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Introdustion

A growth-rete study of the Montans grayling wes initiasted in
the summer of 1936 amd continued through the following spring while
the writer was associated with the Zoology Department of Montana
State College. This investigation was part of e general study aimed
at the conservation of the Montenma grayling. Reports on the feeding
end breeding habits have already been published (Brown 1938a,, 1938b).
The expenses involved in making collections were largely defrayed
from a grant mede by the Netional Research Couneil,

The date collected in Montana end in Yellowstone National Park
have been substentially supplemented by studies of Montana grayling

of known age planted in Michigen during the past 5 years.
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The writer is indebted to Prof. M. H. Spaulding of Montana State
College, to Mr. Elmer G. Fhillips, Superintendent of Fisheries,
Montena State Fish and Geme Commission, who assisted in making the
Moxtana oollections, and to Dre A. 5., Hazzard who mede the conmtinustion
of this study possible in Michigen and who along with other Institute
staff members helped with the Michigan collectioms. I also wish to
acimowledge the essistance of L. E. Perry and P, E, Locke in aging the
fish and tabulating growth rate information and of Dr. Ralph Hile who

has given helpful suggestions in the interpretation of data,

Materials snd Methods
A total of 460 grayling wore used for the growth-rate study. The
Michigen collections included 315 specimsns from five different
localities while those from Montens contained ll4 specimens from five
different places., In addition 51 specimens came from Yellowstone
Nationml Park., A summary of the various localities and collectioms

is given in Table 1.

Insert Teble 1

Grayling were collected by means of nets and sngling at all
seasons, Rowever, most of the collections were taken during the spring
and fall, Specimens were weighed end measured while in a fresh condi-
tion., The Monmtana collections were for the most part measured to the
nearest 1/8 inch, standard snd total length, and weighed to the nesrest
ounce while the Michigen specimens were measured to the nearest millimeter,

standard and totel length, and weighed to the nearest gram., The scales



COLLECTION LOCALITIES AND NUMBER OF GRAYLING

Table 1

Ymber of
Place County State  grayling
Wolf Lake State Fish Hatochery Ven Burea Miochigsn 31
Ford Lake Otsego " 269
0'Brien Lske Alocena . 21
East Fish Lake Montmoreney . 2
Suttons Fond . " 2
Ennis Hatchery, U. S. Fish
and Wildlife Service Madisen Jontana 6
Rogers Lake Flathead » 4“4
Meadow Lake Madison " 39
Agnes lake Beaverhead » 10
Georgetowm Lake Deer lodge » 15
Grebe Lake Yellowstone
Hatienal Park Wyoming 31
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for this study were collected from the left side of the fishes' body
between the leteral line and the dorsal fin,

Ordinsrily five typical scales from each specimen were cleaned
end then mounted in a glycerine-gelatine medium. The soales were
exsmined and measured by mesns of & microprojection machine at a
magnification X 44.5. The aversge measurements of all the scales of
each sample were used in later ecomputations,

Anrmuli were determined by the presence of inecomplete cirouli
formed at the close of each growing season followed by the formetion
of complete circuli at the beginning of the next growing season and
by other characteristic marks such as ercsion, crossover, ete,,
femiliar to all workers on the subject, There was orns'ion on the
seales of many fish during the arrested period, so thet some of the
oirculi of the preceding growing season were obliterated. This erosionm,
however, was superficial and not peripherel and therefore did not affect
the ececuracy of growth ealculations.

These criteria for determining anmili were verified by the study
of fish of known age. Accessory year merks or "false annuli” were
common in some collectioms, In the fish of known age these checks were
identified by studying collections mmde throughout the growing period.

The enterior scale radius was used for all caloulations of body
length. This measurement was chosen beceuse the anmill oould be more
easily distinguished in the anterior region than in other portioms of
the scales. It was not possible to locate annull on the posterior portion

of some Boales,
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The relationship between the standard length of the fish and the
anterior radius of the scales was treated as linear. A line fitted to
the date cn fish of known age satisfied this sssumption reasonably
well, Similerly the relationship between body length and the totel
diameter of the scale was found to be linear. Svetovidov (1936), in a
study of the grayling of lLeke Beikal, reported that the amnual increments
of body length smd of the soales ere not stromgly proportional, but
rather that the relationship between body length end seale length was
found to be parabolie (desoribed by sn equation of the type, L = o8%).

The relationship between the anterior socale radius end the standard
length of Montana greyling may be expressed by the equation L = 51,6 + 2,088,
where L = standard lemgth of fish in millimeters and § = measurement in
millimeters of the anterior radius of the magnified seale. Socale messure-
ments were marked on paper strips. As the firet step in the computation
of the growth history, "uncorrected" calculated lengths were determined
(by means of & nomograph) on the assumption that the body-scale ratio is
censtant et all lengths of fish after the formatien of the first anmulus,
The averages of these direct-proportion calculated lengths then were

corrected by meens of the following formmla:
t
L—- - 51 5
7 ::._,e...._'_... IS 4 Bl6
r

where IE » standard length at end of n' year,

TR

= standard length at time of capture,
and __3 = length computed by direct proportion at the end of _x_ri-"-h year,

This method is a modification of the one proposed by Fraser (1916).
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Lsngth of Fish et Time of Scale Formation
An sxsxmination was made of young graylinmg fingerlings taken from
Grebe and Rogers Lakes in order to determine when scales are formed,
The smallest fish with soales had a total length of 35 millimeters
(Table 2). A greatly enlarged soale with 2 circuli is shown in Figure

Insert Table 2

1. The inset at the right of this figure is the same scale magnified
to the sume degree as those in Figures 2-14, inclusive. As has alresdy
been observed for certain other fishes, scales firest appesred in the
region along the lateral line. In slightly older specimens the lateral-
line scales and those immedistely above snd below had a larger number

of oirculi than those near the dorsal and ventral regions,

Time and Factors of Annulus Formetion

There is little doubt that annulus formation on grayling scales
is related to, if not directly the result of temperature and food
oconditions., However, our present kmowledge does not permit us to
essume that these are the only influencing fastors, Almost any unfavor-
able circumstamce during any reguler growing period could cause the
ceasation of growth and leave its mark on the soales, The location and
intensity of these marks naturally would depend upon the time and extent of
the influencing factors, Individual fish might be variously affected. It

is conceivable that some extreme or unusual condition of food or temperature
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Table 2
THE SIZE OF GRAYLING FROM GREEE LAKE AND ROGERS LAKE DURING

THE PERIOD OF SCALE FORMATION ARD EARLY GROWTH

Scales absent

Standard lengths Total lengths or
millineters millimeters Number of eiroull

20,0 23,0 absent
20,0 23,6 bt
20.5 24 .0 .
20,8 24,0 "
25.0 29,0 "
266 32.0 "
20,0 36,6 17
30,5 87.0 2=3
31.0 37.0 2a3
32,0 39.0 1-2
82,6 39,6 2-3
33,8 40,0 2
3348 40,6 2
34,0 41,0 2-3
34.0 41.0 3-4
36,0 41,6 2a3
36.0 42,6 2«3
37.8 44,0 S-4

378 46,0 S-4
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sinilar to that producing the true amnulus, night exist during the
regular growing season mnd affect the whole fish pepulation in 2 lake
or streem so that the soales of all are marked, It is mmch more
probable, however, that emly part of the fish population would be
affected==perhaps one species or even a smell percentage of ocne species
depending upon the nature and extent of the fector involved. For
exomple, umususlly warm temperature in a lake containing both eold-
and warm-water species of fish might well be the eause of a summer
merk on the scalee of the cold-water fish without affecting the normal
growth of the others, and conversely, unseasonably low temperature
night affect the warm-water species without greatly influencing the
col dewater species.

If the true annulus of fish scales is the result of arrested or
retarded gr&!:h then the maintenance eof Mfoﬁy favorable conditions
for growth in any species would eliminate these soele characters.
Hassard (1932) noted the absence of amnull on certain dbrook trout soales
and sttributed this condition to the more or less uniform temperature
conditions under which these fish lived., Other workers have reported
similar findings for other specles of fish. Crayling kept under more
or less uniform tempersture and food conditions by Mr. Charles Fuqua
at the Ennis station of the U. 8. Fish and Wildlife Service lacked anmuli
on their scales,

These fish were artificially hatched and held im & spring-fed pomd,
the temperature of which remmined more or less comstant the year around,
Supplemental feeding was moderete and regular throughout the period in
which these fish were confined. Scale samples from eix 2-year-old fish
showed no recognizeble ammuli (Fig. 2).
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Checks or false anmull were not uncommon on seales of the grayling
studied. These accessory year marks wers identified positively on
fish of kmown age and with considerable confidence on some wild speoimens
from Montansa weters.

(ne false amnulus was found on the scales of all the grayling of
known age from Ford leke in Michigm. This check was formed in the
second summer of life, possibly in late August or early September. It
has @ll of the charscteristics of a true anmmlus (Figs. 9-14) and might
well have been interpreted as such in other than kmown-age fish. No
other outstanding irregularities were observed except on malformed scales

of & very few individual flsh.

Insert groups of figures; Figs., 1«6, Figs, 7-12, Figs. 13-14, Figs. 15-19

Editor please note: I{ is desirable to keep these figures all together so
that camparisons eam be mede in size and charscter of scales, Each sheet
may be reduced to page size but should not be reduneed further, A eomper~
able reduction on Figs. 1-14 is desirable.

We oan only conjecture as to the ceuse of the false axmulus sppearing
in the second summer (August or September, 1937) since no limmologieal
studies were made on Ford lake during this period, An examinatien of
air-tempersture date, however, taken at the Pigeon River Forest headquarter
about a mile sway, gives evidence that the momth, Angust 15 - September 15,
was wnususlly werm. The air temperature and very probably water temperatures
were considerably higher during this period than for the same time in any
other year while grayling were present inm the leke. Since Ford Lake has
thermal stratificeation with the usual accompanying deficiency of oxygen in

late summer, it is probable that the grayling were forced into warm water



Pig, 1.

Pig. 2.

Fig. 3.

m. 4.

Pig. B.

HSQ 6.

Description of Figures

Grayling seale, soon of ter formstion showing two cirsuld,
taken from & six weeks old (39 m.m. total length) fish

from Rogers lalke. Imsert at right, same scale of comparable
size to Figures E£-1l4.

Grayling scale showing no annuli taken frem a two ysar old
specimen from the Emnis Hatohery ponds. "
Grayling seale showing five smnull from a specimen taken in
Grebe Lake (308 m.m. standerd length, 369 m.n. total length,
312 grems weight).

Grayling soale from fish of Imown age (28 memths) eaptured
in O'BErien lake (224 m.m. S.L., 262 meu. T.L., 118 grams wt,).
Grayling seals from fish of known age (26 months) eaptured
in East Pish Lake (203 m.m. 8.L., 245 mame. ToLs, 102 grams
wh,): F = false anmlus.

Grayling scale from fish of known age (27 months) eaptured
in Suttons Pond (158 meme S.L., 195 mme T.L., 40 grams wt.).
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Deseription of Figures

Grayling seale fram fish of known age (16 months) taken
from the Wolf Lake Hatchery (155 m.m. 8.L., 185 m.m,
Tele)o

Grayling scale from fish of kmown age (11 menths) taken
from Pord lake (89 m.m. 8.L., 107 -n.-. TeLs)e

Grayling seale from fish of kmown sge (16 months) taken
from Pord lLake (157 mem, S.L., 183 m.m, T.L., 84 grans
wt.)e

Grayling soals frem fish of known sge (22 months) baken
from Pord lake (172 m.m. 8.L., 199 mm. Tile, 68 grams
whe)e

Grayling seale from fish of mmown age (24 menths) taken
from Ford lake (218 m.ms S.L., 262 mam. ToLe)e

Grayling soale from fish of kmown age (28 momtha) taken
from Pord Iake (250 m.m. S.L., 290 m.m. T.L., 170 grams
wk.)s |
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Desoription of Figures

Mige 13. Grayling seale from fish of kmown age (56 momths)
from Ford laks (280 mon. 8.L., 334 m.m, T.L., 312
groms wh,).

Fig. 14, Grayling seale from fish of known age (47 months)
from Yord lake (R88 mum. 8.L., 345 nam, T.le,
512 grems we.).






Desoription of Figures

Fige 15, Grayling icalo showing four annuli teken from a fish
collected in Rogers Lake (326 mem. S.L., S76 m.m. T.L.,
465 grems wt,). False anmuli indicated by inner
legend line.

Fig. 16, Grayling scale showing four smnull taken from e fish
ocolleoted in Mesdow Lake (330 m.ms Sele, 381 mem. Tol.,
454 grems wt.),

Fig. 17. Grayling scale showing four ammuli taken from a fish
eollected in Agnes Lake (328 m.m. S.L., 571 mem. T.L.,
341 grams wt.).

Fig. 18, 6rayling scale showing four smmuli taken from a fish
collected in Orede lske (308 m.m., S.L., 346 mem. T.L.,
285 grems wt.).

Plg. 19. 9r‘yling seale showing four amuli taken from a fish
collected im Georgetown Lake (349 m.m. Sel., 384 mam. T.L.,
766 grams wt,).
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whish although not fatal cstused & cessation of feeding and growth,
and thus brought about the formation of s false annulus.

Water temperatures unsuitably warm for cold-water fish are kmown
to exist in late swmeer both in Rogers and Mesdow Lakes, Montens, In
these lakes also a large majority of the greyling collected showed
marks mto'rprotod as false armuli (Figs. 15 and 16—~the inner legemd
line), Exocept possibly for the first year our Rogers lLake material
showed the more or less regular formation of & check mark each suzmmer.
No evidence of theose false mnuli was found in the colder lakes, such
as Grebe, Agnes, and Georgetown, which remain oold by virtue of their
rather high elevations.

That envirommental factors largely determine the characteristics
of seale markings is shown on the socales of grayling from East Fish
Leke and Suttoms Pond, Montmorensy Commty, and O'Brien Lake, Alcona
County, Michigan., These lakes were stooked at approximately the same
time (April, 1940) from the same batoh of fish that had been retained
in the hatchery over their first winter. Those grayling reaching East
Fish Lake 4id 80 more or less by accident having migrated up the outlet
into the lake. Collections from these lakes were wmads in 1941 as follows:
Eest Pish Lake, Angust 26; Suttons Pond, September 12; and 0'Brien Lake,
October 28, 1In each lske the fish had completed most of two growing
seasons. The size difference of the fish and consequently of the scales
was considerable, Growth was the groatuf in East Fish Lake (Fig. 5),
intermediate in 0'Brien Lake (Pig. 4) smd least in Suttonms Pond (Fig. 6).

No consistent irregularities were found om the scales of grayling from
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Suttons Pond or O'Briem Lake but both specimens taken from East Fish
Lake showed a distinct false anmulus which was formed scmetime during
the second summer. The lack of information on the waters im whioh
these fish lived, mskes it impossible to explain this irregularity.

In a study of the European grayling, Hutton (1923) cleimed to
have found "spewning marks" on certain grayling sceales but was somewhat
skepticel of his s.nturpm ion. It is not likely that such marks
could be distinguished even if they did occur since ths spawning period
and time of annulus formstion are practiecally concurrent.

The true annmulus forms on grayling seales in early spring, An
exsmination of the Ford Lake fish of kuown age showed no trace of a
newly formed smmulue in the February or March collectione., By April 21,
however, at least one circulus of new growth was present on the soales
of two fish, Collections during the first half of May showed the amnulus
te be completed in all but ome or two specimens, As many as three
eirculi beyond the snmulus were presemt by this time, By July 1 the
mumber of circuli beyond the anmulus averaged sbout 10. Our collestions
indicate that the snrmlus is generally formed sometime between April 15
and Mey 15 in the Ford Lake end O'Brien Lake grayling.

A study of the western specimens reveals that the time of annulue

formation in the different waters is approximately as follows:

Meadow Lake April 20 - ¥ay 20
Rogers lake May 20 - Junme 20
Grebe lLake Yoy 30 ~ June 30
Agnes lake dune 1 - July 1l

The varietion existing emong these lakes is quite probably the

result of temperature differences.
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Growth Rete of Grayling of Known Age

All of the Montana grayling introduced into Michigan during the
pest five years were of Yellowstone stoock. The eggs were taken from
spawning fish in the small inlet to Grebe Lake sometime between May 15
and June 20 (Brown, 1958b), depending on the season, and were held at
the amall hatchery located on this lake for oonditioning., Eyed eggs
from this source were shipped to the Wolf Lake Hatchery in Michigan
where hatching and subsequent development took place, Very restricted
experimsntal phntings have been made in Michigan waters with fingerling
and yearling grayling handled in this memner,

The most extensive date on the growth of greyling in Kiochigen waters
were obtained from the Ford Lake experiment., Approximately 5,000 grayling
were introduced into Ford Lake, Ctsego County, on October 22, 1937, after
all other fish had been removed by poison, These grayling were hatched
on June 24 end at the time of planting ranged between 2% end 3 inches
(65«76 millimeters) in total length, The first collection was made the
following May, end subseguent collections were taken at intervals (Table

8) thereafter until grayling could no longer be found.

Insert Table 3

The suitability of Ford Lake as a grayling water was demonstrat ed
by the fact that at least soms fish of this planting survived there for
3 full years (to en age of nearly 4 years). Ko additionel plantings
were made and we are certain that there was no matural propagation.

Ford lake has & surface area of 11,7 acres and a maximum depth of

33 feet, Water temperatures are suitable for ocold-water fish the year



13~

Teble 3

COLLECTION DATES AND AGE OF GRAYLING TAKEN FROM FORD LAKE

REPRESERTATIVE PHOTOGRAPHS OF SCALES MAY BE FOUMD IR

THE FIGURES (RIGH? COLUNN)

Wamber of Age
Date specimens (momths ) Figure
Nay 18, 1937 “ 11 s
October 18-20, 1937 82 16 9
FPebruary 27, 1938 1 20 -
April 81, 1938 9 22 -
May 8, 1938 22 22 10
July 6, 1938 s8 24 11
October 29«30, 1938 17 28 12
Merch 13, 1989 s 52 -
Moy 10, 1939 1 38 -
May 24, 1989 2 55 -
June 24, 1939 b3 36 i3
May 19, 1940 3 47 14




around, at least in the thermocline and immediately below, although, in
unusually hot summer;conditions in this regiom may become near the
upper limit of tolerstion for cold-water species with respect to both
tempersture and oconcentration of dissolved oxygen.

Shallow water is relatively soarce, end because of this end the
soft nature of the bottom, aquatio plents are limited both &z to kind
and quentity. .Exeept possibly for plmkton the abundance of fish foed
was decidedly below the average of small Michigsn lakes but possibly
equal to or slightly better than that of the small, cold, deep-basin
lskes of the regiom. There are no inlets or outlets and obviously no
place where grayling could spswn successfully. This condition, eslthough
it prevents the permanent establislment of the specles, is a boon to
any study of fish of known age.

If each year of life is assumed to end in May, the grayling from
Ford Lake showed ths following averege lengths for each year:

Piret - 86 millimeters stendard length, 4.1 inches total length;

Second - 199 » " " 92 " " "
Third - 267 " " " 12.3 " . "
Fourth - 288 " " " 18.5 " " n

A curve based upon this series of collections is shown in Flgure 20.
There seems to be same evidence of growth throughout the winter although

our collections were inadequate to prove this point,

Ingert Figure 20

The average lengths and weights at capture and the average caleulated
standard lengths are shown in Table 4. Reprezentative scales from these

collections are shown in Figures 8=14, inclusive. The aversge caloulated
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standard lengths of all grayling collections from Ford leke were as
followss first year — 76 millimeters; second year — 185 millimeters;

third yesr = 258 millimeters; fourth year - 284 millimsters,

Insert Table 4

Creaser end Creaser (1935) in & study of 13 Michigan grayling,
mostly from the Otter Rﬁor, gave oalculated standard lengthe for the
various years of life as follows: first yeer — 86 millimeters; secomd
yoor — 178 millimeters; third year ~-232 millimeters; fourth year (one
specimen from the Au Seble River) - 242 millimeters, No significant
comparison c¢an be made between these figures because the methods employed
in making calculations were probably not compurable, At any rato- Creaser
apd Creaser gave no adequate description of the method they used and their
collections were unreliebly amall. The difference at the end of the
firet year might be duwe, at Je ast in part, to the fact that the Ford Lake
specimens spent their first summer of life under hatohery conditions
not altogether favorable for good growth.

A study of the séalea of 21 Montans grayling taken from O'Brien
Lake in Montmoremcy County, Michigen showed the average celculated
standard length to be only 43 millimeters at the time the first annulus
wag formed and 171 millimeters at the end of their second year. Here
agein all of their first yesr was spent under hatchery comditions, A
comparison between the size of l-year=old Montena grayling kept in the
Wolf Leke hatchery and wi 1d stock of tha same age from Montans showed

that the former grew only about one-third as fast a&s the latter. A
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Table 4

THE AVERAGE LENGTHES, WEIGHTS ARD CAICULATED STANDARD LENGTES OF PORD LAKE GRAYLING

Caloulated standard length
in millismwters at end of

Known Standard Total yoor of life
Date Humber age Welght length length

(specimens) (months) (grems) (millimeters) (inches) 1 2 ] 4
8/18/87 “ 1 - 8¢ 4,1 T4 - - -
10/18-20/37 51 16 (3 164 7.6 T4 - - -
2/27/38 1 20 100 196 8.9 85 - - -
4/21/38 9 22 T2 190 8.6 T8 - - -
5/8/38 22 22 91 109 9.2 79 189 - -
7/6/58 30 24 - 2RY 106 73 179 - -
10/20-30/38 17 28 - 246 11,6 T8 183 - -
§/1-8 8 32 206 280 116 78 180 - -
8/10/39 1 86 - 270 12,6 T3 188 - -
6/24/89 2 35 239 268 12,1 TS 188 289 -
6/24/39 1 36 512 280 18,1 76 188 269 -
5/19/40 3 47 886 288 13.6 81 188 258 284

AVOXALR ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ & ¢ 5 % 2 0 5 4 5 6 8 06 8 % @ 76 188 288 284
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difference in growth under hetchery and lake conditions ean be seen

by comparing the scales of grayling kept et the Wolf Lake hatchery
(Fig. 7) until October of their second yesr with those of fish planted
in Ford Lake in October of their first year and recovered during
October of their second year (Fige 9)e This comparison does not
necessarily mean that conditions in the hatchery were not as good as
oould be attaimed in the light of our present lmowledge of grsyling
requirements, but it does show that ordinary hatchery methods for trout
are not entirely sucsessful when applied to grayling,

The lengtheweight reletionship of greyling from Ford lake is shown
in Table 6. These figures dc not include four collectioms from this
lske which lacked weight information. The series is fairly ocomplete
except for the groups of 220-229 snd 270279 millimeters standard
length. With each incresse in stendard length of 10 millimeters these
fish showed an increased everage weight of over 4 grems. The largest
fish (four years of age) having a standard lemgth of 280 millimeters

weighed 312 grams or 1l ounces,

Insert Table 5

Growth Rate of Grayling from Montana and Yellowstome ¥ational Park
The grayling of Montana and Yellowstome National Park are most
sbundant, not in their native waters, i,e., the tributery streems of
the Missouri River above the Great Fall , but in certein small moumtain
lakes into which they have been introduced. Collections were made from
five different localities as shown in Table 1, Mesdow lake is the only

water which ean be considered as native to this species, While this lake
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Table §
FORD LAKE GRAYLING-=AVERAGE LENGTHS AND WEIGHTS FOR EBACH 10 MILLIMETER

INTERVAL OF STANDARD LENGTH

Humber Standard Total
of Size growp length Weight length Weight
specimens (millimeters) (millimeters) (grems) (inehes) (ocunces)
] U40-149 147 51 6.9 1.8
10 180-1569 167 68 7.3 2,0
12 160-169 165 €8 77 2.4
7 170-179 178 80 8.1 2,8
6 180-188 184 69 8ot 2.4
16 190-199 194 84 8.9 2.9
6 200-209 204 96 93 .4
8 210-220 212 108 9.8 348
] 230~239 234 166 11,0 5.9
8 240-249 244 179 11,5 6.3
13 260-259 263 204 11,86 = 7.2
3 260-289 268 240 12,2 8.5
1 280-289 280 312 1.1 . 11,0
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itself is a men-made impoundment, the stream before it was abundantly
supplied with grayling. A brlef description of these lakes is given
in Table 6. The figures for elevation and maxizum depths are only

epproximate,

Insert Table 6

Aguetic vegetation was sbundant in all of these lekes excert
Agnes which had a sharp "drop off" end shoals camposed almost exclusively
of angular rock. The plant beds in Rogers, Meadow, and Georgetown Lakess
cover mere than 5O per cemt of the lake bottom. Georgetown lake is
especially productive, The high organic content of the bottom has been
the esuse of occasicnal severe winter kill of fish. The fluctuation
of the water level in Georgetown end Meadew Lakee is sufficiemt to have
a demaging effect on the fisheries. Both of these lakes are artifieial
impoundments controlled by privete companies, It is true, however,
that they are extremely productive fish waters in spite of the fluctuation.
The length of the growing season in these lakes vmiles consldorably
according te their elevation. Regular thermal end chemicel stratificatiom
exists in Orebe, Georgetowm, and Agnes Lakes but not in Rogers or Meadow
Lekes. Maximm summer temperatures are the highest in Rogers lLake. Onm
July 19, 1936, the tempersture of this leke was 76° F. at the surface and
71° F. on the bottom (20 feet), Msximum summer temperatures are undoubtedly
mich higher than these figures., The maximum surface temperature in Meadow
Leke probably never exceeds 74° F. In Agnes Lake a well developed
tiuermocline exists throughout the swmmer., Surface temperatures probably

never reash 70° F. snd the bottom water probably never rises sabove 50° F.
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Table 6

DESCRIPTION OF WESTERN LAKES WHERE GRAYLING COLLECTIONS WERE MADE

Methyl oremge Other species

lake Elevation Area Meximum alkalinity of game Lfish
(foet) (asres) depth (pepem.) present
Rogers 4500 328 21 T2 ' “‘.cﬁttirut trout
Mesdow 8000 8000 12 - brown trout
rainbow trout
sutthroat trout
whitefish
Agnes 8600 1185 40 58 none
Gesrgetomm 7000 2980 26 - eutthroat trout
Grebes . 8000 90 30 28 eutthroat trout

reinbow trout
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Grebe Lake also shows & well developed thermoeline. Om July 6, 1936,
the water temperature was 66° F. at the surface and 46° F. on the bottom
(28 feet). ¥No temperatures were taken on Georgetown Lake but the
maximum susmer surface temperature is probably between 70° snd 75° F.
Al of these lakes have comparatively soft water (rsmge of methyl orange
elkalinity--25=T2 p.p.m.) but all are distinotly alkeline at least st
the surface (pH—7.4=8.3),

Determinations of ealculated growth rate show that grayling from
Georgetown Lake had the fastest growth and those from Agnes Lake the
slowest growth. A summary of the lengths and weights at capture and

of the ealculated standard length for each year are given in Table 7,

Insert Table 7

Thoa§ ealculations show that the differences in the rate of growth
are not eonsistent for all years of life, In general the grayling from
Agnes leke (Fig. 17) have slow growth, but the first-year lengths of fish
from this lake are grester than those from Grebe Lske or Ford lake., In
other words, a superiority in firsteyear growth in one leke may not be
maintained during subsequent years. A comparison of the saleulated
standard lengths of the different age groups in the various lakes is
shown in Plgure 21,

Insert Figure 21

A camparison may be made among the socales of 4~year-old grayling
from the following lakes: Rogers-=Fig. 15; Meadow~Fig. 163 Agnes=

Pige 17; Grebe~Fig, 18; Georgetomn—Fig. 19. Cresser and Creaser (1935),
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Table 7
THE AVERAGE LENGTHS, WEIGHTS AND CAICULATED STANDARD LENGTHS OF GRAYLING FROM MONTARA

AND YELLOWSTORE NAT IONAL PARK

Number Standard Toteal Caloulated standsrd length in
Date of Anmli VWeight length length millimeters at end of
specimens (grame) (millimeters) (inches) ar of life -
. T“TET 4 6
Rogers Lake
§/24/36 z 2 198 EE‘T: 10.8 Wz 248 « - - -
" 3 s 369 298 13,6 138 242 286 . . -
" 3 4 418 814 14,0 162 249 206 312 .
7/19/36 10 1 126 198 9.0 1@ . . - - -
" 9 2 291 282 12,9 1456 260 . . . -
" 3 3 342 296 13.6 122 24¢ 303 . . .
" 3 4 424 311 14,1 152 245 283 308 . .
5/50/37 4 3 408 307 13,7 136 244 291 . . .
" 7 4 418 306 13.7 141 239 274 296 . -
w A"m&' XXX m—m m m - -
Mosdow Lake
/267358 1 Z 284 264 11,86 167 2¢2 - . - -
" 1 S 342 273 12,8 108 239 268 . . .
6/14/36 | 4 454 330 16,0 121 254 207 328 . .
6/27/36 3 1 132 208 91 s . - . -
" 2 2 369 277 12,6 162 248 . . . .
n 4 ] 517 314 1s.1 137 260 301 . . -
7/10,12/36 15 1 136 209 9.4 18 . . - -
" 4 2 376 289 13,1 139 25¢ . . - .
" 8 3 429 298 18.7 128 248 288 . . .
39 ___Aversge ...... 136 26 2%¢6 §2§ . .
Agnes Lake
6/6/%6 3 1 [} 186 Tl i _ - - - .
» 2 2 129 240 1.0 106 206 _ _ . .
" 3 4 246 287 13.0 106 184 248 280 _  _
» 2 5 186 284 12,9 106 194 255 271 279
_13 AYGI‘!‘! esvees m m m m m P
Georgetown lLake
/7736 T 1 459 E'T‘ae 12,9 01 - . - - -
" 3 4 766 348 16,7 118 257 323 340 -
" i B 766 368 16.7 109 244 311 338 3I69 .
—% _ ___Average ...... 138 264 %20 I%9 6§ .
Grebe lake
5/31-6/2/86 3 H 130 251 10.5 104 206 . . . -
" 6 ] 163 251 11,3 96 208 244 _  _ -
. 2 4 370 320 144 107 226 299 314 _  _
" 2 6 440 319 14,6 108 216 269 206 3811  _
® 1 ] 459 318 14,3 82 200 245 269 279 307
7/1-6/36 10 1 59 151 646 04 _  _ - - -
d 2 2 200 236 10,6 112 179 _ - - -
" 2 3 269 254 11.6 98 202 23 . 0 _ _
3T Aversge ...... 100 206 266 297 %01 3J0O7
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who hed seales from seven grayling from Georgetown and Rogers lakes,

camputed the standard lengths of the first year as 91 millimeters and

of the second year as 234 millimeters. Our averages for these sams

two lakes are: 135 millimeters—first year and 250 millimeters--second

yesr., This difference may be due, at least in part, to the methods used.
The lengthwweight relatiomship of grayling from western lakes is

shown in Table 8, Not all size groups sre represenmted for essh lake but

Insert Table B

eomparisons are possible for certaim groups, The 9-10 inch (total lemgth)
group shows that Rogers lake grayling average 5.2 ounces, Meadow Lake——
4.4 ounces and Grebe lake—5.7 ouncesa, In the 12-1% inch (total lemgth)
group, Agnes Lake fish averaged 6.0 ounces, Grebe lake—7,.7 ounces, Rogers
lLako=9.,4 ounces, Meadow lake—12,2 cunses, and Georgetown Lake-~18,0
ounces, The grayling from Ford Lake are intermediste in their growth rate
and lengtheweight relationship between the fish from Grebe and Agnes Lakes
and therefore show rather poor growth end condition when oompared with

the other lakes studied, Our célloaticnl show no significent length-weight
differences whioh could be definitely attributed to sex. We observed,
howsver, thet female grayling seem to be larger and heavier ia the spawning
runs. It is impossible to suggest what speocific factors are responsible
for the length-weight differences without a complete study of each lake,

It may be sald, however, that in general the most productive lakes from the
point of view of the agquatic vegetation and general organic content,

produce the fastest growing, best-conditioned grayling.



Zable 8

MONTANA AND YELLOWSTONE GRAYLING--AVERAGE WEIGHTS FOR BACH ONE
INCE INTERVAL OF TOTAL IENOGTH

1ake Fumber of Totsl length Average weight
specimens (inches) (cvnees )

Rogers ] 8-9 3.8
4 9-10 8.2

1 10«11 8.0

1 11-312 8.0

B 18-1% 9.4

19 15-14 12.8

7 1418 18,9

1 16«16 18,0

Meadow $ 8-9 e
13 9-10 L

3 10-11 6,7

2 11-12 12,0

4 12413 12.8

8 15<14 4.8

-] 14«18 15.7

3 15-16 19,7

Agnes 2 T8 248
1 10=-11 640

2 1l=12 6.0

2 12.13 €.0

1 1314 7.0

1l 1418 12,0

Georgetown | 12.13 16.0
2 15-1‘ 2" .0

2 1617 29.5

Grebe 8 6=7 1.9
2 7-8 2.6

5 9=10 37

4 10-11 4.2

4 11.12 6.0

3 12«13 Te?

2 13-14 11,0

2 1415 13.6

2 15-16 18,0




w25

No very old American gresyling have been reported. The oldest fish
that we found was a specimen from Grebe Lake which we interpreted to
have six complete mnnuli, A scale with five complete amuli from & fish
taken in this same lske is showm in Figure 3., Rapld growth and a zhort
length of life appear, therefore, to be characterlstlis of this species.
The experimental plamting made in Ford lake became greatly reduced duriag
the fourth summer and almost campletely disappeared in the fifth summer,
thus giving further evidence of a short life span. Other factoers,
including the competition from bluegills, in. Shis ilske may have been
partially responsible for the rather sudden disappea.ra‘ncc, howsver,.

Comservation and Management

There is resl msed for ooncern about the conservation and management
of Montsna greyling. Its original range, the Missouri River and its
tributories above the Great Falls, has now only a few remmants of a once
sbhundant and thriving populetion. Although the reduction of this apecies
hes boen scmewhat less spectaculer and sudden than that which befell the
Michigen grayling, the end result-that of extinction--will be the same
unless measures are taken to prevent it,

At the present time gray.ipg are limited in their original rsnge to
a socattered few in the Kadieon River impoundments of Meadow and Hebgen
reservoirs, to the main parts of the Big Hole River which is tributary to
the Jefferson River and to a few places on the upper Gallatin River. The
reported resppearance of grayling in the Gallatin River comes after 10 or
more lean years and is sttributed to the present stocking program whereby

large fingerlings are being planted by the U. S. Fish and Wildlife Service,.



26~

Montana grayling are most abundant today in a comparatively few
lakes outside their netural range, Such lakes as Rogers, Grebe and
Georgetown have been the chief source of grayling spswn for meny years
and it is significant that all of these waters lask exotic species,

This in the writer's opinion iz the seeret of their sucecess. The
absence of oon;potitho gpecies such as reinbew, brown and brook trout
seems to be absclutely essentlal to continuwed grayling production.
On the other hand, the Montana grayling is compatible with cutthroat
trout, & companion specles of long standing.

Since the beginning of this study, grayling have completely dise
eppeared from Rogerse lake beoause of low water and increased temperatures
resulting from the oomplete removal of forest cover in the drainage
aresc of the leke., In Meadow lake, there has been & further depletion
so that grayling are taken only rarely.

Georgetown Lake still maintains a reasonably good populatioa of
grayling in spite of exceedingly great numbers removed by winter fishermen.
This lake is stocked heavily by the Montana Fish and Gems Commission.
Agnes Leke is at present the chief source of grayling spawn for tim
Montens Fish and Game Commission end Grebe Leke furnishes the only
grayling spewn available to the U. S. Fish and Wildlife Service.

Any progrem which is undertaken to preserve the Montsna grayling
mst teke into coneideration the isolation of this species from the
competition of exotic fish. The brightest hope lies in thelr esteblishment

in a considerable number of virgin mountein lakes reserved for this purpose.
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Continued propagatien will be necessary to replenish the stock of these
waters because few of them have inlets of a quality suitable for
natural spawning. These lakes, besides offering a reasocnable amount
of fishing, can serve to supply the hatcheries with the needed spawn.
Certain carefully chosen smell lakes already stooked with rainbow or
brook trout ean be cleaned by poisoning (Rotenome) and then stocked
only with grayling. It would also be highly desirable to reserve
cortain suitable streams for grayling if any still remein without intro-
duced species.

It should be pointed out that a careful exeminetion must be made
of proposed grayling waters by a ocompetent fisheries bioclogist before
extensive plantings are made if waste and diseppointment are to be
avoided,

In the light of certain recent studies made on the planting of
trout, it is logical to believe ihat the stoocking of large aize
(7=10 inch total length) greyling inmto the depleted mative waters, mow
containing rainbow, brown smd brook trout, should meet with limited
succesz, not to permanently esteblish the species but to supply a stoek
for fishermen. This cen be done now at a reasonable cost with improwved
hatchery methods,

The greatest responsibility for preserving the Montana grayling
rests with the Monteme State Fish and Game Commission since this species
is largely confined to their state, and they alone have suthority to

make provisions and regulations necessary for its maintensnce. A carefully
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planned program at this time would almost certainly meet with sucocess.
On the other hand if the species is further depleted, as it most

certainly will be under presext practices, there will come a day, not
toc lomg hsnce, when brood stook is no longer availeble smd the final

shapter will parallel that of the Michigan grayling-extinction.

INSTITUTE FOR FISHERIES RESEARCH
By Co J. D. Brown
Approved by: A. S. Hazzard

Typed by: Grace Wood
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