

1
7
2

50
083

Date of census

Item 1953 1954

July Aug. Sept. Total July Aug. Sept. Tota
---------------

Number of fishermen 137 200 24 361 206 'li9 26 41
Number of hours _____ 477 723 56 1,256 601 635 81 1,31
Hours per fisherman._ 3.5 3.6 2.3 3.5 2.9 3.5 3.1 3.
Catch:

Hybrid trout._. ____ 131 119 12 262 211 128 '11 3
Grayling. __________ 207 241 44 492 455 537 91 I,
Unidentified___ •• __ 114 264 5 383 ------ ------ _M_M __

~------------------TotaL_________ 452 624 61 1,137 666 665 102 1,43
------ ------

Fish per fisherman ___ 3.3 3.1 2.5 3.1 3.2 3.7 3.9 3.
Fish perhour________ 0.95 0.86 1.09 0.91 1.11 1.05 1.26 1.

The average number of fish per fisherman
(3.1 in 1953, 3.5 in 1954) was good considering
that the limit imposed by the National Park
Service on Grebe Lake was five per angler. Some
fishermen who reported limit catches often caught
two or three limits and released all but five fish;
others released all fish. Only trout and grayling
actually removed from the lake were included in
the foregoing analysis of yield. Therefore, fishing
in Grebe Lake was probably better than the
figures indicate. However, there was a compen-

TABLE 29.-Monthly 8ummary of fishing pre88ure and yield
for Grebe Lake, ba.!led on 138 creel cen8tt8 return8 i'n 1953,
and 140 in 1954

population study, I assumed the size distribution
of the anglers' catch to approximate that of the
trap nets during the respective years. Under
these conditions the total weight of fish removed
by the fishermen was 903.8 pounds in 1953 and
l,191.3 pounds in 1954.

Although grayling are approximately 10 times
as numerous as trout in Grebe Lake, they com
prised only 67 percent of the catch in 1953 and
75 percent of the total captures in 1954. Thus in
the catch, the !!:rayling-to-trout ratio of 3.1 to 1
in 1954 was higher than in 1953 (1.9 to 1). Per
sonal contact with anglers indica,ted that most
preferred to catch the hybrid trout, and that
they fished primarily for it.

Results of creel-census information tabulated
by monthly intervals showed a decreasing trend
in fish per fisherman between July and September,
1953, but an increase during the same interval in
1954 (table 29)'. Fishing effort also declined
rapidly after August 29 (fig. :30) However, the
efficiency of the late season anglers, as reflected
by the fish-per-hour rate, increased in September
of both years.

Despite the recognized limitations of a volun
tary creel census it was necessary to employ such a
method to obtain information on the magnitude
of the sport fishery. The data gave a measure
of the effect of angling on the fish population.
Also, the reports made it possible to adjust the
procedures of the mark-and-recapture population
estimate that was in progress. A.creel census form
was employed to obtain records of the amount of
time anglers spent in fishing, the kinds, numbers,
and sizes of the fishes ('.aught, whether or not there
were identifying marks on the fish, and the types
of lures used.

These creel census forms were placed in a box
near the parking area, from which all fishermen
had to walk the 3.5 miles to Grebe Lake. The
importance of completing the creel-census records
was stressed by personal contacts with the anglers.

The completeness of the voluntary returns was
checked by counts of all fishing parties. In 1953,
65 of 98 groups (66 percent) filled out creel census
blanks during the time of the population estimate.
In 1954, the response improved slightlYi 93 of
132 counted parties (70 percent) completed the
forms. For the rest of the seasons in both years
it was estimated that only about 50 percent of
the fishermen responded.

Adjustment of the creel records on the foregoing
basis enabled an approximation of the total catch
each year. In the 1953 season, 780 fishermen
removed 2,148 fish. Anglers increased to 818 in
1954 and caught 2,863 fish. This represented a
harvest of the e~timatedpopulations that approxi
mated 7.1 percent in 1953 and '9:9 .perc·ent in 1954.

The average size of 81 of the. grayling measured
from anglers' creels was 11.4 inches. Since this
figure was not too different from the 11.0-inch
average size of the grayling captured during the

fishes, By way of illustration, during the evening
grayling and trout rose to the surface within a few
feet of one another with no gross evidence of
strife in a common feeding ground. Apparently,
there was sufficient food in 'Grebe Lake for both
species, judging from t;he gorged condition of the
digestive tracts and plumpness of the fish. The
only exception was on the spawning grounds
where many fish were crowded into the small
streams; a relatively large number of the stomachs
collected were empty.

HARVEST OF GREBE LAKE FISHES BY ANGLING
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FIGURE; 30.-Total ni.mlber of hours (by 10-day periods) spent on Grebe Lake by fishermen during 1953 and 1954.
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TABLE 30.-U8e of 11Ire8 and effect,ivene88 on Grebe Lake
in 1953 and 1954

lakes yielding an average of 106 pounds per aere
per year (Lyall 1941).

PREDATORS AFFECTING GREBE LAKE
POPULATIONS

The removal of fish from Grebe Lake by pred.
atory birds and mammals is a factor that affect!;
the size and composition of the population.
However, measurement of the effect of predation
is difficult.. Black bear, UI'S'US amel'icanus Pallas,
mink, 1I1ustela vison Schreber, and river oU,el',
L-utl'l£ canadensis Sehreber, were seen on Grebe
Lake between 1952 and 1954, but they were not
numerous, and actual evidence of predatory
activities was small. The osprey, Pandion hal·iae
tus, however, took fish throughout each season.

Catch by various lures

Numblar of anglers Spin· ISpin. I ISpin·
Spin· ners uer. }'lie. ners,

Flies ners Bait and and and flies,
flies bait bait and

bait
-----------------------
Numher of parties

i7 59 14 I(total. 3(5) .... _-- 152 40 j
Percentage usc.... _ 49.8 13.1 5.6 19.3 2,3 4.6 5.
Catch... __ ... __ .. _. 1.412 327 163 499 46 150J I
Percentage catch... 50.7 11.7 5.9 17.9 1.7 5.1; 6.

satory reaction on the part of fishermen to fill out
forms only if they caught fish.

More fish were taken from Grebe Lake by
fishermen using flies than by any other method.
However, the number of fish taken by anyone
group of fishermen depended not so much on the
type of gear they used as it did on the number
of anglers in that group; the percentage of fisher
men using anyone lure or combination of lures
agreed closely with the percentage catch by that
respective method (table 30). Sinee tabulations
are not for individual fishermen, but for parties,
the combinat,ions occurred where one person in
a party would use spinners and another flies, or
other lure. The average number of people per
party was 2.5 in 1953 and 2.9 in 1954.

Fishing yield from Grebe Lake was low (table
29). There was a harvest of only about 6 pounds
per acre in 1953 and 8 pounds per acre in 1954.
In cont,rast, a trout lake in Oregon of similar
size and also having a creel limit of five fish pro
duced more than 50 pounds per acre of tJ'out
each year between 1945 and 1947 (Holloway
1947). In a series of trout lakes on Grand Mesa
in Colorado, anglers were removing an average
of 63 pounds per acre per year with two of the
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SUMMARY

The grayling, Thymallus arcticus, is common
both to North America and to eastern Asia. In
the United States the species is highly prized by
sportsmen because of its great beauty and com
parative rarity. The only indigenous population
maintaining itself at present in the United States
is in the Red Rock Lakes region in Montana.
From this center, it was introduced in other
waters, including some streams and lakes in
Yellowstone National Park, Wyo.

The grayling was first planted in Grebe Lake
of the Park in 1921, 14 years after the rainbow
trout had been introduced and 9 years after the
cutthroat trout had been planted there. The two
species of trout intermixed after planting and by
1952 only hybrids were found. The grayling re
portedly has experienced wide fluctuations in
population abundance at intervals since its intro
duction. One such decline in numbers in 1949
resulted in the present study on Grebe Lake.
The following statements summarize the findings
of my work between July 22,1952, and September
1, 1954.

Grebe Lake is eutrophic with a well-developed
thermocline during the period of summer stagna
tion and a deficiency of oxygen in the deep waters
of 1953 and 1954. Samples of the aquatic fauna
in Grebe Lake showed a predominance of Tendi
pedidae (=Chironomidae) both numerically and
volumctrically.

Population estimates in 1953 and 1954 were
obtained from trap nets and a mark-and-recapture
method. About 27,000 grayling were in 'Grebe
Lake in 1953 'and 26,000 in 1954. Trout approx
imated 2,000 the first, year and 2,500 the second.
The standing crop of fish in Grebe. Lake in 1953
was estimated at 77 pounds per acre: about 70
pounds per acre of grayling and 7 pounds per
acre of trout. In 1954. the standing crop was
approximated at 71 pounds per acre of grayling
and 8.3 pounds of trout.

Both the grayling and the hybrid trout spawned
in all four tributaries and in the outlet of Grebe
Lake between mid-}'-1ay and late .June. Stream
temperatures at this time ranged from 40° F. to
57° F. Weirs or blockades installed in the water
ways during early May to count spawning mi
grants provided a means for enumeration of 7,081
grayling and 674 trout in 1953 and 7 878 and 405, ,
respectively, in 1954.

Length-frequency polygons of the grayling
spawners showed that females averaged smaller
than the males. Lengths of the hybrid trout were
variable and no strong modes were evident when
lengths were plotted against numbers.

Males of the gra.yling outnumbered the females
in early spawning runs each year. .The rat,ios
assumed a, more nearly I-to-l proportion as the
seasons progressed. For this species overall sex
ratios in Grebe Lake during 1953 were 10 females
to 24 males and, in 1954, 10 females to 9 males.

The natural fry production in Grebe Ln,ke' in
1954 was approximated as 236,500 or 2.5 percent
of the estimated number of eggs produced by the
spawning adults. The greatest mortality during
this time was attributed to dislodgment of the
eggs during the incubation period either by subse
quent spawners or by changes in water level and
current velocity.

Scales for age-and-growth analyses were col
lected from both the grayling and the hybrid trout
throughout the study period. The' time of annulus
formation for grayling younger than 3 years was
found to be prior to June 25. No scales from
3-year-oids less than 13 inches in total length had
an evident annulus during the spawning season.
The interpreta.tions {of scnles from the grayling
more than 3 years of age were considered inaccurate
because of the small annual growth in body and
scale lengths which in some samples either had
obscured the correct interpretation of existing
marks or had precluded annulus formation entirely.
An additional complieation often resulted from a
failure of annulus I to form on individuals which
had been too small to have had seales at the start
of their second growing season.

None of the grayling matured before reaching
age-group III. The legal size of 6 inches was at
tained by all during their second summer of life.
Averages of the ealculated total lengths in inches
for the grayling at the end of their first 3 years of
life were: I, 4.4; II, 8.9 jIll, 11.2.

Females of the trout grew faster than did the
males and had matured at the start of their fourth
summer of life (age-group III). Some mature
males of age-group II appeared in the spawning
runs. The legal size limit of 6 inches was reached
either in the second or the third year of life. Some
trout were also too small to have had scales at the
end of their first summel; and consequently lacked
their first year mark. The average calcula ted total
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lengths in inches Itt various annuli for the hybrid
trout in 1953 and 1954 combined were: I, 3.7; II,
7.2; Ill, 10.5; IV, 12.8; V, 14.9; VI. 17.3; VII,
17.5.

The length-weight relation for the grayling was
determined t,o be log weight=2.7682 log length
-1.2925, and for the hybrid trout log weight=
2.5420 log length-0.9674, where weights are in
hundredths of a pound and lengths are in tenths
of an inch. .

The food of the grayling during its first summer
of life consisted of small nymphs of aquatic insects,
amphipods, and Daphnia.. By the middle of their
second summer, young of the grayling were feeding
on the same organisms as the adults except for
some of the large Odonata of a size too great to be
ingested. Diptera larvae and pupae were the
major food items found in 40 of the grayling and
10 of the trout from Grebe Lake during the 1952
to 1954 seasons.

From a voluntary creel census on Grehe Lake
the following estimations of fishing pressure were
made. In 1953,780 fishermen removed 2,148 fish.
During 1954, 818 anglers ca.ught 2,863 fish. The
ca.tch the first year was 3.1 fish per fisherman, the
second, 3.5. Fishing pressure on Grebe Lake was
light during the two seasons with a harvest of 7.1
percent of the estimated 'populatioil or about 6
pounds per acre in 1953, and 9.9 percent or
approximately 8 pounds per acre in 1954.
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