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A BIOLOGICAL SURVEY OF MOOSEHEAD LAKE AND
HAYMOCK LAKE, MAINE

Fish Survey Report No. 6

By

GERALD P. COOPER
Assistant Professor of Zoology

and

JOHN L. FULLER
Assistant Professor of Zoology

University of Maine

INTRODUCTION

This iz the gixth in a series of reports on the lakes of Maine.
The survey program has been conducted by the Department of
Inland Fisheries and Game in cooperation with the Department
of Zoology at the University of Maine., Previous surveys have
covered coastal stream drainage areas as far east as the Penob-
scot River and as far north and west as the Rangeley Lakes
region. The field work for the lakes of Hancock County has been
done, and a seventh report on these bodies of water is in prepara-
tion. The present survey is unique as compared to the other
Maine lake surveys since it is an intensive study of only two lakes,
Moosehead at the source of the Kennebee River, and Haymoek
in the Allagash drainage system.

Moosehead Lake is one of the most famous fishing grounds of
the State. This region has been a sporting resort for a century
and has been visited by people from all parts of the United States.
It is of particular interest, therefore, to learn how the fish popu-
lation has been affected by the intensive fishing pressure. Al-
though the lake is large, fears have been expressed that over-
fishing was injuring the angler’s sport,

Haymock Lake is much smaller, but it is deep enough to con-
tain native togue as well as trout. It differs from Moosehead
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in containing no salmon, nor is there any record of fish stocking
at any period. Moosehead Lake, on the other hand, has been
extensively stocked since 1895. Haymock Lake is fished only
oceasionally because of its isolated location. It is perhaps as near
a lake in a primitive condition as could be found today in Maine.
For the purposes of lake survey work in the northern part of the
State, it may serve as a yardstick of natural conditions by which
we can measure the effect of human interference.

The field work of the survey was carried out from headquarters
at Rockwood on the west shore of Moosehead Lake. The person-
nel of the survey party included three members of the Zoology
Department at the University of Maine: Dr. Gerald P. Cooper,
Survey Director; Dr. John L. Fuller and Dr. Carl M. Flynn. Five
students were employed as technical assistants: Peter J. Brad-
shaw, Clarke J. Church, Paul J. Dowe, John A. Roberts, and
Samuel W. Stuart. Warden Charles Nelson of Roclkwood was
assigned as guide and boat operator for the survey party. War-
den Nelson’s knowledge of the lake aided greatly in planning
operations.

All materials and personnel were transported to Haymock Lake
by planes of the Fish and Game Department. The cooperation
of Pilots William H. Turgeon, Merton A. Alexander, and Wilfred
Atkins is gratefully acknowledged. A camp site was established
on the north shore of the lake, and a boat constructed from
materials brought in by plane. Tt was possible to carry out a
complete survey even in the heart of the Maine wilderness. The
use of planes will be essential if other lakes in saﬁrmﬂ— Maine
are to be surveyed.

The major objectives of the survey at both lakes Ehw be sum-
marized under the following headings.

(1) To make collections of fish in order to learn the relative
proportions of different species, and to obtain material for a study
of food habits, and growth by the scale method.

(2) To make physical and chemical observations, including
a complete sounding map. From this data to calculate the amount
of water and its suitability for fish.

{(8) To observe the types of food organisms present and to
estimate their abundance by guantitative measurements.

(4) To summarize past stocking records and to collect ma-
terial on the history of angling in the lake.
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(6) To survey tributaries with special reference to their
value for spawning grounds and as feeder streams for trout and
galmon production.

(6) Finally, to analyse this data in order to assist in the
formulation of stocking and management policies.

These objectives have been achieved, at least in part. A lake,
however, does not remain static biologically, and our results will
not be m.o.E_. for all time. They should provide a reference for
future work on these and similar lakes by other fisheries biolo-
gists. We hope also that this report may be read in part by the

sportsman who has an interest in the scientific basis of good
fishing,

The major part of this report deals with the results of the
study of Moosehead Lake, sinee this lake received most of our
attention during the summer. A summary of our findings on
Haymock Lake is given in a section at the end of the report.

CHEMICAL AND PHYSICAL FEATURES OF
MOOSEHEAD LAKE

The biological productivity and the suitability of a lake for
game fish are based upon the temperature and chemical composi-
tion of the lake waters. These in turn are determined to a high
degree by the size, depth and form of the lake basin. A knowl-
edge of ‘depths is also essential for studies of fish distribution.
The first step of our survey was, therefore, to make systematie
soundings of the entire lake. The results of these soundings are
shown on the large insert map mﬁcﬂgn this report (folded
on the inside of back cover). This map is self explanatory, but a
few interesting points may be mentioned. The deepest water in
the lake is found to the east and west of Kineo, and in a basin
east of Farm Island. Although Moosehead Lake has been reputed
to be over 500 feet deep, the maximum depth found by the survey
party was 246 feet. No claim is made that this is the absolute

maximum, but it is unlikely that any _E.nm pocket of deeper water
remains undiscovered.

Extensive areas of shoal water are not common. The largest
continuous area is Spencer Bay, and there are other extensive
shallow waters in North Bay, Lily Bay and near West Outlet.
The average depth of the lake was computed as 54.5 feet. Table I
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summarizes the physical characteristics of the different geo-
graphical divisions of the lake.

TABLE I, ‘The areas and averege depths of the gecgraphical divisions of Moosehead Lake

Dﬁ%- Average
dWﬂLpMn Zymbeal Aren depth:
meres feat
rth B NB 16,500 664
ﬂuaimﬂﬂﬂﬁuﬁ.ﬂg-uh ................ F 7,000 1086
Farm Island to Rockwood FR 4,507 T7.8
Rockwood to Sandbar, . RS 5,825 478
Bandbar to Bugar Island.........-.-.. 58 13,520 48.1
& B Laciac i 3B 4,67 18.2
Bunar Yo b Misvun Tdaint. St 12808 598
ugar Tsland to Mooso Tal
Mooee Ialand to Gresnville, . ..o vvaan MG 4,808 64
PR i e A A R B S MR o 74,560 54.5

The soundings were made with graduated lines (of nomn-
stretching tiller rope or brass chain) and are accurate to the
nearest foot. The location of the soundings on the map iz some-
what approximate sinee the lines were run in small boats under
various conditions of weather, and it was sometimes impossible
‘to steer a straight course between landmarks. It should never-
theless prove useful to the sportsman who seeks water of a
particular depth for his fishing effort.

Physical Features of Lakes. Not all the water in a lake is a_

suitable habitat for game fish. In many of the smaller lakes in
the sonthern part of our State the surface waters become much
warmer than the 70° F. limit usually set for trout and salmon.
At the same time in certain of thesze lakes the deep, cold water
is often so deficient in oxygen that no fish, and very few other
forms of life ean survive in the lower levels, One purpose of the
survey was to determine whether such conditions were found in
any part of Moosehead Lake. A brief deseription of the annual
changes in lakes of temperate regions will serve as a background
to the survey studies.

During the winter the waters of a lake are covered by a
layer of ice and snow. Some light may penetrate to maintain
plant life, but low temperature combined with low ilumination
reduces life activity to a minimum. Although food production is
slight, the energy needs of fizsh are also reduced, At the lower
surface of the ice the water femperature is 82* F. Below this
the temperature rises gradually to 39.2° F. at the bottom. At
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this temperature water attains its greatest density, and forms
a heavy layer beneath the lighter surface water.

In the spring the breaking up of ice allows the sun to heat the
surface water. This slightly warmed surface water iz thus made
heavier than the deeper layers and sinks thereby displacing the
colder water. The continuation of this process aided by wind
action results in a stirring of the lake from top to bottom and a
redistribution of nutrients. This period is commonly known as
the spring overturn.

Once the surface waters are warmed above 39.2° F., further
heating makes them lighter and circulation gradually ceases.
Throughout the summer the surface water becomes warmer
while the deeper water changes only slightly in temperature
since the sun’s radiation is largely absorbed in the uppermost
few inches. Wind action, however, stirs the warm water into the
cooler water underneath and gradually works down the layer of
warm water. As a result of these processes three water layers
are eventually formed. (1) An upper stratum, the epilimmion,
which is constantly stirred by wind action, has abundant oXygen
&mmc?mm from the air, and has a temperature close to the mean
air temperature of the region. (2) A middle stratum of rapidly
changing temperatures, the thermocline. Within this section
there is a rapid change in physieal conditions from top to bottom.
The depth range of the thermocline differs hetween lakes, and
even between parts of a single lake. It tends to be deeper in
large lakes where the mixing action of the wind is more pro-
nounced. (3) A deep layer which is not stirred by wind action
and is known as the hypolimnion. This cold deep water receives
no access of oxygen during the summer stagnation period, so
that its oxygen content must necessarily decrease. In shallow,
biologieally active lakes the decomposition of aguatic organisms
at and near the bottom often reduces the oxygen content below
the 5 p.p.m. which is generally considered to be necessary for
".w.w_Ecu and trout. In Moosehead Lake, as will be shown later
in the report, the oxygen content never falls to a critical point.

In the late summer and fall the mean air temperature again

~ falls and the ms,_.mm.mm water is cooled. As soon as it becomes cooler
‘than the hypolimnion, the surface water sinks and a new mixing
‘process, the fall overturn, is initiated. This process is greatly

aided by the strong winds characteristic of the autumn months in
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New England. Winter finally brings the temperature below
39.2° F. and a reverse stratification is set up with the colder
water at the surface. Since the temperature difference is small
this stratification is not as pronounced as in the summer period.
A few additional degrees of cooling cause ice formation and the
cyele is completed for the year.

The above outline is true for lakes of moderate depth in Maine,
but should not be applied to all lakes. For a more complete
description of seasonal changes in Maine lakes, the reader is
referred to the earlier reports of this series, particularly Survey
Report No. 2, published in 1939,! and to Welch’s Textbook of
Limnology.* ;

Chemical Features of Lakes. Natural waters contain a large
. variety of substances dissolved from the soil and air. From the
viewpoint of the fisheries investigator three classes of materials
are deserving of attention. (1) Oxygen is needed by practically
all organisms to maintain life. The amount of oxygen dissolved
by a given amount of water depends upon temperature and pres-
sure. For example the surface waters of Moosehead Lake will
take 8.6 parts per million of oxygen from the air at 70° F., and
12.7 parts per million at 40° F. Investigations in Maine have
shown that oxygen in good trout and salmon waters never falls
below 5 parts per million. In many lakes which have been sur-
veyed, the oxygen content of the hypolimnion is much less than
5 p.p.m. at the end of the summer stagnation period. Trout and
salmon are thus forced upward into the epilimnion which is too
warm for them.

(2) A second class of substances includes plant nutrients. In
water as on land plant growth is the basis of the food eycle for
all animal life. Some types of aquatic plants are found in shallow
protected spots, but the most important from the fisheries view-
point are the minute floating plants found in the plankton. A
section of this report deals with the plankton of Moosehead Lake.
To make a thorough study of plant nutrients would require a
more extensive chemical analysis than could be carried out by
the present survey party. A few determinations were made on

———

1 Bee Literature Cited, page 122
2 MoGraw Hill Co, M. Y. (1835).
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total phosphorus and on alkalinity., Both of these are important
factors in determining productivity. As a general thing elear
glacial lakes like Moosehead are very low in dissolved solids, and
are thus more limited in productivity than shallow lakes. Clarke
(1924) reports the following composition for the dissolved solids
of Moosehead Lake: CO,, 54 p.pm.; SO, 2.1 p.om.; Cl, 20
p.p.m.; NO,, Trace; Ca, 2.2 p.p.m.; Mg, 0.8 p.p.m.; Na, 1.8 pp.m.:
K, 0.6 p.p.m.; Fe,0,, 0.2 p.pam.; 8i0,, 1.4 p.p.m.—Total, 16.0 p.p.m.

(8) Some substances are known which are directly detrimental
to fish or to food organisms. Pollution in Moosehead Lake is too
small to cause injurious conditions and no evidence of industrial
contamination was found. Decomposition of natural substances
may produce large quantities of carbon dioxide which is injurious
in high concentration, The measurement of acidity or pH will
detect this condition. A PH of 7.0 is neutral: lower values are
more acid; higher ones more alkaline, .

Methods. The methods employed during the summer were the
same as those of previous surveys. Temperatures were taken
with reversing thermometers manufactured by Negretti and
Zambra. Water samples from various depths were collected in
a Kemmerer water bottle. All oxygen analyses were made by
the Winkler method as outlined in Standard Methods for the
Examination of Water and Sewage (1936). Per cent saturation
of oxygen was caleulated using the nomogram of Rawson (1944).
Lamotte indicators and liquid color standards were used for pH
measurements. Alkalinity was measured by titration with nor-
mal alkali using the mixed indicator of Cooper (1941). Phos-
phorus was determined by the method of Robinson and Kem-
merer (1930), with perchloric acid oxidation according to Robin-
son (1941). —

Morphometry of Moosehead Lake. As in previous surveys cal-
culations have been made to determine the volume of water at
different temperatures, and the bottom area in contact with
suitable water which is available to trout and salmon for forag-
ing. These caleulations are based upon the late summer period
when conditions of temperature are least favorable for trout and
salmon. The first step was the outlining of selected contours on
the sounding map and the measurement of the enclosed areas by
a planimeter. For convenience the lake was divided into nine
areas which are more or less distinet lake basins. These areas
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are shown on Figure 1, with symbols used to designate each.
Table I summarizes certain data concerning these areas.

The contours chosen were 15 feet, 85 feet, 55 feet, 76 feet,
100 feet, 150 feet, and 200 feet. Fifteen feet represents the
lower extent of 70° F. water during the hot period of summer
when the lake is calm. This water may be forced down nearly
i to 35 feet during severe storms. In Aupgust the thermocline is
m best developed between 35 and 50 feet. Below 50 feet conditions
in the different basins are variable and are discussed individually.
The calculation of water volumes between the several contours
was made according to the following formula assuming the form
! to be a frustrum of a cone. The volume (V) is in acre-feet (the
amount of water which will cover one acre to a depth of one
__ foot) ; A, is the area in acres of the plane of the upper contour;
A, is the area in acres of the plane of the lower contour ; h is the
distance in feet between contour planes.

V=h/3 (A,+A,+VAA,)

There are various inaccuracies in this method which are discussed
in Survey Report No. 2, page 143, but the technique yields figures
of sufficient precision for the purposes of fish management.

The data used in judging the suitability of water for game
fish is summarized in Table II, which gives temperature, oxygen,
and pH values for 15 separate stations. In tabulations, the re-
sults during early August were used, since the lake temperature
was at its maximum at that time.

TA II. Sum I waler ] [H x
E.mnt...!_._ .”ﬂJ.wu#nn. .n__u_n.u_ ._-H-. ﬂnﬂﬂum..nﬂ.,rnﬂ_.nn ons on Moosehead Lake. The water ansiysis

d Depth Tempar- Oxygen: pH
Duseription of station in tura: o] ¢ | per cent | Bromthymal
IV tet | "VF. ppm. | saturation | - Blee
; == = £ = ——ms =
Wi, July 5, 1944, B:00-4:00 P.M. 0 BE.T 2.4 106 7.0
DE _ ﬁ*m #4 mile west of Biech Taand. 5 BE.Z
Depth of water: 145 . 10 6.8 oy i h
o wind or el o
Fﬂ&aﬂm??}ﬂumﬁﬂrg Beccht dine diappeared ot 18 It 20 81.0 e it s
Dotted Ines separcte majerloke mm Mm.ﬁ 10.6 16i X
adl a0 E6.0 i b o
divisions as described m text. 50 51.2 t0.4 a5 T
Dashed lmes show position of (I - S T i 68
. 59 50.2 e i i
diagrammatic loke section of Fig. 2. 00 | 493 3 . 63
110 AT.E 0 L T ey
..“.WM MM% 1ol 89 6.8
Figure. 1. Reference map of Moosehead Lake showing water analysiz stations § 140 “45.9 105 "8l 8.7
and lake divisiona. 9
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TABLE IL Water it e Wty Lo atel
Depth | Temper- |- Chyrgent rH wﬂ# Temper- Oxygen: rH
Description of station in atare: Oxygen:| per cent |Bromthymol Description of station ature; Oxygen cant thymal
fact *F. p-pem. | saturation lue feat *F. p.pom. ¥ nﬂ“ﬂﬂ.ﬂ. U..qﬂ!bﬂ
W 1844,  1:00-2:00 P.ML 0 6.0 8z 104 7.0 W7, July 18, 15944, 1:80-3:15 P.M ] B2 5O
Sdwr Latams Hoghek TMacd dod 5 | esa In North Bay half way betwees Hig s | 6oz s s
Spencer Bay narrows 10 676 Duck Cove and Moose Brook Cove, 10 66.2
Depth of water: 104 ft. 16 BO.8 o5 ] 7.0 Dapth of water: 110 ft. 15 65.T 5.2 101 T
Enst wind, waves 1 ft, w_m mﬂ _ West wind, wavea 2 ft. M Mm..w
&0 574 g £ w8 a0 BLT 4 89 Ba
&6 A0 &6 61.2 5
Al 6.8 Al £2.0 i
B 54.1 9.8 o 5 46 518 b
B0 8.1 B GL.E EE 4 6
T0 G20 8.8 91 6.8 60 602 o P o
Bl 516 T0 47.7 i 8.8
a0 G1.1 a0 AE.E i i
100 G056 8.7 B6 6.6 90 4.0 Li f iy
100 458 T a3 [}
110 45.1 9.1 9 T
1944, 3:00-4:00 P, 1} GRS 83 106 7.0 3
ﬂ%ﬂ?iﬂﬁ#aguﬁ i BE.5 WE.  Aug. 2, 1944, 2:30-5:80 P.M. 0 LA w0 106 7.0
u___.u:wn. _._Ea it mr“r e ga1 o4 10d T.0 . River, 3 mils EE Kinea &mm E uw B.6 pa
" 1] BEE Diepth of water: 178 ft, g 18 66.2 e iz
25 67,7 SBoutheast breezs, waves 2 in. 20 65.8
an BB.5 10,0 100 ‘T 25 65.5 a1 102 (4]
a5 i a0 65.1
40 B 86 3.5 S,
&0 B3.1 9.8 4l 6.8 40 56.5 8.4 95 6.1
a0 2.2 45 538
b} BL.E 100 04 6.8 ﬂ mm.m 0.8 9 6.6
M0 483 10d ‘83 He
e i ) i L al. w“ 48.4
July 6, 1044, 9:00 AM. g 2
.ﬂh-_.u. & [ 6.9 i G i 100 468 102 a1 6.6
Half way betwesn mouth of Mooss 10 66.9 i o) na 110 T e ey e,
River and hotel on Kineo 15 B45 0.8 106 T - b 120 4.1 104 i G
of waters 178 Fu & M %..m 2.8 100 .8 1 ﬁ & s ‘5 I
e e i 30 B4T 10.4 idd (3 150 s g i o5
as BL1 160 438
40 25 10.3 a3 6 176 424 Cer o
% | Bf | s "4 'y :
a0 405 by WO, Aug. 7, 1944 11:00 A to 1:00 0 T0L8 BT 101 T2
il 47.8 0.2 91 a7 PALL i 5 T0.2 it i o
Bl @ = | = oy Bl o8| | @ 4
T o i as WL ¥ 100 i
100 444 10.7 91 .6 Dipth of water: 164 ft 20 8.8 i T .4. _
110 a8.2 Marth breese, 4 in. waven. 26 63,9 P
120 42.8 111 ] 6.6 Hecchi dine dissppeared at 20 ft. B0 62.1 B4 o1 6.8
130 426 HQE“E%&EER.EE 14 5 69.9 Ay
140 42,8 111 a3 6.5 bﬁw«.ﬁ 5 ft. 18 p.pb. 40 67.0 /
160 42,1 109 92 6.5 in p.p.m. 45 55,8 e o liF<
150 42,1 e s S Burface 9.0 50 BS54 a9 a7 (%]
170 41.9 i 86 ft. 7.5 & %m i "4 e
150 ft B4 ﬂ mmﬁ R n..q
We. July 11, 18944, 2:80-4:50 P [ 665.6 9.6 108 70 100 B0.T B “&T Fi
mile east of Kineo Mtn. 5 f6.4 110 48.8 v {5
of water: 222 fr. 1 6.5 120 489
Southesst wind, waves 8 in, w_w mﬁ 9.8 108 7.0 ﬁ m“.m 8.3 a8 6.4
g 540 yeealan e e 166 X Bl ‘8 Cx
mn m.m 10.5 102 B9
#m a2 L s T Wi 7, 1944, 2:15-3:80 P.M. b 727 748 -1 1
5O 500 108 104 6.4 Midway Hogback Intand and B 0.9 i iy R
ﬂw Mm.w i mb!umﬂmﬂz_mﬁuﬂﬂ, Same a8 W2 w.m Mm%
5 1. 108 6.8 Depth of water: BE.S 48
B 475 Northeast breeze, waves 6 in. o0 69.8 q.u
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TABLE IL Water smmlyses—Continned -
— — TABLE II. Water analyses—Concloded
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Banel dige AloypeePet Sk ST I N 9 SRS [ R B | - ._”.”
35 4.9 a0 68.7 85 a7 70
B | s | s i 6. o i e i
| &3 W6 "8 WA Nl = & & ok
2 5 70 B0 0 86 6.4
wo | 484 | 106 & 0. _ 0| B cey i s
wuﬁ “m.m “on ren ] um“ 514 8.3 Ef 6.6
0 | s | d0s | e i . g [ HE] ] i
140 ﬁ;m ; 123 e 2.3 88 6.5
e S B s I =
as | 43| iua " W
. Aung. 16 4. 4 A0 P.M. o 71
S iioan of W Ao o
164, 1:00-2:30 PM 0 Th 8.1 108 T b i Eae WD sad Wil, 10 T3
ﬁﬁ%% Hﬁ.g Moass| & TLA Southwest brooze, waves 6 in, 20 [E
Brook Cove and Duek Caove, 10 712 ¥i $ii wi 5e o
Depth of water: 140 ft. s 2 e : 3 653
Weat breese.  Rlpples, 25 T0.2 b 40 622
20 66.5 4.5 28 6.9 45 EE.3
] 5a.8 50 BB
..m W“ e i ba um w_rm
A £2.0 a7 "1 6.6 n 495
7 493 10.0 “§i 6.5 2 &
fl Bl al 2l |
100 465 w4 80 6.6 “un tnm
110 mmw e nEr S 1d0 b
s | #| 8 H — =l | ] sl o
; - _ _ : Tables TII and IV summarize the data on water volume and
s . i = bottom area for the nine sections of the lake. As in previous
i TNk L1006 g 128 s surveys, the water layer which attains a temperature above
o o m T a L . 70° F. has been designated as “non-trout.” There is no oxygen
e O 7 8 " deficient water in Moosehead Lake. Actually the designation of
Seechi diac dimppenred at 18 ft. even the surface waters as “non-trout” is probably erroneous.
i ; o - B e Brook Trout and salmon ecan tolerate temperatures ahove 70° F.
Yo Lity By 114 mites st of Diagh- | m= . when they need not compete with such species as black bass and
et L s H“m a4 Cat .0 white perch. Furthermore, the highest temperature recorded
Becch dise diafpeare at 17 ft. E 662 i ‘& i from the surface during the summer was 78.4° F., and in this:
e " 2l & o i case the water five feet below was 71.4° F. Members of the sur-
Ty e 5 e ”m_..w ‘i o vey party observed salmon and trout feeding on the surface dur-
& 584 Vi e Wi ing midsummer, and this is borne out by a study of stomach
Ei) 624 Sy contents. It may be concluded that for all practical purposes the
85 EL9 8.4 74 6.4 3 : i
entire 4,084,241 acre feet of Moosehead water are available for
trout and salmon, and the entire bottom may be utilized as a
zone of food hunting.
12 :
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TABLE ITI. The volumes of water in acre foet, and by por cent (ln perentheses), in specified depth sonei of the different geographieal divisions of Mosnchead Lake,

e =5 Depth dn-;I;'f;_ L
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Speecial mention may be made here concerning the suitability
of the water for Togue. This is a deep water species whose
preference for the lower levels iz presumably based largely upon
temperature. Most of the Togue taken by the survey party
came from water below 60° F. It may be that Togue prefer
even colder water, for the best eatches were made near Farm
Island, the only part of the lake where large volumes of water
below 50° F, are found.

Only brief consideration was given to the amount of nutrient
substances dissolved in the lake water. Clarke’s analyses given
above show a very low concentration of salts when compared to
midwestern lakes. This condition is typical of other large deep H
New England lakes which have been studied. In a survey of
Connecticut lakes Deevey and Bishop (1941) report that the
plankton productivity of the lakes studied was correlated with
total nitrogen and phosphorus. Clarke reports only a trace of
nitrate in Moosehead, but his analysis may havé been made in
the summer when minimum values would be expected. Winter
nitrate is a more reliable value, Measurement of total phos-
Phorus made by survey personnel in August averaped 14 parts
per billion with no significant differences between depth layers.
As compared with Connecticut lakes and with Maine lakes in
Hancock County, this value is neither exceptionally high nor low.
We may conclude that Moosehead Lake is shout average in poten-
tial plankton producing capacity as compared with other lakes of
this region.
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The Individual Lake Basins. It is well known that in large ir- ...“.....“ /// H
regularly shaped lakes, the several sections of the lake may pos- - - Sk
sess distinet individuality. Our water analysis stations were so
located that each would be representative of a major division of
the lake. The chief difference between areas was in temperature :

stratification. This is shown in the diagrammatic section of :

Figure 2. A line wag drawn from Northeast Carry to Greenville NN
so as to intersect all water analysis stations. A separate line was . -
drawn through Lily Bay and Spencer Bay. Depths along this
line are plotted on an extremely exaggerated scale. The reader . .
is cautioned that the barriers between different regions are not _ o 2l
nearly as great as would be judged from the figure. Water of ]
each temperature range is shown by a characteristic pattern. Tt - H
will be observed that 70° F. water goes down to 30 feet in North Vs e 8 g g g
Bay and only to 10 feet between Deer Island and Sugar Island. i L ——! i L

=
Hardscrabble
Ridge

ADASFH
Ml |

Kineo Deep

FormIsiand-

North Bay

. Figure 2. Diagrammatic section of Moosehead Lake showing temperature distribution in individual lake basins. See
discussion in text.
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This is not important, but is caused by the fact that the North
Bay observations were made during a heavy wind, The thermo-
cline where the bands are narrow and crowded is between 85 and
5b feet. It is very definite above the Farm Island-Kineo Deep,
but is wide and less definite in the southern half of the lake,
Below the thermocline the different divisions show the greatest
individuality. Near Farm Island and off Moose River, 40-50° F.,
water is found at all depths below 65 feet. The only other 40-50°
F. water found was in a small pocket between Deer and Sugar is-
lands. Here it occurs only below 105 feet. This great bulk of
cold water in the Kineo region is not found elsewhere. It in-
fluences the surface waters to some extent when storms cause a
mixing of the two, and it may be expected to have an influence
on the distribution of the fish in the lake.

. Conclusions. No lake studied by the survey has offered better
water for salmon, trout and Togue, The limitations on the game
fish of Moosehead will be due to food supply and angling pres-
sure. The sections of this report immediately following deal
with the problem of food organisms.

PLANKTON OF MOOSEHEAD LAKE

To the ecasual observer the open waters of a large lake often
appear unpopulated. Only at certain seasons does a “water-

bloom™ oecur which may discolor the water or make it appear to

be filled with small dust-like particles. Actually these waters
support an abundant population which escapes detection because
of small size and transparency. These small floating organisms,
belonging to both plant and animal kingdoms, are known as
plankton. They may float passively in the water, held up by gas
bubbles or oil droplets. Others execute weak swimming move-
ments which aid them in holding their position against gravity,
but are not strong enough to enable them to swim in a directed
course. To the fisheries investigator plankton is important as
a basic link in the food chain which leads to game and food
fishes. In certain marine fishes this connection is very close.
The mackerel and herring are species of commercial importance
which feed directly upon plankton. Even so large an animal as
the Greenland whale is able to subsiat upon the larger plankters
(plankton organisms) which it strains out in its mouth. As a
matter of fact some fresh-water game fishes may feed at times
almost exclusively upon plankton. A few Togue from Haymock
Lake and from Moosehead Lake contained hundreds of a large
plankter, Leptodora. In general the food eyele is not as direct
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and may be represented by the accompanying diagram (Figure
3).

This diagram shows the plankton plants as the basic food pro-
ducers, deriving materials from the dissolved solids of the water,

ADULT CARNIVOROUS FISH
Salmon,Trout ,Togue ,Cusk

?

When plankton is .__\.
atundant it may be
utiliced directly

FRY COF ALL FISH SPECIER

by large fish \ Eaten by
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Flgure 3. Plankton in the Food Cycle of Moosehead Lake
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and energy from sunlight. So important are these plants that
the measurement of the chlorophyll (green coloring material)
which they contain is probably the best single index of bioclogical
productivity. Fish, however, feed directly upon plankton animals
to a much greater extent than upon plants. This is because the
animals are larger and can be more efficiently strained out by the
fishes’ gill-rakers. Small fish in shallow water may be chserved
to capture plankton animals individually. In deep water where
there is less light, plankton feeders presumably strain large
quantitiez of water and retain the organisms of suitable size
which happen to be eaught.

Although plankton organisms are found throughout the lake,
they are not uniformly distributed, Everywhere the upper
layers contain more organisms, and often different types, than

do the lower layers. In our studies samples from three depth
- ranges were generally taken. The upper range extended from
15 feet to the surface. This includes the upper warm layer of
water which reached a temperature of 70° F. The middle range

extended from 85 to 15 feet and includes the upper part of the .

thermocline. A haul from 75 to 35 feet sampled the eool water
of the hypolimnion. These depth ranges are the same as those
used by previous surveys, so that a comparison of guantitative
results is possible. Plankton also differs in compogition and
amount in different parts of the same lake. Currents, wind ac-
tion and other factors may cause plankton to be especially abun-
dant in one section on a given day. Finally there are great sea-
sonal changes in plankton abundance. Almost universally, late
summer shows a minimum. Since our plankton collections were
made at three times during the summer, the eollections of each
group were averaged and compared. The results of this cOMm-
parison were as follows:
Ave, volume,

ec.feu. ft.,
Number of 15 ft. to Standard
Group Dates collections surface error
I July 6-July 18 5 025 0.002
II  Auwg. T-Aug. 11 [ 052 0.24
I Aug. 16-Aug, 22 3 0.44 0.04

Because of the high variability of the samples taken in Group II,
no significance can be attached to the difference between these
samples and those of Groups I and IIL Since the difference
between the means of Group I and III is five times the square
root of the sum of the squares of their standard errors, the
difference is probably significant, The average volume of plank-
ton increased in the lake between early July and mid-August.
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Types of Plankton Found. In the tabulation of plankton eounts
(Table V) all organisms are classed under ten headings. One of
these headings, Copepoda, is subdivided into two groups as ex-
plained below. In many instances the choice of classification
group for a species is arbitrary sinee authorities do not agree.
In general the grouping follows Ward and Whipple (1918) with
some changes according to Smith (1933).

Crustacea. Two groups of Crustacea were prominent in the
plankton. A popular name for this group is “water-fleas.” The
Copepoda were most numerous in individuals. Common species
were Cyelops lewkartii and a species of Diaptomus. Copepod eggs
develop into free-swimming individuals called nauplii which bear
little resemblance to the adult species. Both young and adults
Were most abundant in the upper fifteen feet, but proportionally
more nauplii were found at greater depths. Cladocera were much
less abundant particularly below fifteen feet, but presented more
variety. Common species were Daphnia retrocurve, Daphnia
pulex, Bosmina longirostris, and Holopedium gibberum, Also
observed were Leptodora kindtii, and Diaphanosoma brachyura,
Females of this group carry their young in a brood pouch until
they have attained substantially adult form.

Protozoa. These are one-celled animals which are sometimes ag-
gregated in colonies. An abundant eolonial form was Dinobryon,
found in almost every sample, Other genera represented were
Muallomonas, Actinosphaerium, and Synura.

Rotifers. These are a group of small worm-like animals of
microscopic size. Feeding is accomplished by drawing in a eur-
rent of water by the action of cilia around the mouth. Although

not as abundant as in many lakes, a large variety of rotifers was

identified, and they were present in all samples. Genera listed
include: Notholea, Polyarthra (most common), Anuraee, Cono-

ehilus, Gastropus, Rattulus, and Asplancha,

The algae collected were classified into four major groups fol-

lowing Smith (1983). One of these, the Chlorophyceae was fur-

ther subdivided for purposes of tabulation. The organisms found
are listed below.

Myxophyceae. These algae are characterized by a blue-green
color. They are primitively organized cells, often covered with
a gelatinous sheath and grouped into filaments or irregular
masses. Among the genera identified were Coelosphaerium (very
common), Anabena, Nostoc, Clathroeystis, and Aphanocapsa.
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Bacillarieae. This assemblage is commonly known as the dia-
toms. It includes minute plants which are encased in a delicate
box-like shell of silica. Diatoms were the most abundant plank-
ton form in practically every sample, and are an important source
of food for the micro-crustacea listed above. Tabellaria and
Asterionells were extremely common. Other genera included
Rhizosolenia, Diatoma, Fragillaria, and Navicula, in order of
decreasing abundance.

Chlorophyceae. These are the green algae which are often seen
in pools and roadside ditches. The planktonic forms are much
more delicate in construction. The following genera were iden-
tified: Dictyosphaerium, Ulothriz, Chlorobotrys, Micratinium,
Pediastrum, Botryococcus, and Actinastrum. Two groups of
green algae were counted separately. The Desmidaceae are in-
teresting forms with the cell partially divided into two semi-cells,
The most common genus was Stawrastrum. Others which were
found less often were: Arthrodesmus, Xanthidium, Cosmarium,
Pentum, and Spondylosium.

Another family of green algae is the Volvocales. One genus,
Volvox, was unusually prevalent in Moosehead Lake. No other
species were identified.

Dinophyceae. Smith treats this group of flagellated organisms
as algae, but they are often regarded as protozoa. One large
species of Ceratium was consistently found in the upper fifteen
feet.

Quantitative Plankton Study. As deseribed above plankton
samples were collected from definite depth ranges by means of
a Birge closing net of #20 silk bolting cloth. The samples were
placed in graduated sedimentation tubes and the plankton volume
measured after twenty-four hours settling. For a criticism of
this method see Ward and Whipple (1918). All samples were
diluted to 100 ml. and observed in a Sedgwick-Rafter counting
cell. For the larger plankters such as crustacea and rotifers,
counts were made for two 1 ce. samples using & hinocular miero-
scope. All other species were counted in 20 fields of 1 cu. mm.
using a compound microscope. Counts were converted to num-
bers of organisms per cubic foot of water filtered assuming a
filtering efficiency of 0.88 for the net. Results of individual
samples are given in Table V. Tahle VI iz a composite table
averaging all results on Moosehead Lake with those of the
Rangeley Lakes in 1939, and with those of 61 lakes and ponds
of the central coastal area surveyed in 1941,
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TABLE V. Summary of plankton abundance in Mooschead Lake. [Coneluded)
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Several facts are evident in this comparison. First, Moosehead
Lake is poorest in plankton volume at all depths. Individual
ponds in the coastal area were, however, much lower than Moose-
head. Other more productive lakes more than eompensated for
these low plankton waters. A comparison with the Rangeleys,
which are also important trout and salmon waters, is of especial
interest. Moosehead plankton is consistently lower, but in one
important group, Copepods, it iz mueh higher, and approaches
the central coastal lakes. It would require further study to prove
that this difference would exist at all seasons, but it may be
important to the welfare of forage fish and young game figh in
Moosehead Lake. The rotifer population of Moosehead Lake is
consistently far below both of the other two series, while Volvox
(listed under Zoophyta in the comparison table) was more
abundant than in other lakes. The extremely high average for
the upper fifteen feet was caused by a remarkable inerease of
this species about August 10,

By making certain assumptions it is possible to calculate the
standing plankton crop in Moosehead Lake during late summer.
We multiply the average volume of plankton per cubic foot by
the amount of water in each depth range. The average specific
gravity of the plankters is slightly over 1.0, but has been con-
sidered as unity. The results for the total lake area as short
tons of plankton in the designated depth ranges are: From 15
feet to the surface, 20,100 tons; from 35 to 15 feet, 6,600 tons:
from 75 to 35 feet, 1,800 tons; and below 75 feet, 700 tons. The

. total standing crop of plankton in Moosehead Lake during late

and midsummer is about 29,200 tons. This averages approxi-
mately 778 pounds per acre. This value would be higher if the
smaller plankters which pass through the net were included.
This quantity is over 150 times the standing crop of bottom fauna
in the lake. Furthermore, the rate of reproduction and develop-
ment of plankton organisms is so great that the standing crop
is only a fraction of the total seasonal productivity. Just what
fraction cannot yet be determined. It appears obvious on quan-
titative grounds that plankton must be the most important source
of food for fish in large deep lakes like Moosehead.
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mmw_p_m%# 4. An outline map of Moosehead Lake showing the distribution of the

ttom samples plus the 80 unsuecessful attempts at bottom sampling which

encountered rocky bottom. Each dot is one sample station.
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BOTTOM SOIL AND BOTTOM FAUNA OF

b in i
TABLE VIIL u__,an-“-ﬁmanﬂny & of botlom soil material Eoutwﬂi-#nlﬂin bottom

MOOSEHEAD LAKE sampling, and is th attempts, secording to depth

The present account of the bottom soil and bottom fauna of £ 2
Moosehead Lake is based on the collection of 228 bottom samples — 3 m __ 2 2| 5| =
plus an additional 80 unsuccessful sampling attempts in which 3 £ 21332
a hard or rocky bottom was encountered. The samples were col- mﬁm g g 2| 3 .m m 2
lected with Ekman dredges, having a 9-inch by 9-inch bottom v~ EAE AR YiE| ELIRRL
area, during the period of July 18 to August 29, and entirely miest NeEEN E | E | E| £/ 8|5 | & 2 |58 2
during the daylight hours of 8:00 A. M. to 5:30 P. M. The
samples were from localities distributed fairly uniformly over | ... ey B8 i e 0 O i R i
the area of the lake (see Figure 4), and the distribution of the iyl B0 ff 4 @ | 9 Sl Sl I N N
samples according to depth was approximately in proportion to g s A 0 5, 8 T M 0 I il .56 (. (.
the depth distribution of lake bottom area (compare data in [ - ®®0-.. ... | 2 [ 4 : ) o ] %]
Tables IV and VIII). For each sample, the location on the lake, b z 1 : i
depth of water, and type of bottom soil were recorded. All ma- | 20| || [ 3 =
terial collected by the dredges was screened with #20 sieves i el G| MELS SN BEE < - P
(i e., 20 openings to the linear inch). The organisms recovered -t | I R I _ i ’
from the screen were preserved in T0 per cent aleohol, except
that a few large bivalve molluscs were excluded from the samples i ke’ o) Wt o] Ml i Il el I D

on the grounds that they were of no interest from the standpoint
of fish food.

- The organisms in the samples were identified mostly to classes,
orders, or families. The number of each type of organism was
counted, and the volume of each type was measured by digplace-
ment in aleohol. The volumes of very small organisms were
most frequently estimated, and these estimates were based on a
knowledge of the average size of each type of organism obtained
by volume measurements on several specimens collectively.

Summary tabulations of the data on bottom soil and bottom
fauna have been based on water-depth intervals of 30 feet, in
Tables VII, VII, and IX; and the uppermost, 30-foot zone has
been further subdivided to show the nature of the bottom fauna
in the very shallow water (0 to 10 feet).

The collection of samples, especially from water depths of from
0 to 30 feet, and to a lesser extent at depths of from 30 to 60
feet, was to a considerable extent selective, on the basis of types
of bottom soil, because the Ekman dredges are designed to
operate only on a soft bottom. The frequent attempts at
sampling which encountered a gravel, rubble, or boulder bottom,
at depths of 0 to 60 feet, were mostly unsuceessful (the sampler
would not operate) ; except that most of the 19 samples, in the
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depth category of 0-10 feet, taken on gravel, and gravel and sand
bottom (Table VII), were successful sampling attempts because
they were taken in water from 1 to 3 feet deep with the operator
closing the jaws of the sampler by hand., The trequent unsue-
cessful sampling on hard bottom at depths of 11 to 60 feet was
compensated for by additional samples on soft bottom at cor-
responding depths; so that, while the data remain quite repre-
sentative on the basis of depth, there is a definite lack of data
in the sampling for organisms on rocky bottom. Below a depth
of 60 feet, practically all sampling attempts encountered a soft
bottom and were successful. The entire group of 228 samples,
then, provides representative data on the summer bottom fauna
for depths of over 60 feet, selective data for organisms of soft
(not rocky) bottom at depths of 11 to 60 feet, and fairly repre-
sentative data for organisms in the very shallow water at depths
of 0 to 3 feet within the 0-10-foot zone.

Bottom Seil. The shoreline of Moosehead Lake is almost entirely
of rocks and boulders ranging in size from several inches to
several feet in diameter. Shallow-water areas of small gravel are
very limited in extent, and sand beaches are almost non-existent,
The limited areas of sand, mud, and other fine materials in shal-
low water are confined mostly to small and protected bays and
protected stream mouths. The distribution of the bhottom

sampling in shallow water was quite selective, as the result of .

choosing a soft bottom for the sampling, or of choosing a gravel
bottom for the operation of the sampler by hand: but for the
lake basin below a depth of 10 feet, the sampling is believed to
be indicative of the relative amounts of different types of bottom
soil throughout its depth range. (The number of samples en-
countering various bottom soil types are given in Table VII.)
The rocky character of the shore extends into much of the
11-to-80-foot zone: for the 101 samples and sampling attempts
within this depth range included 56 on a bottom of rock and
gravel as compared to 45 samples on a bottom of mud, sand, and
other soft materials. From the 11-30 zone to the 30-60 zone
there is a considerable change in the character of the bottom ;
.in the deeper of these two zones, 46 samples contained mud and
other soft materials while only 19 samples and sampling attempts
encountered rock or gravel bottom. The samples from depths
greater than 60 feet contained mostly mud, i. e., fine-grained silt
and organic material. The 30-foot depth contour is approxi-
mately a transition line above which the lake bottom is mostly
rocky in character and below which it is mostly muddy.
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Bottom Fauna. The organisms collected by the 228 hottom
samples represent four major types of animals: WOrms, erus-
taceans, insects, and molluses. The worms included leeches and
aquatic earthworms; the crustacea were represented by the
fresh-water shrimp; the insects, by the aquatic larval or nymph
stages of alderflies, Mayflies, dragonflies, caddisflies, midges, and
mosquitoes; and the molluses, by sphaerid clams and amnicolid
and other snails. The volumes and numbers of these different
types of organisms in the samples, according to water depth,
are summarized in Table VIII. The midge larvae and Mayfly
nymphs were the most numerous organisms in the samples ag
a whole; aquatic earthworms and pill clams were next in fre-
quency of occurrence. The organisms which represented the
greatest volume were, in order, Mayfly nymphs, midge larvae,
dragonfly nymphs, amnicolid snails, aguatic earthworms, and
pill clams. The bottom fauna was of greater variety, greater
total number, and greater volume in shallow water than in deep
water. An analysis of the depth distribution of the various types
of bottom organisms reveals definite depth preferences by some
organisms; not by others.. The fresh-water shrimp, Mayilies,
dragonflies, stoneflies, and snails were mostly from very shallow
water. The aguatic earthworms, midges, and pill clams were
uniformly from a wide range in depth. The Corethra larvae
were mostly from water of a moderate depth (30 to 90 feet).

In terms of quantity of organisms, the bottom fauna of the
lake is a very scanty one, and quite uniformly so throughout all
depths of the lake (Table IX), on all types of bottom (Table
IX), and in almost all geographical regions of the lake (Table X)
the few averages, in the tables, which would tend to refute this
conclugsion are based on a small number of gamples and are
therefore of least significance to the peint in guestion. The
average of 4.6 organisms, of 0.069 c.c., for the samples from
0 to 10 feet (Table IX), even though twice the average for all
depths, still signifies a scanty fauna.

The bottom fauna of Moosehead Lake is considered to be
scanty, on the basis of a caleulated average of 4.1 organisms,
of 0.059 cubic centimeters in volume, per square foot for the
entire lake bottom. Corresponding averages for the bottom
faunas of other Maine lakes are available from previous reports
in this series (Cooper, 1939, pp. 50 and 137; 1940, pp. 63 and 182;
1941, p. 98; and 1942, p. 75), and provide the following compari-
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The great majority of the 73 lakes and ponds, congidered in the
above for a comparison with Moosehead, are much smaller and
shallower than Moosehead. Also, they are mostly much richer
in organic material than Moosehead, judging from a greater de-
gree of oxygen depletion of their waters during the summer.
Moosehead compares more favorably with the larger of the
Rangeley Lakes and with Sebago Lake (judging from quite
meagre data on the latter lake); but these largest and deepest
lakes in Maine, which have been studied thus far, have been, as
a rule, the very poorest in quantity of bottom organisms. The
searcity of bottom organisms in Moosehead Lake is an important
factor in the economy of the lake, for the bottom fauna con-
tributes relatively little to the food of fishes in the lake (see sec-
tion on Food Habits of Fishes, page b6).

FISHES OF MOOSEHEAD LAKE AND TRIBUTARIES

Collections of fishes from Moosehead Lake were made by gill
nets and seines, and collections from most of the larger tribu-
taries were made by seines. The gill nets were of two types: a
875 x 6-foot net made up of five 75-foot sections with mesh sizes
of 4, 2, 8, 3, and 5 inches (stretched measure), with the five units
tied together in that sequence; and a 160 x 12-foot net of 5-inch
mesh (stretched measure). Three of the 375 x 6-foot nets were
used. In two of these nets the thread was white in color, and one
net was brown. The 150 x 12-foot net was white. The gill nets
were rigged with floats and weights so that in the usual operation
of the nets they sat on the lake bottom; for certain net sets the
nets were suspended from additional floats so that the nets were
fished at a desired depth level above the bottom. In the
operation of the nets, each net was usually set in one position
during the morning, and was lifted from that position, and the
fish removed, on the following morning. In a few instances the

net was left in one pogition for two days, in which event the net |
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was examined and the fish removed, at the end of the first over-
night period, as well as the second. The three 875-foot nets
were fished in Moosehead Lake for a total of 98 over-one-night
sets, for a total of 2,152 net-fishing-hours, during the period
from June 20 to September 9. An attempt was made to appor-
tion the number of net sets, according to depth of the net set, in
proportion to relative amounts of lake bottom area within dif-
ferent depth zones. The 150 x 12-foot net was fished for a total
of 36 over-one-night net sets, for a total of 767 L% hours, during
the period from June 20 to August 25. The ranges in depth of
water to the bottom of the nets for the various sets of the two
types of gill nets used in Moosehead Lake are shown in Figure 5,
and a comparison of this figure with the data in Table IV will

-show that the depth distribution of the net sets was approxi-
mately in quantitative proportion to the depth distribution of the
bottom area of the lake.
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Seining collections in both the lake and its tributaries were
made with Common Sense minnow seines of 6, 12, and 20 foot
lengths. As a general policy, all fish collected by seines were pre-
served, or recorded as a part of the collections. The rocky char-
acter and steep slope of most of the shoal areas of the lake made
seining quite difficult, and this fact, together with the fact of an
inexperienced seining erew, was probably responsible for the
comparatively small numbers of fish in the seine collections.
Seining collections were made at 39 stations on the lake and at
12 stations on streams tributary to the lake. All seining was
done during the daytime. Seining in the lake was done entirely
along shore in shallow water mostly less than five feet deep.
The 39 lake seining collections represented a total of 29145 hours
of actual seining; the 12 stream collections, T4 hours of seining.
. The locations of all gill net and seining collections on Moose-
head Lake and its tributaries are shown in Figure 6.

Distributional List of Fishes and Notes on the Species

The fishes collected from Moosehead Lake and its tributaries
included 21 species. By taxonomic groups they were: 1 species
of smelt, 2 whitefishes, 3 salmonids, 2 suckers, 9 minnows, 1 bull-

“ head, 1 sculpin, 1 stickleback, and 1 eusk. A fourth salmonid, the

Chinook Salmon, has been planted in Second Roach Pond, a tribu-

tary of Moosehead Lake. At least two other species, the eel and

a sunfish, may be present. Notes on the ocenrrence and abund-
ance of the species are given in the following list.

Smelt. Osmerus mordaz. Two small individuals were taken in
the seining collections. None was taken by the gill nets. On
the other hand, the Smelt was, by far, the most sbundant type
of fish in the contents of stomachs of Brook Trout, Land-locked
Salmon, Togue, and Cusk collected from the lake. Judging from

'its appearance in the stomachs of these larger fishez, the Smelt

is believed to be very abundant in the lake and more abundant,
except probably on the shoals along the shore, than any other
species of the smaller fishes. From the searcity of the Smelt

- in the seining collections, it is concluded that the Smelt in Moose-

head Lake lives mostly in open water and in deep water. That
the principal habitat of the Smelt is the open and deep water,
throughout Maine lakes in general, may be surmised from the
results of zeining collections of thiz and previous Maine lake
surveys (see previous Fish Survey Reports). All of the smelt
found in the collections and game fish stomachs were of a small

size;—mostly less than four inches long (zee Table XVI), This
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fact, together with the failure of the gill nets to catch even a
single smelt, is strong evidenece that there are no large-sized
smelt in Moosehead Lake, or else they are very rare. Fre-
- quently in the past, these same gill nets have caught numerous
. large-sized smelt in Maine lakes, even in waters where the
Smelt was not especially abundant.

Menominee Whitefish. Prosopium eylindraceum gquadrilaterale.
This is the more abundant of the two species of whitefishes found
in Moosehead Lake. The gill nets collected 64 individuals of this
species as compared to 9 Common Whitefish. It is readily dis-
tinguished from the Common Whitefish because it is less deep-
bodied and more chub-like in outline than the Common White-
fish. The Menominee Whitefish caught by our nets were mostly
about 8 to 14 inches long, and generally much smaller than the
Common Whitefish which were taken. This size difference be-
tween the two species is reported among individuals of the two
species taken by anglers. In our fish eollections, the specimens
of Common Whitefish were mostly much older than individuals
of the Menominee Whitefish.

Common Whitefish. Coregonus clupeaformis neo-hantoniensis.

Nine individuals of the Common Whitefish were collected by the

! 98 over-night sets of the 875-foot gill nets; in addition, one speci-

: ' men was obtained by an unrecorded collection. Nine of these
ten specimens were preserved, and have been used in an attempt

* to determine their subspecific status. Counts and measurements
of gill-rakers, lateral line scales, body depth, head length, ete.
were made according to the methods used by Koelz (1929; pp.
805-307). The counts and measurements on these nine fish (8
females, 1 male) are summarized as follows:

Standard length in millimeters (L) .. Range, mm..mrmmmu Average, 352

Gill-rakers on first left arch ...... * o, B4- 2B; DA . %,
Lateral line seales ....ovvveeinnnnnn wo ., T9- 93; “ , Bb3
Standard length divided by length of
o SR T e e € 41-48: # 45
; Standard length divided by depth of
Ag ; WOet U CLTTRY a5 6.6 i e s “ L84 * 4
i il el g L
& Seinng Stations . and ventral fins ¥ 5
& S length n_n pectoral fin (PV/P) , Le-2.0; ; 1B
On the bagis of the number of gill-rakers and number of lateral
7 line scales, the Moosehead Lake specimens resemble more clozgely

the subspecies C. ¢. neo-hantoniensis than they resemble C. e.
stanleyi, as these two forms are characterized by Koelz (1981;

Figure 6. The location of fish collections by gill net and seine on Moosehead P. 371) ; the measurements of head length, fin length, and body
Lake made by the 1944 survey.
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depth were of little aid in identification. The posgibility of the
Moosehead fish being C. ¢. gulliveri is precluded by their low gill-
raker count. Kendall (1914) recognized two forms of the Com-
mon Whitefish in Maine, namely: Coregonus stanleyi, confined to
the Fish River chain of lakes, and C. labradoricus, as of more
general distribution in lakes throughout the State. Koelz (1981;
p. 380) recorded a third form, C. e. gulliveri from the Allagash
River. It is pointed out by Koelz (ibid.: p. 374) that Richard-
son’s labradoricus may be the same form as neo-hantoniensis,
It might therefore be inferred that Kendall’s records for lobra-
doricus apply mostly, if not entirely, to the form which Koelg
considered to be neo-hantoniensis, which form is of general dis-
tribution in Maine and is the Common Whitefish of Moosehead
Lale.

The Common Whitefish taken by the nets ranged in length
from 18 to 16 inches. The species is reported to reach a weight
of 3 to 4 pounds in the lake.

Land-locked Salmon. Sglmo solar sebago. The Land-locked

Salmon, not native to Moosehead Lake, was first introduced into
the lake about 1896. According to the State Fish and Game
Commissioners Reports and other records, the salmon has re-
ceived a considerable portion of the State’s fish-cultural efforts in
the Moosehead Lake region. The salmon has been stocked
heavily and quite consistently since 1900 ; the annual rate of
stocking during reecent years has been about 200,000 fish, and
has frequently exceeded the numbers of Brook Trout planted,
A total of 34 salmon, as compared to 120 Brook Trout and 191
Togue, taken in the gill nets would appear to indicate that the
salmon is greatly outnumbered by these species. We believe
that this is the case, but not to the extent shown by these figures.
The results of three series of net gets, in which the gill net was
fished at depth levels above the bottom (see page 47) indicate
that the salmon is more of an open-water fish, and less a dweller
on the bottom, than the Brook Trout and Togue. Numerous
reports by fishermen that they catch salmon more frequently
when fishing considerably above the bottom, the fact that sur-
face fly-fishing during spring and early summer is the most suc-
cessful method of catching salmon, and the frequency with which
salmon are seen jumping at the surface during most of the sum-
mer, all tend to substantiate the conclusion that the salmon is
predominantly an open-water, or pelagic, species. Thus the rela-
tively low number of salmon caught in the gill nets, which were

40

fished mostly on the bottom, is probably to a considerable extent
misleading. That is, the salmon is probably more abundant, in
relation to the abundance of Brook Trout and Togue, than the
figures 34, 120, and 191, respectively, would indicate. The ques-
tion is considered in more detail later on in this report.

Chinook Salmon. Onecorhynchus tshawytscha. During 1937
and 1938, a total of 31,280 Chinook Salmon fingerlings was
planted in Second Roach Pond. This pond drains into the Roach
River, a tributary of Moosehead Lake. These Chinooks have had
access to Moosehead Lake, and there are reports that anglers
have caught Chinooks from Moosehead, subsequent to these
plantings. It is probable that most, if not all, of the survivors
of these plantings had reached gexual maturity and died during
the seven seasons previous to 1944. Heecent plantings of
Chinooks in numerous lakes in Maine have resulted in a rapid
growth to large-sized fish which have reached maturity, spawned
(probably without producing a second generation), and all -died,

_ the entire eycle involving about 5 or 6 years, The Chinook Sal-

mon certainly was not present in large numbers in Moosehead
Lake during 1944, for none was taken in the survey collections.

Brook Trout. Salvelinus f. fontinalis. The Brook Trout or
“Square-tail,” native to Moosehead Lake, is abundant in the lake
and in many of the lake’s tributaries. In the lake it commonly
attains a weight of 8 to 5 pounds. Since the beginning of inten-
sive fish plantings in the lake, about 1900, a greater number of
Brook Trout has been planted in the lake and its tributaries than

of any other species.

. Togue or Lake Trout. Cristivomer n. namayecush. The Togue,
- more properly called Lake Trout, is native to the lake, It is the

most abundant species of game fish in the lake, and, according

- to year-around reports by fishermen, it is taken more frequently

by anglers than is the Land-locked Salmon and possibly more
frequently than the Brook Trout. Judging from our records, the
Togue commonly attains a weight of 5 to 12 pounds in the lake.
There are a few records of individua s weighing 20 to 22 pounds
taken by anglers. .

Common Sucker. Catostomus c. commersonnii, The Common

- Sucker, judging from our zill net ecatches, is the most abundant

of the larger fishes in the lake. It was taken commonly in the

- seining collections from the lake and from many of the tributary
streams. The species does not grow to a very large size in the
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lake, for very few of the 840 Common Suckers taken by the nets
were more than two pounds in weight., Most of the fish were
from 7 to 15 inches in length. The small average size of this
sucker in Moogehead is probably the result of the faet that bot-
tom food organisms (the natural food of the sucker) are gen-
erally rare (see page 33). _

Fine-scaled Sucker. Catostomus c. eatostomus. The Fine-scaled
Sucker is nearly as abundant in the lake as is the Common Sucker,
and iz the second most abundant of the larger species. The two
species of suckers together comprised more than half of all fish
caught in the gill nets. Though the Fine-scaled Sucker is poorly
known, and seldom recognized by fishermen as a species distinct
from the Common Sucker, the two species can be distinguished
readily by the smaller scales, more inferior mouth, thicker lips,
and triangular shape of the head (in side view) of the Fine-
scaled Sucker. The two species of suckers were the chief food
items found in the stomachs of Togue over five pounds in weight.

Fallfish. Leucosomus corporalis. This species is Maine's larg-
est minnow, and is one of the most abundant minnows in streams
throughout the State. It is not a common species in Moosehead
Lake, from which only two small specimens were taken in the gill
nets and very few were taken by seining collections. Tt was one
of the most abundant species in the seining collections from the
tributaries of the lake.

Creek Chub. Semotilus a. atromaculatus. The Creek Chob was
not collected from the lake, but was collected from several of the
tributaries.

Northern Daee. Margariseus margorite nechiriebi. A large

‘series of young individuals in one collection from Moosehead Lake

are tentatively identified as of this species. This being our only
record for the species, it is presumably rare in the Moosehead
region. :

Lake Chub. Couesius p. plumbeus. The Lake Chub is the most
abundant minnow in the lake, but was not encountered in any

of the tributaries. It was found to be an important food item in
the stomachs of the game species.

Black-nosed Dace. Rhinichthys a. atratulus. Not collected at
all from fhe lake, it was found to be one of the most abundant
minnows in the tributary streams,

42

Fine-scaled Dace. Pfrille neogaea. Not found in the lake, but
was found to be common in two of the tributaries.

! Red-bellied Dace. Chrosomus eos. One gpecimen was collected

trom the lake, and several were taken in three of the tributaries
of the lake. Two specimens of the hybrid, Pfrille neogaen ¥
Chrosomus eos, were obtained, one from each of two tributaries
from which Chrosomus eos, but not Pfrille neogaea, were col-
lected. ;

Golden Shiner. Nofemigonus e. erysoleucas. One specimen
from the lake and several specimens from two tributaries are our
records. However, sight records in the field indicated that the
species is common in the still-water sections of some of the tribu-
taries of the lake.

- Common Shiner, or Red-fin Shiner. Notropis e. a.uﬁﬁ?s. The

species was taken in three seining collections from the lake, and
it was found to be the most abundant species of fish in the tribu-

- tary streams, %

- Bullhead or Horned Pout. Ameiurus n. nebulosus. One young
- individual in a seining collection from Mud Pond Brook is our
- only record for this species. Whether or not the species is native

to the Moosehead region is unknown to the authors,
Fresh-water Sculpin or Slimy Muddler. Cottus cognatus, Two

- Yecords for the Slimy Muddler in seining collections from the lake

and one record for a tributary stream (Moose Brook), would sug-
gest that the species is quite rare in the area. But the species

~ was found very commonly in the stomachs of Togue and Cusk

from the lake. Our records for the occurrence of Cottus in these
two game species indicate that the Slimy Muddler occurs quite
abundantly from shallow water down to depths of over 100 feet,
a8 seen in the following examples of fish stomach records: One

~ Cusk from a depth of 184-187 feet contained 2 Cottus; two Cusk

from 116-122 feet contained 8 Cottus; one Cusk from 108-116 feet
contained 2 Cottus; 2 Cusk from 101-162 feet had 4 Cottus; one

- Togue from 116-122 feet had 1 Cottus; one Togue from 97-101
feet had 2 Cottus; three Togue from 58-T1 feet had 16 Cottus;

and many Togue and Cusk from depths of 40 to 100 feet con-

‘tained one or more Cottus each.

- Three-spined Stickleback. Gasterosteus aculeatus cuvieri. This
‘8pecies was found to be the most abundant and most widespread
of the smaller species on the shore shallows of the lake. It was
~of rare occurrence in the streams. In the lake it was found in
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the stomachs of a few Brook Trout and salmon, quite frequently.
in the Togue, and very frequently in the Cusk. Most of the game
fish and Cusk which contained sticklebacks in their stomachs
were caught at depths ranging down to about 50 feet: the very
few records for sticklebacks from depths of 50 to 100 feet sug-
gest that the stickleback is of rare occurrence at this depth
range.

Cusk or Burbot. Lota lota maculosa, The Cusk is one of the
most abundant and most widespread of the larger fishes in the
lake. Though the gill nets seldom caught more than 4 or 5 Cusk
In any one set, they caught this species quite consistently in all
parts of the lake and at all depths. The size of the Cusk from
our net sets averaged fairly small, with few individuals exceed-
ing 3 pounds in weight.

Two species, in addition to those cited above, are reported by
local residents to be present in Moosehead Lake, namely: the
Common Eel (Anguille bostoniensis) and a sunfish. The eel is
reported to be fairly common. The failure of the nets to catch
any eels suggests that the species is no more than rare. Local
residents at East Outlet reported that they have caught sunfish
in the lake just above the East Outlet dam. The species is prob-
ably the Pumpkinseed Sunfish (Lepomis gibbosus), although
Lepomis auritus is a possibility; no specimens from this locality
have been seen by the authors. .

With the exception of the possible rare occurrence of sunfish,
the fish fauna of the lake is noteworthy in the complete absence
of the warm-water game fishes, particularly the pickerel, perches,
and basses.

Abundance and Distribution of Fish Species. The records of
fishes caught by the 134 over-one-night gill net sets (the two
types of gill nets combined) and by all seining collections have
been summarized according to total number of each species

caught, and the numbers of over-night gill net sets and seining

collections in which each species was taken (Table XI). The
three abundant and important game species of Moosehead Lake
are the Land-locked Salmon, Brook Trout, and Togue or Lake
Trout. We have no basis for estimating the total population of
the lake, but from the standpoint of relative abundance, our net-

ting records indicate that the Togue is the most abundant of the :
three species, with the Brook Trout second in abundance, and the
Land-locked Salmon third; the total numbers of the three species
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Number
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194 gill net sets

Number
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148
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Elimizhihys a. nirotulus

Dinca
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Chrosomsa eps
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X
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Nolemigonua g, eryssinasy
Common Shiner

Nulropis ¢ cormutus

Bulthesd or Horped Peat

Amefuruz n. nebulomg

Fresh-water Boulpin

Cediug cogmalus
Thres-spined Sticklabeck

Gosleroalrus aculeniur suriend

collected were 191, 120, and 34 respectively, and they were caught
in 62, 37, and 17, respectively, of the 134 over-one-night gill net
sets. The total of 34 for salmon would indicate that this species
is only about one-fourth as abundant as Brook Trout and one-
sixth as abundant as Togue. That this low figure representing
the abundance of salmon is probably too low, and not represen-
tative of the actual situation, has been mentioned previously (see
page 40), and is substantiated by the numbers of salmon caught
in the gill nets when these nets were fished while suspended at a
depth level considerably above the bottom. Three series of sets
were made with the 375 x 6-foot gill net, in which the float-line
of the net was fitted with numerous accessory floats each at-
tached to the net by a rope of adjustable length (see Plate IV).
In each series of sets the net was fished for one over-night period
with the float-line of the net at or near the surface. The net was
then lowered uniformly to the next selected depth, by letting
- out the ropes of the accessory floats, where it was fished for a
24-hour period; and so on. The three series of these suspended
net sets were made as follows: The first series, from July 24 to
28, in the area east of Farm Island, over a water depth of 150 to
200 feet; the second, from July 81 to August 4, in Lily Bay, over
a water depth of 76 to 85 feet; and the third, from August 28 to
September 2, about one mile west of Birch Island, over a water
depth of 146 to 150 feet. The fish caught in each of the 12 over-
_one-night sets, comprising the three series of suspended net sets,
were as follows:

Depth in feet
to bottom (Cemmon| Land- | Brook
Location Date of suspended | White- | locked | Trout | Togue
net fish Salmon

East of July 24-25 . 88
Farm " gy 28-28 e
Tsland o 27-28 46-46 2 7 1 3
Lily mwm__ July 31-Aug. 1 -7 1
o Aug, 1-2 21-21 i 2
T el - T 35-36 2
i “o34 &6-46 1 v B
- West of Aug. 28-29 -6
~ Birch S 16-16
Island | " 30-31 26-26 1 : ik
= Aug. 31-Sept. 1 36-36 1 1 4
B Sept. 1-2 &6-46 i 2
B Totalk......... July 24-Sept. 2 | 12 net sets 2 14 5 9
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The data given in Table XI are summary figures for the 12
suspended net sets with 14 salmon, 5 Brook Trout, and 9 Togue,
along with 86 bottom sets of the 875 x 6-foot gill nets which con-
tained 20 salmon, 110 Brook Trout, and 169 Togue, and the 36
sets of the 150 x 12-foot net which eontained no salmon, 5 Brook
Trout, and 13 Togue. If only the data for the 875 x 6-foot zill
nets are used for a comparison of the catches of nets fishing on
the bottom with catches of nets fishing at a level considerably
above the bottom, the totals are 20 salmon, 110 Brook Trout,
and 169 Togue from hottom nets as compared to 14 salmon, 5
Brook Trout, and 9 Togue from suspended nets. Even though
the number of suspended net sets was relatively few, the re-
sults of these sets do indicate that salmon are at least as abun-
dant, if not more so, in the open water as are Brook Trout and
Togue. From figures, given earlier in this report, on the volume
of water and area of lake bottom within different depth con-
tours, the following approximate figures have been computed.
The entire lake contains approximately 4,000,000 acre feet of
water, of which 8,800,000 is less than 75 feet deep. If a depth of
75 feet is taken as the lower depth limit of water inhabited by
salmon (see Figure 7), and, furthermore, if it is assumed that a
10-foot layer of water immediately above the bottom would in-
clude the principal habitat of bottom-dwelling fishes which would
be most subject to capture by six-foot gill nets set on the bottom,
then this 8,800,000 acre feet can be divided into two parts (1)
500,000 acre feet of water restricted to a 10-foot layer imme-
diately above the bottom at depths of less than 75 feet, and (2)
2,800,000 acre feet of open water including all water down to a
depth of 75 feet and exclusive of the 10-foot layer defined in (1).
By this rough calculation the lake is divisible into two zones:
(1) An open-water, or pelagic zone with a water volume approxi-
mately 514 times as great as the volume of (2) the bottom zone.
This calculation is for the purpose of showing that the volume
of water, in which salmon are frequently found, in the open-
water zone of the lake down to a depth of 75 feet, is far more
extensive than the volume of water in the bottom zone in which
Brook Trout and Togue are more abundant than salmon. The
exclusion, in this calculation, of water of depths greater than 75
feet does not invalidate the 514 to 1 ratio of open water to bot-
tom water, for this ratio is applicable to the lake as a whole.
Since the suspended gill nets took salmonids at the ratio of 2
salmon.to-a total of 2 Brook Trout and Togue (or a ratio of
2:1:1 for the three species) in the open-water zone, which zone
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represents four-fifths of the lake; whereas the gill nets fished
on the bottom took 20 salmon, 110 Brook Trout, and 169 Togue,
or these three species at an approximate ratio of 1:7:7, in a zone
which represents one-fifth of the lake:—it can be caleulated, by
weighting the above ratios in proportion to the relative volumes
of the two zones concerned, that, in the lake as a whole, the
abundance of salmon is in the ratio of 9 to an average of 11 for
Brook Trout or Togue. In spite of numerous inaccuracies in this
method of calculation, and in the arbitrary assumptions of con-
ditions involved in the calculation, the data obtained by the net
gets do indicate that the ratio of salmon to Brook Trout and
Togue was greater in the open water of the lake than in bottom
water, and that the proportion of salmon to Brook Trout and
Togue in the lake is greater than the figures from the gill net
sets (34, 120, and 191, respectively) would indicate,

In addition to the three species of salmonids, the lake has
abundant populations of the Common Sucker, the Fine-scaled
Sucker, and the Cusk or Burbot (see Table XTI). Together, the
two species of suckers outnumbered all other species in the gill
net collections. The Cusk was taken guite consistently in all
parts of the lake and at all depths. Of the two species of white-

.~ fishes, the Menominee Whitefish (64 fish) considerably outnum-

bered the the Common Whitefish (9 fish) in the collections.

. Of the smaller shore fishes of the lake the Three-spined Stickle-
back and the Lake Chub are, by far, the most abundant in shallow
water. Young salmonids were notably rare or absent in our
seining collections. Most of the young salmon were taken at
the mouth of the Moose River in which hatchery-reared young
salmon are planted each year. Thus almost no young salmon or
Brook Trout were colleeted from typically lake waters. The ab-
sence of young Togue in the lake seining collections we attribute
to the fact that young Togue probably retire to the deep waters
of lakes shortly after hatching in the Spring. The scarcity of

‘the Golden Shiner, which is typically a lake form, in Moosehead

Lake is attributed to the fact that the lake shallows are not a

suitable habitat for the species; the shore shallows are narrow,

rock-bottomed, wave-swept, and almost void of aquatic vegeta-
tion. In general, the population of these smaller shore fishes is
scanty in the lake, judging from our collections and from direct
observations during the summer. Our records from stomach
contents of salmonids and Cusk indicate that the Fresh-water
Sculpin, the Three-spined Stickleback, and, to some extent, the

49




Lake Chub are common to abundant in the deeper water or in
the open water of the lake. The seining records and stomach oz e
records, together, reveal that the Smelt is confined largely to |
the open and deep waters of the lake where it is at Teast fairly
abundant.

In the streams, tributary to Moosehead Lake, the Common
Sucker, Black-nosed Dace, Fallfish, Common Shiner, and Creek
-Chub are among the most abundant species. Many of the tribu-
taries are known to have large populations of Brook Trout. Only
one of our seining collections encountered a large trout popula-
tion, in the upper waters of Socatean Stream, while most of the
stream geining collections were made in the quiet-water sections
in the lower reaches of the tributaries presumably downstream
from the preferred habitat of the Brook Trout.

There is some interest in the question as to whether most
fishes are to be found near the bottom, or in open water above
the bottom; and some information on this question is available
from our gill net records. The 12 suspended sets (see page 47).
of the 375 x 6-foot net, fishing in water from the surface down
to a depth of 46 feet, and fishing over water depths ranging from
76 to 200 feet, took 28 salmonids, or 2 1/3 per over-night set;
while the 86 bottom sets of the same type of gill net, in water

ranging from 9 to 237 feet deep, took 299 salmonids, or 314
salmonids per set.

The catch records of the gill net sets have furnished data on
the depth distribution of the larger fishes in the lake (Table
K11, and Figure 7). The minimum length of salmonids, suckers,
ete. caught by the gill nets was approximately 6 to 9 inches, de-
pending on the species, so that the analysis of depth distribution
applies only to fishes of a size larger than 6 to 9. inches. Each
over-one-night set of a gill net has been tabulated as one unit;
but, also, the actual number of hours fished by the nets was re- .
corded, and the catch per net has been tabulated on a per-24 hour
basis. In this tabulation of the catch per net, according to the
depth ranges given in Table XII, if the depth range of a given net
set was more than 75 per cent within one depth range, the entire
set was atiributed to that range: but if the net set overlapped
two or more depth ranges approximately to an equal extent, the
hours of the set, and the fish caught, were apportioned on an equal :
bagis to the depth ranges involved. The tabulations of the num- . REf
ber of net sets, the hours fished, and the fish caught, by water-
depth intervals, are given separately for the two types of gill nets
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in Table XII. Figure 7 is based solely on the records of the 375
x 6-foot, experimental type of gill net with various sizes of mesl,
The 150 x 12-foot gill net, because of the large size of its mesh
(5 inches, stretched measure), has been found to be go selective
for large fish, that it catches relatively few fish; if the records
for this net were included in Figure 7, it would not change ma-
terially the content of the figure except to give a general redue-
tion in the value on catch per-24-hours for the various species.
The figures given in Table XIT and Figure T are the average
numbers of fish of each species caught per 24 hours per net
within different depth zones of the lake. The fish outlines drawn
on Figure 7 have no relation to the size of the fish which were
caught. Rather, the areas of the outline drawings in the figure
are approximately proportional to the figures on numbers of fish
caught per 24 hours, with the size of the drawings not being
comparable between species in most instances.

Certain conclusions on the vertical distribution of the larger
fishes during the summer months can be readily verified from
a study of Figure 7. The major part of the fish population in
yﬂnomm.bmnn Lake is to be found in the upper 75 feet of water.
Since over T0 per cent of the lake basin is less than 75 feet deep
Emm page 15), and since most of the larger species occupy a
wide range in depth within thizs upper 75-foot layer, it follows
that the majority of the fishes of the lake have sccess to, and
are abundant over, most of the lake basin, This generalization
is applicable especially to the depth range of 15 to 75 feet,
whereas 2 majority of these larger species were relatively rare
or not collected at all in the upper 15 feet of water. There are
some striking differences, which will be of interest to fishermen,
in the depth distribution of the different species of game fishes.
The Brook Trout was found to be more of a surface-water form
than either the salmon or Togue; its greatest abundance occurred
in the 15-to-80 foot depth zone, and it was collected down to a
depth of 60 feet. The Land-locked Salmon was found within the
EEW range of 15 to 75 feet, with relatively little difference in
its abundance in the 15-t0-80 and 45-to-60 zones. Of the three
salmonids, the Togue was definitely the deep-water species. It
was ‘abundant throughout the range of 30 to 90 Teet, and es-
pecially abundant between 45 and 60 feet, It is noteworthy that
Togue were found throughout the entire depth range of the
lake, from surface waters down to depths of over 200 feet. The
record of Togue for the 200-t0-240 foot zone was a single fish
taken by a net set on the bottom in 215 to 237 feet of water.
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Of the two species of whitefishes, the Common Whitefish, found
at depths of 15 to 120 feet, was definitely a deeper-water form
than the Menominee Whitefish which oceurred in fairly uniform
abundanee from the surface to 76 feet. There was a very strik-
ing difference in the depth distribution of the two species of
suckers. While both species occupied an extenszive depth range,
the Common Sucker,K was definitely a shallow - water form,
abundant from the surface to 45 feet, while the Fine-sealed
Sucker, not encountered within the 0-to-15 foot zone, was most
abundant between 45 and 120 feet. A recognition of the dif-
ference between the two suckers is important from the stand-
point of the Togue population, for the larger Togue, which were
found frequently at depths of over 60 feet, were found to be
feeding mostly on suckers, and at depths of over 60 feet, the
fine-scaled form is the most abundant species. The depth dis-
tribution of the Cusk was an extensive one, from the surface
to the 150-t0o-200 foot zone, and its abundance was remarkably
uniform over this wide depth range. Our deepest records for
the Cusk were of 2 individuals in a net set in 153 to 180 feet of
water, and 4 fish from a depth of 184 to 187 feet. The record of
the Fallfish in Figure 7 is based on only 2 fish from one net; pre-
sumably the species oceurs commonly in the 0-to-15 foot zone.

It should be emphasized that the preceding account of the
depth distribution of the larger fishes in Moosehead Lake ap-
plies only to the summer months. (Our netting records were
for the period from June 20 to September 9.) A quite different
picture of the depth distribution of these species, especially the
salmonids, probably would be obtained by comparable netting
during early spring or late fall, for, as most fishermen know by
experience, trout, togue, and salmon are found frequently near
the surface during the spring, but by mid-summer these species
are more abundant in deeper water to which they have descended,
presumably to avoid the warmer surface water.
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FOOD HABITS OF FISHES IN MOOSEHEAD LAKE

Examinations were made of the stomach contents of most of
the salmonids, Cusk, and Menominee Whitefish taken by gill nets
from the lake. In addition, the stomach contents of the Fine-
scaled Suckers in one net collection were examined. The

stomachs were removed from the fish, usually within one to

served in 10% formalin; and were subsequently opened and
their contents identified and tabulated. The number of each
type of food organism was counted; but in the case of a con-
siderable quantity of cladocerans, a one-c.c, sample was counted

and the total number was calculated from the measured total
~ volume. All volumes of food material present were measured
by water displacement. Stones, pebbles, and pieces of wood,
frequently encountered, were not tabulated as food. Larval
Ligula were encounted in the stomachs of a few figh which had
been feeding on the Three-spined Stickleback; and sinee it could
be demonstrated that these tape-worm larvae had been Parasites
in the body cavities of the sticklebacks, they were tabulated as
“stickleback” along with food organisms. Where caddisfly
larvae were found within their cases (frequently in the stomachs
of Menominee Whitefish), the volume of the material of the cases
was included as “caddisfly” in the tabulation. All fishes in
the stomach contents were measured for total length. In in-
stances where only part of a fish was left, as the result of par-
tial digestion, the total length of the fish was estimated, Fre-
quent comparisons were made of the measurements of individual
bones, vertehral columns, and fin rays with the measurements of
corresponding parts of entire specimens, as a basis for these
estimates of length.
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The fishes which were examined for this study of feeding
habits, together with data on the lengths of the fish examined,
the number of stomachs containing food, and the number, water
depths, and dates of the net sets by which these fish were col-
lected are cited in Tahle XIII. The question as to how well the
- results of this study represent the feeding habits of fishes in
the lake may be considered on the basiz of the numbers and
sizes of fish involved, and on the extent of the sampling involved

TABLE XIIT. The numbers and lengths of Gebes examined for sloma
Ra
g
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In the process of collection. In the case of Togue, Brook Trout,
and Cusk, the 185, 117, and 138 specimens taken by 61, 87, and 58
over-night net sets, respectively, and with most of the over-night
sets at separate stations in the lake, represent an extensive | »
sampling ; the 30 Land-locked Salmon from 15 net sets and the )
51 Menominee Whitefish from 22 net sets represent a fairly good :
sample; while, on the other hand, the 20 Fine-gcaled Suckers
were all from one net set, at one station, at a limited depth range, |
and on one date, and, therefore, the information obtained from
these suckers could not be regarded as necessarily representa-
tive. The salmonids, cusk, and whitefish are represented by
fairly large numbers of specimens collected from many localities
scattered over the lake, and from most depths at which the sepa-
rate species were found to occur in the lake, and at frequent
date intervals throughout most of the summer. The minimum
lengths of the different species examined were approximately
8 to 9 inches. Thus the results of the present study are helieved
to be fairly representative of the feeding habits, during the
summer, of Land-locked Salmon, Togue, Brook Trout, Cusk, and
Menominee Whitefish, of lengths greater than 8 to 9 inches, in
Moosehead Lake as a whole,

A summary tabulation of the volumes and numbers of dif-
ferent types of food organisms found in the stomachs of the fish
examined is given in Table XIV. In this table the types of food
organisms are listed in sequence aceording to the system of ani-
mal classification, and with the inseets divided into two groups:
aguatic and terrestrial. From the viewpoint of variety of food
organisms on which these larger fishes of the lake had fed, the
fishes, aquatic insects, and terrestrial insects were the important
types. Among the aquatic insects, the larval or nymph stages
of the midges, Mayflies, dragonflies, and caddisflies were the more
important types. Among the terrestrial insects, which fall from
the air onto the surface of the water and thus are availahle
mostly to surface-feeding fishes, the ants were the most im-
portant type, but there was also quite a variety of beetles, bugs,
and homopterans, Among the fishes, the Smelt was by far the
most important type of food of the game fishes and Cusk; the
Fresh-water Sculpin, Three-spined Stickleback, and Lake Chub
were all of frequent occurrence; and large-sized (8- to 18-inch)
suckers, salmonids, and Cusk were the prinecipal food of the very
large Cusk and especially of the large Togue. But from the
viewpoint of total volume of food, the figures (summarized on
& percentage basis in Table XV) show that these large-gized
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(over 8 to 9 inches long) salmon, trout, togue, and cusk in Mooge-
head Lake had fed almost entively on fish; the percentages of
fish in their stomach contents were 99.5, 89.1, 98.2, and 97.1, re-
spectively. An analysis of the types of fishes consumed by these
game species and Cusk reveal some very striking differences.
The salmon had fed mostly on smelt, and to a comparatively
small extent on the so-called coarse fishes—suckers, minnows,
- sculpins, and sticklebacks. The Togue had fed on large numbers
of smelt, but the volume by per cent of smelt (28.3) was small
in proportion to the volume percentage (66.6) of the large suck-
rs eaten by the large Togue. Game fishes represented only a i
small per cent (3.3) of the food of the Togue. The food of the ih
Brook Trout was 62.1 per cent smelts as compared to 27.0 per !
cent coarse fishes which were mostly Lake Chubs and stickle- i
backs; also, the Brook Trout was the only species which had fed .
to an appreciable extent (8.2 per cent) on terrestrial insects,
- which presumably were eaten at the surface of the lake. The
Cusk contained a considerable number of smelts which, how-
ever, represented a small volume percentage (18.7) as com-
pared to the volume percentage (78.4) of coarse fishes; among
g PiTaiirirIiTEal ¢ these coarse fishes, sculpins and sticklebacks were by far the
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they represent information which could be duplicated only to a
very limited extent by the shore line seining collections (since
the shore line shoals are a very limited habitat as compared to
the lake as a whole), and because thiz was our only source of
records for the smaller fishes in the open and deep waters of
the lake. On the basis of these stomach records, and the gill
net and seining records of water depths and fish caught, and
with some of the principal and generally known hahitat adapia-
tions and requirements of the different fish species in mind, the
summer distribution of the smaller species of fishes (zmelt, min-
nows, sculpins, sticklebacks, and suckers) in Moosehead can be
stated probably with a fair degree of accuracy. With this in-
formation, together with the information on the depth distribu-
tion of the larger salmonids and other predatory gpecies (see
Figure 7), it is possible to give a general summary of the rela-
tionships between the abundance and distribution of the prin-
cipal predatory species, the abundance and distribution of the
smaller food fishes, and the extent to which the different gpecies
‘of predators had fed on the different species of smaller fighes.

The probable depth distributions and preferred habitats of
these smaller fishes in Moosehead Lake may be stated, as fol-
lows: The Fresh-water Sculpin (Cottus coghatus) iz adapted
for a bottom-dwelling existence; it is also known to require cold
water. On the basis of these requirements, it might be expected
that the species occurs over much of the lake basin, on the bot-
tom, in the cold, deep water, but also commonly in the shal-
lower water (maximum surface temperatures in the lake were
found to be in the low seventies, Fahrenheit). Our results in-
dicated that this is the principal distribution of the geulpin in
Moosehead Lake. The seculpin was found commonly in the
stomachs of Togue and Cusk from water depths of 60 to 200
feet, as well as from shallower water. In all instances the seul-
pins were from stomachs of fish caught in nets fished on the
bottom, while the 28 salmonids eaught in nets suspended at a
considerable distance above the bottom (see page 47) eontained
no sculpins. Suckers are also bottom-feeding, and henece bottom-
dwelling forms; and the collections by gill nets fished on the
bottom indicated that suckers (the two species) were abundant
from the shallow water down to depths of over 100 feet, Moose-
head Lake has a very scanty bottom fauna {2ee page 33), and the
abundant suckers might have become, to some extent, open-water
or pelagic in habit, in order to supplement the scanty supply of
bottom food by also feeding on plankton. That this is a posgi-
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~ bility is indicated by the stomach contents of the 20 Fine-scaled

Suckers which were examined; these had fed mostly on plankton
forms (Table XIV). But, even though suckers occasionally may
be pelagic in habit in some Maine lakes (see also Cooper, 1940,
p. T1), the results of our net sets in Moosehead Lake indicated
that both species of suckers are predominantly bottom forms:
for the 86 sets of the 375-foot gill nets fished on the bottom took
586 suckers, while the 12 sets of the same nets fished at various
depth levels considerably . above the bottom took no suckers.
Judging from the results of our net sets, the Cusk is believed
to be mostly a bottom form. Minnows, especially the Lake Chub,
and the Three-spined Stickleback were found to be abundant in
shallow water, by the seining collections. Both types oeccurred
frequently in the stomachs of salmonids from water depths down
to 80 feet, less frequently from depths of 30 to 60 feet, and rarely
or not at all from depths greater than 60 feet. The numerical
preponderance of smelt over all other fishes in the stomach con-
tents of all the predatory species indicates quite conclusively
that the Smelt is relatively abundant in the lake. Judging from
the average number of smelt per stomach of game fish taken
from different depth zones of the lake (see Table XVI), the
smelt was fairly abundant from the surface down to a depth of
76 to 100 feet, and was possibly somewhat more abundant in
open water than in water immediately above the bottom. Our
seining collections in shallow water along the shore contained
almost no smelt.

Thus the principal summer habitats of these smaller fishes in
the lake may be summarized as follows: Sculping, suckers, and
cusk are to be found on the bottom in shallow to deep water;
minnows and sticklebacks, mostly in shallow water (the upper
30 feet), and most abundant near shore; and the Smelt, abundant
throughout the upper 100 feet of water, except very near shore.
From a previous discussion (see page 54, and Figure T7), the
abundance of the larger predatory species in the lake during the
summer may be summarily stated. The Land-locked Salmon is
to be found mostly at depths of from 15 to 60 feet, and more
abundant in open water than on the bottom; the Brook Trout,
abundant throughout the upper 60 feet of water, including sur-
face water, both over open water and near the shore; the Togue,
most abundant at depths of from 30 to 120 feet, and possibly
more abundant on the bottom than in open water: and the Cusk,
fairly uniformly abundant down to a depth of 200 feet, on the
bottom. Although the feeding records have been used, in part,
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as the basis for stating the distribution of the smaller fishes,

—— iy v

¢ numbers and lengthe® of fishes found in thaﬂmchntﬂmlhtndnt&mlhmludhkn summarized according o depth of water
the Bsh were collected,
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from which

TAELE XVI.

_au&ﬁ W— b s there still remains much of significance in pointing out the close
== relationships between the prineipal habitats of the predatory
m e, 2 = species and the habitats of their prey. The salmon, abundant
" > = in the upper layers of open water, had fed mostly on the open-
=T s oy water Smelt, to a slight extent on the shallow-water stickleback
s ik L M and minnows, and not at all on the bottom-dwelling sculpin,
[ e who 8 suckers, and cusk. The Brook Trout, living in the upper waters
3 = o | % of the lake, both in open water and near shore, had fed mostly l
promm—— o e on smelt, but also to a large extent on sticklebacks and minnows, _
alvln oy 3 and to an appreciable extent on surface ingects, but not at all
[ === ) on the bottom fishes (sculpins and suckers). It is noteworthy
| o l2]S i lia that the Brook Trout was the only salmonid found abundantly
& b e > m @ =T in the upper 30 feet of water, and it contained the greatest per-
P B P 7 [ ] centages of surface insects and shallow-water minnows and
PRI o e o s [ 27 i 7 sticklebacks. The Togue, being mostly a deep-water, and, to a
m mu il N w{ leld large extent, a bottom-dwelling form, had fed mostly on smelt,
g |g] fewmm e e} m m m ! m ! m ] to a large extent on the bottom-dwelling sculpins, suckers, and |
£3 g_ | |o |5 Hal el cugk; but the relatively few Togue from shallow water had fed
m 5 wqumpg ]| et |w == -] MBI ERE on numerous smelt and sticklebacks and a few minnows. The
= PRSI LY i T ey prg B W P T B P P Eﬁ&ﬂmmm@wngmﬁw!&mwcmnrmﬂﬁmwEmﬁmmﬁma_“ﬁm_& 1
a |5 e e et had Ll the fact that, of the three salmonids, the Togue occupies the |
M £ fm AR 3 m ¥ |3 413 m m E m greatest range in habitat conditions in the lake. The Cusk, _
i % b Al Rl Bl s bl Kl Rl et A abundant on the hottom in shallow to deep water, had fed to a
squnn] | . |als (2] el Jelwfm|=]|wla large extent on bottom forms (sculpins, suckers, and cusk),
o, |mrwmeay | 2| - lalel el e s o 5] while individuals from shallow water had fed to a considerable
E =5 i 0 G T extent on sticklebacks and minnows. The fact that the Cusk ”
WM e o 2] :i% m AR B A A R had fed to a lesser extent on smelt, than had the salmonids, we |
i v B il s i el Sl el ‘attribute to the belief that the Cusk is a less efficient predator
it MR e -1 il S e = =l el el and less able to capture the fast-swimming smelt. In summary, '
Wi By | %% |% a2 lels g Bl Bl el e Bt el the present study has indicated that these predatory species in
& e |o|alela o [0 == lne |- Moosehead feed mostly on whatever fishes of an eatable size are
B 2123121212 Hald(2(2](219] present in the same habitat with them. This is a conclusion
= s i i BB B L A0 1 i which is frequently taken for granted, but which has seldom
aemn] BlE|E[E|8)(8 HHEIEIEES o been supported by the accumulation of actual, even though cir- .
.w!.m Mm =laglalz|a|al~ mq1w alzlz|s|-]= cumstantial, data. i
& There is a considerable degree of competition for food, among !
.mm a g RE 213 NEYEIE the salmonids and cusk (especially the salmonids) in Moosehead !
8 sgak mmmmmmm.mmmm%mmmm Lake, in that they all eat smelt to a large extent, But to the :
m.m = extent that these fishes supplement a smelt diet by other types “
hm m wm of food, there is much less competition among the three gzal- |
& &1 25 § mm 2 monids because these three species of salmonids tend to occupy |
3 & Z o three distinct zones of the lake: the togue in deep water; the _.
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salmon in shallow, open water; and the trout in shallow water
especially near shore. The lake is sufficiently large and deep to
provide these three zones; whereas, in a much smaller lake, the
three species probably would not have sufficient gpace to exist
under a comparable degree of segregation.

In a previous paragraph, reference has been made to the fact
that the large-sized Togue in Moosehead had fed almost entirely
on large suckers. There were 17 suckers in the stomach eon-
tents, 15 from Togue and 2 from Cusk; the 10 Togue in queation,
including most of the largest ones collected, ranged from 22.8
to 31.2 inches, and the suckers which they contained, from 7.9
to 15.6 inches. The largest Togue collected was 34.9 inches long,
and it contained the remains of a salmonid estimated to be 15.9
inches long. One 21.2-inch Togue contained a 7.3-inch Cusk.
Not only were these large-sized food fishes confined to the
stomachs of the larger Togue, but they made up most of their

stomach contents. Apparently the suckers in Moosehead Lake

are very valuable in that they are the chief food of the many
large Togue which the lake produces. (For data, see Table XIV.)
The larger fishes in the stomachs of the large Cusk were much
smaller than those eaten by the Togue.

The 51 Menominee Whitefish stomachs contained mostly ead-
disfly larvae, and also considerable numbers of other aguatic
insects and of snails, but no terrestrial inseets and practieally
no fish (Table XIV). The caddisfly larvae, mostly of types with
cases made of sand, had been swallowed “case and all” No
doubt the sand aids the gizzard-like stomach to grind up insects
and snailg and other hard foods. i

The 20 Fine-scaled Suckers (the first U-shaped loop of the
stomach-intestine was examined) contained mostly plankton
water-fleas and a few midge pupae (probably also plankters),
and practically nothing else. These 20 suckers ranged in length
from 10.5 to 14.8 inches long, and were collected from one over-
night net set on August 18, from a water depth of 56 to 67 feet.
This small and single collection of suckers may not afford results
typical of the feeding habits of the suckers in the lake. But it
should be stated that the contents of these fish represent an un-
usual type of food for suckers. Neither the Fine-gcaled nor the
Common Sucker have the long gill rakers typieal of plankton-
feeders, and both have the inferior, thick-lipped mouth typical
of bottom-feeders, If it is generally true that suckers in Mooge-
head feed extensively on plankton, it is probably the result of
the fact that their normal bottom food is quite scanty,
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AGE AND GROWTH OF GAME FISHES IN
- MOOSEHEAD LAKE

Most of the game fish in the survey gill net collections were
used for studies of age and growth. As each net collection was
made, the fish were brought to the survey laboratory at Rock-
wood; each fish was weighed and measured, and a sample of itg
scales was saved. For almost all fish, the sex and stage of sexual
maturity were determined. Subsequently, the age of each fish
was determined by an examination of its scales.

The number of fish of each species used for the present study
is as follows : 34 Land-locked Salmon, 120 Brook Trout, 191 Togue
or Lake Trout, 64 Menominee Whitefish, and 9 Common White-
fish. This includes all individuals of these species which were

- collected by the gill nets. Details concerning the collection of

these fish are given in a previous section of this report. It may
be re-stated here that these fish were collected by a total of 134
over-night gill net sets scattered throughout all parts of the lake
and from representative depth ranges throughout the lake.
These collections were made almost continuously throughout the
summer (of 1944). The gill nets which were used are selective
in catehing fish, to the extent that they catch almost no small
fish. Our records for Moosehead indicate that the nets failed to
catch game fishes less than about 9 to 10 inches in total length.
Most of the 9- to 10-inch salmonids were in their third summer
of life, so that we have almost no records of fish younger than
three growing seasons. However, it is believed that the nets
collected a fairly representative sample of all game species of
lengths above 9 to 10 inches, and that the present study does
. allow certain valid conclusions on the general trend of age and
growth of Moosehead Lake game fishes above 10 inches in length,

In the examination of the scales of these fishes, it has been
concluded previously that salmon scales can be “read” with com-
plete confidence that most, if not all, readings are correct. This
(is because salmon scales grow rapidly to a large size, and the
spacing of the numerous eirculi varies greatly with the seasons.
The scales of Brook Trout from Moosehead Lake are quite easy
to read, and there has been little question as to the validity of
the readings with the exception of a few of the oldest individuals.
The scales of the whitefishes were likewise read with confidence,
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especially with the aid of the photographs of whitefish acales
given by Van Qosten (1923 and 1929). In the case of Togue or

Lake Trout, many of the scales were more difficult to read than m 2 mmm
were the scales of other salmonids. This was especially true of - -3 m 5 .m w,mm
the older Togue. Not only are Togue scales relatively small o B : ; £ .w
(like those of Brook Trout), but in older years the few cireuli f.,mm - ] B : = £ m. m s mm
are laid down with little seasonal differentiation in spacing, so f | 12 AL AETRE il . £70u
that most winter marks are discernible only by g slight dis- § m.m - mmmm mmm d mmm s .mu mm 5 g | E £ mm,m
continuity of the cireuli. A definite “wear line” across the ex- .____ b m.n.mm. mm..m_.u.m. mm.m, mmm _m,u. mm mm mmm. : .m mm
posed field, and the circuli pattern along the posterio-lateral § mm z953 | daad 2en |3a5 |30 |82 (B8 % | g 33 m
angle of the scale, are helpful characters. The writers are con- ; T E m.m
fident that most of the scale readings for the younger Togue g w B . 5 o le la le 1. L # w ..__.m
are correct, but the readings for some of the older fish may be mumm 2 |8 8 2 |2 |2 |z |z (= L [ mwm.
in error to the extent of plus or minus one or two years. = il b s G il ol B R m 4 £
Photographs of scales of salmonids from Moosehead Lake are * m mm !
given on Plates XV to XXVI at the end of this report. These 5 3 g 31 s & le g w £ Eopl
 scales were selected on the basis of being relatively easy to read. m il um 32 mw 31 mm mw mw g mm £ £ mm
Data on the lengths, weight, age, sex, and maturity of these § 3 & 8 ¥ BB a8 = m £ mmmw“
fish are given in Table XVII, and part of the data on total length § 3 3 m._ £
and weight are summarized by age group for each species in | m . 2 N ¥ m..mm _
Table XVIIL, In Table XVIIT the data are presented to facili. B | 5 umm plek [ Z |8 um Blaiile 13 m §s m
tate an easy comparison of the relative rates of growth of the Bl & fE7 | Ag|sd =p |88 (&2 3 ~HF s |3 Eaif
different species. 4 R S| 8|e = % m mm
The 84 Land-locked Salmon from Moosehead Lake were dis- £cfl & & m .mm 8
tributed among age groups III to VII: that is, the younger fish m .n..m P = 53 (W (. e | £ f Mm
were collected during their third summer or third growing sea- & m $x a3 mm 2% |28 «S |28 |2 3% 4 ﬁ“m
son, and the oldest fish were in their seventh. The scales of - mm -1 8 il am il g m g mmﬁm
these salmon showed the first two years of life as being of very §& 3 I mmmm
slow growth, presumably in a stream tributary or a fish hatchery, 4 2gh g h
at the end of which most fish were about 5 to 8 inches long (this i = I - o e e e e le H .mm_m . _
is an estimate; seale measurements were not made). In most mam v : 2 .m_m .m_ H
fish, the third-year scale area was very large, indicating a very — 1 3 m m.,mmm i
rapid growth, presumably in the lake, A fow fish had either _ 3, m .m&m
one or three years of apparently stream growth hefore entering 2 u_mm B e B (g > 5 8 5 E mm ]
the lake. The most rapid increase in length of the salmon occurs i .m e .,w - e .m B m.am
during the third and fourth years, or the first two years in the i 2% .m > 48
lake. The III-fish averaged 9.1 inches; the IV-fish averaged 15.2 331 w.mm.m _
inches; and the V-fish, 17.8 inches. The increase in weight of | S 7 B 2gt m .
our salmon wag approximately one pound Per year, starting with §& 3233 w m m m mum ..mm mm _
fish in their third summer; so that the VI and VII-fish were A5~ am > .ﬂm 3 wmtmmm _
about 3 to 814 pounds. We have data on the growth of salmon 54 = ..m " _ 5= mmm !
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TABLE XVII. Longths, weight and age of game fishes— Continued

fea i Aversge and in lengths snd welght Ratlo
Is:%ﬁol' nﬁm& Nm:im ~ Eedy or m"T Eal ‘F:iuu mul:: wmﬂ? m# of
collestion including 1944 fish standzrd length Ie:q;rh in 1.’nct|1alae|h’E
(1944} L. in inches In inches ounees
pletad year
I Bl 9.8 B0 25 to Z6 T'wo mature, 48 immature,
" (T.2-10.8) (8.1-11.7) (8.4-10.4) >
Juna 27- v 22 10.6 12.0 11.0 E to 14 Baven mature, othera
Fi (B.5-12.4) {8.8-14.0) (6.1-16.2) meatly immatare,
v 14 124 14.2 18,8 Eleven mature, three immature,
(10,8-14.%) (12.4-16.1) (11.0-86.8)
Vi 4 J 17.0 18.5 4T.8 All mature,
{14.2-19.6) (16.5-22.1) (25.6-T0.0)
3 18.7 20.8 B4 A to0 All matara,
- b {17.0-50.5) (17.8-58.5) {42.3-85.0)
Brook Trout II 1 7.8 a8 8.7 0t 1l Immature,
Aug. 1- IIr 2 B0 8.2 4.8 1t l Both immatura,
ﬁ'em 1 (T.2-RT) {A.4-10.0) {B.5-6.8) ?
v g 10.8 123 155 2 to 4 Five mature, one not.
£10.1-12.0) (11.4-18.5) (10.4-18.8)
v 11 127 14.5 212 BinB Seven muture, four Immature,
(12161} {12.7-17.4) {12.4-80.1)
¥I ¢ 4 171 18.5 49.5 Jftal All mature,
(16.2-13.7) [18.7-20.9) (44.2-61.0)
VIL 3 I7.8 204 A5.1 2tol All matare,
{17.3-18.3) (20,0-20.9) (51.8-561.8)
B or I 10 8.2 BT 4.4 4 to B All immature,
ke Trout (7.7-8.7) (5.1-10.2) {8.7-5.2)
June B0-29 Iy T 2.3 11,1 6.8 48 All immature,
{8 8-10.5% (10.0-12.7) (4.7-9.5)
v All immatara,

and Erowing Number %3 of Maturity f, and
Data of peawans, of or Total Weight | males to growth histaryt of
collectinn Inctuding 1944 fish e | length length * almon
{1844) an snn‘um- in inchea inlnE:h- w}znm Ty 8
pleted yanr
ue or I 16 5.5 16.8 i
it (11.515.9) (18.518.9) (10.3.58.0) TR | T ietics; 99 maters,
June 20-29 VIiL 18 16.8 18.5 346 ;
(12.8-18.8) (15.4-21.4) [16.4-68.0) THE | Ma S Bt e five
[Con 1 VIII 16 182 af e 55.9 = =
El (16.5-21.6) (18.4-25.1) (89.4-102.3) i ;
I P 199 2.8 6.3 '
(17.9-24.6) (20.5:28.1) (50.0-19.5) bl e
X z 2.0 26.4 9.2 matir
{19.8-24.1) (28 3-27.6) {70.8-112.0) X m_ i P i "
I 1 8.1 26.7 188.0 1ta0 Fish mature.
;‘l X1 i 26.2 29.8 208.0 1ta 0 Fish mature,
Tﬂﬂi‘mt oI 1 12.3 14.8 14.0 1ta @ Fiuh immature,
w 2 ild 18.5 Both
July 6-28 (10,1-12.5) {12.2-14.8) e s A Iteatves.
v 14 12.8 14.5 15.0 T
- {1L.0-14.0) (12.9-16.4) (10.2-21.3) e b
Vi 16 18.9 16.3 223 2 aturs,
(12.0-18.7} (18.5-21.7) {18.9-58.0) i Thni?.g;hﬂmnm? i
VII 12 15.2 178 23,2 Thres fish imma
(12.6-18,8) (16.1-20.2) (16.7-48.8) el mmﬂﬂurwmf:'m
VI [ 18.4 2.4 ]
(16.7-19.8) {14.5-23,0) m.ﬁ:&m i - F—any
X B 18,5 317 56.8
(17.8-20.5) (20,0-23.8) (44.5-74.0) Wk =
x 10.9 22.3 RO 0k 1 Fish mature.
XII 28,5 33.0 2608
(26.8-20.2) {81.2-54.9) (187.5-232.0) TRE | Bealekaphin,




TABLE EVIL. Yengths, weight ani age of game fshes—Continued

Bpeclea i Average and lengths and weight Ratio
and ﬁm Numbar e - o of Maturityf, and
ﬁ:ﬁﬂ mufm IEI& or th?;‘]ﬁ Wltl:h malas to ::mwt]:“h Lory i of
(1944} & m Eﬂmr in inches in inchea ounces
year
Tmm‘ I 2 .5 8.9 4.1 2t Both immnture,
Trout {7.5-8.2) (7T.5-9.8) [3.6-4.6)
. 18- IV 4 8.0 8.6 4.8 3 tol All frmmature.
X & (7.2-0.3) (8. 7-10.9) (3.7-6.5)
v ] 120 143 18.9 i to 6 All immatura,
(10.9-13.2) (12.8-15.8) (10.1-17.7)
VI 11 157 16.1 20.4 4t b All immature except one,
(11.5-16.9) {14.2-19.8) {18.8-37.4)
WII ] 16.2 15,1 4.8 21fo8 Five fish ma thren
-3 {12.2-18.9) (14.5-Z2.2) (18.9-54.8) farnales §
= VIII k] 17.8 20.6 464 2wT All mature,
(16.5-20.2) (1B.8-23.2) (L T-B5.7)
I 4 185 22.0 - 603 1lio3 All mature,
(16.7-£1.8) {19.7-24.8) (84.1-80,0)
X a T P s
: X1 1 234 26.8 1430 1t @ Fish matura.
XIT . 1 BRT aT2 IRT.0 1ta 0 Fiah mature,

Mensmi IV 16 B2 1.3 50 Tto B Mot fiah § sture, the largest
Whitefiah (3.1-8.1) (8.5-11.2) (4.06.5) £l om 5 TERTITS THEAL.
(Frosopiam)

v B - BB 11.0 8.5 5 to 0 i atur
Juse 20 (8.4-10.6) {er122) (4.1-B.8) AR faiaiy.
¥
VI 12 2.9 115 7.3 6 to 6 Five ture, seven immature.
(8.2-11.5) (9.5-18.2) (3.5-10.9) -
Vi 7 10.5 122 82 5 to2 Al matare,
{8.5-12.8) (11.0-14.8) (5.8-12.8)

Bpeciem Age in Average end range in lengthe and weight
Date af i o ] Total W. = = mxl?h - "id
Llalil Or r
collaction | ineluding 1048 |  fish n Toratoa® i
(1944) BE i eOm- in inchea In inches oumCEs
yoar -
Menomines VIII 2 10.6 12,0 70 2toD Both fish mature,
Whitefish {10.4-10,5) {1R0-12.1) (T.8-7.9%
June - IX B 1228 14.0 129 3t 2 All figh matare,
July 27 {11,5-13.0) {18.0-15.0) {5.6-16.8)
x 2 124 14.2 16.1 2 o0 Baoth fish matara,
{Concluded) {12.0-12.8) (18.8-14.5) (1k.0-18.0) ; I
T3 X1 2 14.8 169 210 0o 2 Both sl mature,
(12.3-14.0) (16.9-16.1) (20.6-21.4) i
=
Muopominae v B 8.8 10.0 4.4 1to 4 Al imrnntare,
wmmm {B.4-B.1) (9.8-10.4) (4.8-5.8) ;
v 4 5.1 10,8 5.2 1te3 Two mature, two immatuere,
Aug. lb: " (8.7-8.7 (10.1-11.8) (44-6.0)
VII 2 1.1 128 108 Z2too Both mature,
(10.6-11.T) (12.2-13.8) {9.2-12.3)
VIII 1 112 13.0 8.2 1too Fish mature.
IX 1 13.6 157 168.8 O to 1 Fish mature,
X 1 14.0 15.8 211 0 a1 Fizsh mature.
] VIII 1 3 g
C 13, 16.4 1.1 | 1Ltoo Fish matore.
{Coregonus} Ix 0 i
July 11- X 1 14.1 & 5 )
Aug. 22 1 Lid 28,5 0tal Fizh mature.
X1 1 14.0 16.3 25.0 Otol Figh matura,
X 2 14,3 17.1 24.0 0to2 Both figh mature,
(12.8-15.9) (15.2-15.0) 2)
X111 2 14.1 16.9 25T ltol Both fish mature.
(13.5-14.7) (16.8-17.5) (22.3-20.0) i :
IV 1 1d.0 168 26.5 0tal Fiah mature
XV 1 14.0 16.5 21.0 0to 1 Fish matare,




in the Rangeleys and other Maine lakes (Cooper, 1940) for com-

the fifth-summer fish were mature. Among the fourth-summer
fish, about half were judged to be immature, and these were
mostly the smaller individuals of the age group.

The 191 Togue or Lake Trout represented age groups III to
XII, the oldest fish being in their twelfth summer of life. Age
groups V to VIII had a large number of fish as compared to
ups Il and IV. The fact of fewer fish in group Il may have
ulted from size selectivity of the nets, for the age-length
growth curve for the togue suggests that the ITI-fish were larger,

- £l parison with these Moosehead fish. The comparison is favor-
3 __ H |8 = able to the Moosehead fish. The 7 VI-year salmon from Moose-
L head averaged about a half pound heavier than VI-fish from the
. Rangeleys.
Y T B
E * i E _ The 5 salmon in their third summer, and 13 of the 14 salmon
2 in their fourth, were all found to be immature; their reproduc-
mm _ 513 21 tive organs were so small as to indieate that they would not have
£z ; ™ o spawned in the fall of 1944. All except one of the V-fish, and
wm all older fish were maturing to spawn in the fall. In other words
nm zls et b ; e salmon were reaching maturity first during their fifth
= 4 a7 i e year, judging from the condition of their sex organs at the time
m.m of capture. The presence of apparent spawning marks on the
4% EE e scales indicated that some of these fish probably had spawned in
=0 ) HE S B previous falls at the end of their third or fourth growing sea-
wm 3 sons. But observation on the condition of the reproductive or-
% g 2|=1xl2ls (5|3 during late summer or early fall is a better criterion for
.mw m SEILIEIEI LRIt ermining age at maturity than is the appearance of spawn-
m m r marks on the scales, because of the possibility of misinter-
mm » TR FEELE eting scale wear and the possibility that spawning may oceur
2z || £ P ®|F|5(F|B|%]5 without an accompanying scale erosion. It is concluded from our
mm [ m data that most salmon in Moosehead spawn first in their fifth
i m SESHARNE | vear, while a few spawn first in their fourth year.
3 == R S Rl Rl I
.mw _The 120 Brook Trout included fish in age groups IT to VII. The
wm , e single fish of the Il-group obviously was one of the larger repre-
__ = 252281353 sentatives of its age group. Age groups III to VII were well
m_m represented in the collections, especially groups III and IV. The
14 increase in average lengths for these groups was quite uniform
Mm . - ala|s| 3|22 from 9.3 inches for the II-fish to 20.7 inches for the VII-fish.
= The largest Brook Trout in our collections weighed 5 pounds,
mm _ 5 ounces, and several others were from 3 to 5 pounds each. These
.mm _ b = & larger fish were in their sixth or seventh summer of life. Most
.mm of the third-summer Brook Trout were immature; and most of
a5
i
i
:
%

Lend-ocked Salmon .|, , ,,
Tegue or Lake Trount
Menomines Whitefiuh, |, , .,
Land-locked Balmon
Brook Trout.

F.g Brook Trout

TABLE XVIIT, Av
Togue or Lake Trout
Mencmines Whiteflsh

3
L
i
0

Eg

8
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[
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as compared to the IV-fish, than would be expected. The facth fo%ue. There is a reasonable explanation for the larger size of

of fewer fish in the IV-group, as compared to groups V to VIIL the togue in [the results of our study on the feeding habits of
might well represent a low point in the abundanece of Togue of ..Mrwmm mﬂﬂﬁﬂ_ﬁm (see page 66). The _M_.mm L_“....E__“m. were mou:%n to
this age group. The figures on average lengths of Togue reveall 1© : mnmuﬁm.pﬂﬁm ¥ on large m_wﬁ_mmu? and our netting records re-
a very uniform rate of increase from 11.0 inches for the IV-group) '&2 : hat suckers were by far the most abundant ‘type cm
to 80.8 inches for the XIT-group. The growth in weight repre- _E.me nmmmm fish in the lake. We assume that large-sized fis

sented a steady increase with age: the IV- to VI-fish were add-j need a Eﬁéumm forage fish in caﬁ__ to maintain a rapid
“ing approximately half a pound a year; the VII- to IX-fish, af BroWih or to reach a very large size. The togue in Moosehead
pound a year; and the X- to XII-fish, three pounds a year. OQurf 1Ves long enough, after becoming large enough to feed on the
heaviest Togue, weighing 14 pounds, 8 ounces was 34.9 inches| Suckers, to utilize the large suckers for several years of rapid
i : growth. Furthermore, the togue is most abundant on the bot-

long and was in its twelfth summer. Fishermen on Mooseheadf ; L L
: Gl ds.d tom of the lake in the same hahitat with the suckers. Trout and
oake ocoasionally catch Togus weightng up o 20 to 28 younds salmon do not feed extensively on the suckers, or on any other

At the rate of increase in growth of fish in our collections, i 3 ; ¥ -
would take only a few additional years for a Togue to reach thef 1at#e-sized forage fish in Moosehead, either because they are not

: J in the same habitat with the suckers, or because they never

- ot b luded tha 2 ; . 7 o
; mmmw“ﬁwwh_ﬁw.m Mmﬂﬁﬂﬁmﬂﬂﬁﬁnﬁmw ?Msnﬁw?m years. wp 1 & sufficient size, during their shorter life span, to utilize
For one of our larger fish (9 lbs., 151 ozs.) was in its ninth the suckers extensively.
summer, and, at the prevailing rate of growth for Togue of itsh
size, it could have approached the 20-pound mark by its ﬂﬁmﬁs__

year.

Almost all of the third-summer, fourth-summer, and fifth-
summer Togue were found to be immature, ag well as the smaller
individuals among the sixth-summer fish. The few larges
VIHfish, and most of the older ones, were maturing to spawn.
Most Togue in Moosehead Lake, then, first reach maturity when
they are six or seven years old.

The age at sexual maturity of the salmonids in our collections
‘may be summarily stated as follows: most Brook Trout mature
: in their fourth or fifth years of life; most Land-locked Sal-
on in their fifth year; and most Togue, in their sixth or seventh
8. There is a significant relationship between these ages
‘at first maturity and the length of life span of the species, In
our scale studies on salmonids in Moosehead Lake, and in other
lakes in Maine (Cooper, 1940), we have found the maximum age
Brook Trout to be about seven years, that of Land-locked
on to be about nine years, and that of Togue about twelve
. In other words the Brook Trout with the shortest life
matures at the earliest age, while the Togue with the long-
life span matures at the latest age, The sizes at first ma-
urity of salmonids in Moosehead Lake can be given as approxi-
mate figures: 15 to 17 inches or 2 pounds for salmon, 11 to 12
inches or one pound for trout, and 15 to 17 inches or 13} pounds
tor togue. Among all three salmonids it was observed to be
generally true that, within an age group containing both mature
and immature fish, the mature fish were the larger individuals.

‘The Moosehead salmonids were distributed according to sex as
follows: the salmon included 11 males and 21 females; the trout,
males to 63 females; and the togue, 110 males to 79 females

sexes of 2 salmon and 2 togue were not determined). The
rrant ratios for salmon and togue might he due to some ge-

ve factor in the collecting. That there might have been a

A comparison of rate of growth of the three species of sal
monids in Moosehead Lake, from the available data (Tabl
XVIIT), indicates that the three species are of approximate
the same average length during their third summer of life., Sal
mon in their fourth and fifth summers had exceeded trout and
togue by about three inches in length and a pound in weight,
The trout increased in size less rapidly during the fourth and
fifth years, and more rapidly during the sixth and seventh vears
to be about egual to the salmon in length and weight by thel
seventh summer. The increase in size of togue aImnong age
groups IIT to VII was slower than of either salmon or trout
resulting in seventh-summer togue about 2 to 8 inches smalles
and about 114 pounds lighter, than salmon or trout. Beyong
the seventh year, the increase in size of togue was more rapid
but the fact that togue in Moosehead live much longer than d
trout or salmon is the explanation for the larger size of the

76 Gy




seasonal selective factor is indicated by the data for togue. The
togue collected in June included 52 males and 29 females; for
July, 39 males and 23 females; but for August 1 to September 6,
there were 19 males and 27 females.

Some records and scale samples of Land-locked Salmon and
Brook Trout collected from Moosehead Lake during former years
have fortunately become available. These records were obtained
from Wilson’s Camp at West Outlet on the lake. At this camp,
a record book has been maintained since 1884, in which fisher-|
men have recorded some of their larger fish. These records
have included outline tracings of individual fish, together with
notes on species, date of capture, length, and weight. From a
few of these fish, scales had obviously become stuck to the pape :
at the time the fish outlines were traced, and these scales were
obtained along with their corresponding records. Age deter-
minations have been made on those fish for which normal scales
(not regenerated ones) were obtained. We recognized only twof
instances of obvious scale sample contamination, and we believe
that there are few if any errors remaining in the records used
here, which errors might have resulted from scales not repre:
senting the correct fish. These age and growth records, for 16
Land-locked Salmon and 15 Brook Trout (Table XIX), repre-
sent a selected group of the larger fish taken by fishermen ove
a period of about 40 years. This fact of a selected sample should
be given consideration in any conclusions drawn from the records,
The records indicate for salmon a maximum weight of about 6 o
8 pounds and a maximum age of about 9 years (the 2 VIII-fish
were beginning their ninth summer). Wilson’s record book
cited one salmon of 9 lbs., 8 ozs., but no scales were obtained
for this fish. The maximum weight among the trout was 5 Ihsy]
4 ozs., with most of the fish between 4 and 5 pounds. A few
6-pound trout were cited in Wilson’s record book, but no scales
from them were obtained. The maximum age among the trouf
was about 7 years, for most of the VII-fish were at the end of
their seventh summer; but one trout, 21 inches long, was ap
parently beginning its eighth summer. Among these fish from
Wilson’s records, IV- to VIII-year salmon weighed four to eight
pounds; and V- to VII-year trout weighed three to five pounds,
In comparison, among salmonids collected during 1944 by it
present Survey, the IV- to VII-year salmon averaged 114 to 3 o
pounds, and the V- to VII-year trout averaged 114 to 314 pound:

But if only the few largest fish collected by the survey are se
lected for the comparison (which would be comparable to the

T8

Growth histaryt and remarks
E-IT; carly summer figh, slight growth in Bth summer.

1-IY plus small growth in summer of 1907,

2-IT13-1 plus emall growth in 1908,

2-IVE-I plus no growth in 1916,
E-IV plus about 34 = senon’s growth for 1920,

1-118 plus avme growth in sommer eollected.
S-TII5-1 pius & very small growth in 1518,
2-1¥ plus small growth for 1924,

2-IV plus no growth in 1918,
2-I1T plus some growth in spring of 1910,

2-III5-T5-T plus some growth in 1920,
2-1T plus small growth in 1923,

2-¥1 plus small growth in 1923,
2-IV2-I plus no growth in 1929,

3-I-34; scalo shown 434 growing sensons,
A-IVE-I plus no growth in 1922,

v

iy
VI

v

Y1

Age in growing
BCR30nH

i T p—

L ——

Weight

b 1ba., & oz,
6 Tha., 4 ozs
G Ibs., & oza,

5 ths,

 Iha,, 4 ozs,

8 Iba., B oza,

B Iba., 4 ome.

4 Iha,, 12 oza,
€ Iba,, & azm,

T lba, 12 oza.
6 [ba., 12 oz,
4 Iha., B oza,

6 lbs.

8 lba.

6 b,

-

e e T

inches
LL

of flal

PV
2834
2555 "
26
22
24
2T -
28
24
2215
24
25

21

Total length

canught
by fisherman

Immhhmmmmmmthﬂmmwmsm-nammnnmmmmmm

during former years.

July 2, 1807
June §, 1908
May &, 19156
Probably 1817
Muy B, 1918
June 8, 1918
May 26, 1915
Fane 27, 1920
May 14, 1582
June T, 1523
June 14, 1923
Aung. B4, 1983
Juns 1%, 1936
Muy 26, 1920

About 1ROT
About 1905
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These were some of thé larger fish caught by fishermen over s period of forty years.
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The data on lengths and weighis, and the feh scales on which the age determinations have been made, were obtained from the Fish Tecord
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selectivity represented by Wilson’s records), then, among the
survey fish, the VI- to VII-year salmon were 314 to 414 pounds
in weight, and the VI- to VII-year trout were over 4 to 5 pounds
in weight. On this latter basis, the comparison would indicate
that the growth of salmon, at the present time, is somewhat
slower than it has been over the past 50 years on the average,
With Brook Trout, on the other hand, the present rate of growth
is about the same as in these former years.

The 64 Menominee Whitefish (Prosopium) represented age

- groups IV to XI. The youngest fish (in their fourth summer)

averaged 10.2 inches long and 4.8 ounces in weight, and our
figures represent a fairly steady rate of increase in average
length and weight to 15.9 inches and 21.0 ounces for the eleventh-

- summer fish. The rate of growth of this whitefigsh in Moosehead

is very slow as compared to that of the salmonids. Most indi-

viduals in their fourth and fifth years, and about half of the
- VI-fish, were immature,

while all fish older than six years were
mature, :

Our few (9) specimens of the Common Whitefish (Coregonus)

‘were from 15 to 19 inches long, 21 to 34 ounces in weight, and
represented age groups VIII to XV. All of these fish were ma-
ture. The complete absence of any younger and smaller Com-
‘mon Whitefishes in our collections, especially in view of the

many smaller Menominee Whitefish which were taken, suggests

‘that the abundance of age groups of Common Whitefish may
run in cycles.
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TRIBUTARIES OF MOOSEHEAD LAKE

The tributaries of Moosehead Lake include two rivers, about
twenty moderate to large brooks, and a considerable number of
small streams with small or intermittent flow. Most of the
larger streams were visited during the hot dry period of July
and August, since this is the most eritical time of year for young
trout and salmon. The tributaries which were accessible by
road were studied at the road crossings. Others were entered
by canoe, and followed as far as possible, This difference in
method is reflected in the survey results. The lower reaches
of the streams have a slower current, afford less cover, and may
be warmer. During the summer months trout are less abundant
than minnows and suckers in this type of habitat. Beaver favor
such streams for their activities, and were commonly found on
the canoce trips.

The tributaries of the lake are closed to all fishing on the
grounds that they serve as feeder streams to the lake. The
known congregation of trout and salmon in the streams for
spawning, and the absence of small trout and salmon in the sein-
ing collections in the lake, support this belief. In recent years
salmon have been transported from the hatcheries to the lake
by plane. Care has been taken by the pilots to liberate such fish
near the mouths of streams, so that they might leave the lake
readily and escape predatory fishes. It is perhaps unexpected
that so few trout and salmon were collected from the streams
(see page 50). Some of the brooks appear unsuitable for these
fish during the hot summer months, while others were very dif-
ficult for seining operations. The writers place more reliance
on the observed physical characters of the stream, than on the
absence of salmon and trout in the seining collections, though
the presence of such fish in the collections is the most positive
indication of suitable conditions in that particular tributary.

Moose River., Seining collections at the mouth of the river in-
cluded a considerable number of young salmon. No temperature
readings were taken on the river. :

Baker Brook. Lower 8% mile examined. Discharge 62800 g.p.m.
(gallons per minute). Riffles and pools begin 84 mile from lake.
Temperatures: water 70° F.: air 83° F. 1:00 P. M. July 14,
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mcﬂm_. good. Food grade II. Beaver dam obstructs stream.
Large spawning areas. Fair trout water.

Tomhegan Stream. (1) Lower mile examined. Discharge
13,500 g.pm. Riffles begin one mile from lake. Temperatures:
water 63° F.; air 80° F. 4:00 P. M. July 14. Food grade IIL
Beaver active. Good spawning grounds in second 14 mile. Good
trout water in this section. Flows into main outlet of Tomhegan
Pond. :

(2) At road crossing just below Tomhegan Pond. Pools fair.
Temperatures: water 73° F.; air 77° F. 5:30 P. M. Aug. 15.

(3) One-half mile below Tomhegan Pond. Temperatures:
water 79° F.; air 84° F. Little flow. Not good salmon or trout
water in this seetion.

Socatean Stream. At crossing of Rockwood-Seboomook road.
Discharge 750 g.p.m. Pools good. Temperatures: water 64°
F.; air 83° F. 4:00 P. M. Aug. 16. Cover good. Food grade II.
Many trout seined. An excellent trout stream. Used for pulp
drive,

Moose Brook. Examined 800 yards shove mouth of stream.
No flow. Temperatures: water 77° F.; air 78° F. 32:00 P. M.
Aug. 8. Unsuitable for trout or salmon. .

Williams Stream. Lower one-half mile examined. Flow 375
g:p.m. Cover and food poor except near lake., Temperatures:
water 65° F.; air 75° F. 1:156 P. M. Aug. 9. Beaver active.
Trout reported to spawn on gravel bed 800 yards from mouth of
stream,. '

Noreross Brook. Lower 14 mile examined. Flow 600 g.p.m.
Pools and food fair. Many minnows. Temperatures: water 66°
F.; air 79° F. 11:00 A. M. Aug. 9. Trout reported to spawn on
gravel bed near mouth. Appears suitable for trout.

Duck Pond Brook. Examined at trail erossing about 14 mile
below pond. Discharge 900 g.p.m. Food scanty. Temperatures:
water 80° F.; air 81° F. Trout seen, but not caught. Appears
too warm for good trout water,

Lucky Brook. Examined from mouth of brook up to Lucky
Pond. Discharge 3000 g.p.m. Food good. Cover scant. Tem-
peratures: water 75° F.; air 61° F. 2:15 P. M. July 17. Beaver
have patched up old dam at foot of pond. No suitable spawning -
grounds. Too warm for good trout water.
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Spencer Stream. Lower 3§ mile of stream examined. Dis-
charge 23,000 g.pm. Food fair to good. Temperatures: water
75° F.; air 74° F. 2:15 P. M. July 18. Fallfish redds in lower
section. Should be suitable spawning ground for trout, but too
warm to carry fish through summer, .

Roach River. Examined on township line between T. 1, R 14
and T. 1, R. 13. Discharge 81,500 g.p.m. Temperatures: water
75° F., air 77° F. 11:30 A. M. Aug. 9. Reported to be impor-
tant salmon spawning stream. Warm for trout during midsum-
mer,

North Brook. Examined at mouth of stream. Discharge 1000
g.p.m. Temperatures: water 60° F.; air 74° F. 1:00 P. M. Aug,
9. Fish hatchery on upper waters of stream. Good trout water.

Tussle Brook. Examined on line between Lily Bay township
and T. A2, R. 13 & 14. Dried to pools. August 9.

South Brook. Examined at bridge on Greenville-Kokadjo road.
Discharge 1200 g.p.m. Temperatures: water §9° F.; air 76° F.
1:30 P. M. Aug. 9. Cover and pools good. Fair trout water, but
heavy competition from suckers and fallfish.

Mud Pond Brook. FExamined above bridge on Greenville-
Kokadjo road. Practically no current. Temperatures: water
T4° F.; air 79° F. 2:30 P. M. Aug. 9. Unsuitable for trout.

Beaver Brook. Examined at bridge on Greenville-Kokadjo road.
Discharge 450 g.p.m. Temperatures: water T7° F.; air 84° F.
3:00 P. M. Aug. 9. Too warm for trout.

West Cove Brook. Examined one mile above Greenville June-
tion at union with tributary. Discharge 900 g.p.m. Tempera-
tures: water 81° F.; air 79° F. 4:30 P. M. Aug. 9. Trout seined,
but only fair trout water.

Big Squaw Brook. Not studied, but is site of fish hatchery and
well adapted to trout and salmon. Trout and salmon spawn in
this stream according to hatchery superintendent. :

Of the streams surveyed: Socatean, Tomhegan, Norcross,
North, Big Squaw, Williams, and Baker appear to provide the
best trout water; although some trout undoubtedly live in the
other streams during at least part of the year. The present
policy of closing these streams to fishing is probably justified.
To maintain these streams at their greatest productivity it is
recommended that beaver control be intensified on these streams.
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There are many streams where beaver can multiply without dam-
aging fishing to any appreciable extent. The economies of the
situation indicates that beaver should not be allowed to damage
the not too extensive natural rearing grounds for small trout,
The use of streams for log drives damages them for fish, because
of the necessary clearing away of cover such as rocks and logs.
While such uges cannot be prevented, steps should be taken to
repair the damage whenever possible.

The spawning grounds of the salmon are a disputed question.
The survey party failed to capture young salmon from any
stream. Many guides stated that salmon entered only Moose
River and Roach River. The opinion of Mr. A, O. Boldue, hatch-
ery superintendent at Squaw Brook, was that they entered all
large streams such as Tomhegan and Socatean. It would be
worth while to study the tributaries throughout an entire sea-
801, to properly evaluate them as feeders to the lake.
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SUMMARY OF WARDEN CENSUS REPORTS

For a number of years all wardens of the Department of In-
land Fisheries and Game have filed reports on the number of
fishermen checked each month, and the numbers of each species
of fish found in their possession. No record is kept of the source
of the fish, nor of their size. Moosehead Lake is divided for
administrative purposes between two warden districts. Distriet
75 includes the portion of the lake south of a line running from
East Outlet to Ronco Cove. This district was No. 80 previous
to 1941, District 86 (formerly 85) covers the remainder of the
lake. Fish checked in these two districts have not necessarily
been taken from Moosehead Lake, but it is believed that the
great majority of salmon and togue were caught there. The
figures for Brook Trout are so high for certain months that it
is almost certain that many of thiz species came from small
ponds in the vicinity or were checked on fishermen coming out
of the wilderness country to the north. Since the tributaries
of Moosehead Lake are closed to fishing, few trout in this avea
are taken outside of the lakes and ponds.

The records summarized below cover the period from 1935 to
1944, although no data was available for 1942 and the early part
of 1943. The monthly averages given in the summary table are
based upon reports for each month of from 3 to 8 vears. For
most months seven annual reports were averaged to obtain the
final figures. Within the period covered by these reports the
two wardens checked 14,895 fishermen. Game fish possessed by
these fishermen added up to 6,577 salmon, 14,895 Brook Trout
and 9,748 Togue,

It must be admitted that the census data are too erude to
show anything other than major changes. The wardens prob-
ably check a random sample of fishermen, but some are checked
as they start out with no fish, while others are checked as they
return with their total catch. Sportsmen checked on the lake
may be just starting or on their way home. Pogsibly it would
be fair to estimate that on the average each man had completed
half his fishing. Thus the figures for fish per fisherman should
be multiplied by two to give a fairer estimate of the average
catch., At times a warden devotes most of his time to enforce-
ment work, while at others he is occupied by management _.Eﬂmm

BB

- or special work. In June, 1941, an especially intensive check
was made on fishermen leaving after the Memorial Day week-
- end. In this month 1284 sportsmen were checked. The average
of fish per fisherman was very high, since so many had complete
catches. In fact the average for this one month was slightly
- over twice the average for all Junes. This tends to substantiate
the argument above that the number of fish should be multiplied
by two to give more accurate figures on total cateh. With reser-
- vations in mind concerning the precision of our data, we may
- 1ow turn to the evidence concerning the questions stated below.

(1) What are the relative numbers of the three game species
taken and is this in proportion to their relative abundance as
 deduced from our net collections ?

If we add together all fish we can ealeulate that out of every
- one hundred fish caught there were 48 Brook Trout, 21 Togue
- and 21 salmon. Based on our gill net collections, with corree-
tion for the preponderance of bottom zets, each one hundred
salmonids in the lake would include approximately 85 Brook
Trout, 85 Togue and 30 salmon. Since many of the Brook Trout
reported by the wardens came from other waters, the agreement
. between these two sets of figures is as good as might be expected.
If we assume that equal fishing effort has gone into the attempts
- to catch each species, it is probable that Brook Trout slichtly
- oytnumber Togue, and that salmon are measurably less abun-
‘dant than the other two species. The present situation may be
& balance with no advantage to any one species,

(2) How does the yield of fish vary seasonally during any
- one year, and how does it change from year to year?

- Because of variations in the amount of time which the War-
- dens devote to inspecting fishermen, the total numbers of fish
- reported would be of no value in answering this question. The
ber of fish per fisherman might be expected to show sea-

differences if such exist. The total ecatch of each of the
e species was totaled for each month over the census period.
m these figures the average monthly values for fish per fisher-

(F/Fm) were caleulated for the months from February to
tember. These figures are summarized in Table XX, and
wn graphically as the heavy lines in Figure 8. Three figures
- were not used in making up these averages; one because it was




TABLE XX. A summary of Warden Consus Reporis from Mooschead Lake area for the yenrs 1935-1944
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In the case of Brook Trout (Fig. 8, a and b) the figures show
that few Brook Trout are taken through the ice in February and
March. The catch rises during the months of April, May, June
and July. The sharp peak in the northern seetion during July
and August is attributed to fishing in ponds rather than in
Moosehead Lake, A glance at the points on the graph from

STOCKING RECORDS FOR MOOSEHEAD LAKE AND
TRIBUTARIES, 1867-1943

These records of game fishes stocked in Moosehead Lake were
obtained from the reports of the Commissioners of Inland Fish-
eries and Game starting with the first report (for 1867). For
- the past ten years the Department’s fish planting records have
~ been given in detail in the form of a mimeographed, annual re-

 port. i |

There were two main difficulties to assembling a complete
- record. Some of the Commissioner’s reports were not available,
- particularly for the period during the 1920’s. Also, although
~ in many cases there was a Commissioner's Report for a particu-
. lar year, very often these reports eontained no record of where
~ or when fish were planted, or of the species planted. All of the

The records for Togue (Fig. 8 ¢ and d) are much more con- Commisgioners’ Reports that were examined are listed in the
sistent. If we eliminate two figures which represent special cen- i following account.

does not necessarily coincide at all with the graph of the aver-
ages. Certain years, for example 1938 in Fig. 8 a, are consist-
ently below the average. Other years such as 1936 in the same
figure are consistently above average. It is unsafe to draw
definite conclusions from this data, however, especially since the
southern portion of the lake (Fig. 8 b) shows 1938 as a high
year, and 1936 as a low year. It may he safely asserted that
trout fishing varies widely both seasonally and annually, with
no definite trend apparent,

. The three principal species of game fishes stocked in the waters
~ of Moosehead Lake (or in waters having access to the lake) are:

1. The Brook or Squaretail Trout (Salvelinus f. fontinalis)
2. The Togue or Lake Trout (Cristivomer n. namayeush)
8. The Land-locked Salmon (Salmo salar sebago)

. The heaviest plantings of the three over this period of years
. has undoubtedly been composed of the Brook Trout. The sal-
- mon runs a fairly close seeond, with the Togue third in impor-
. tance in stocking. So far as ean be told from the records, the
~ only other species of game fish planted in the Moosehead area was
~ the Chinook Salmon (Oncorhyncus tshawytscha) introduced into
- Moosehead Lake in 1897 and into Second Roach Pond in 1987-38.
. However, we had a verbal report that Rainbow Trout were
- planted in the lake about 1918, and there may have been plant-
- ings of other species in the lake or its tributaries, which are not
- recorded.

- F/Fm from a high during the ice fishing season to a low in
August and September. The April rise shown in Fig. 8 d is based
upon a small number of fishermen. It may indieate that jce
fishing is practiced more in the northern section during April.

The salmon figures are depicted in Fig. 8 e and f. An insigni-
ficant number are taken through the ice. The number (F/Fm)
rises sharply in May, falls off in late summer, and shows a slight
or sometimes marked rise in September. The spread of points
is greater than that for togue, but less than that for trout. This
agrees with the fishermen’s observation that there are good and
bad salmon years. According to the census reports, 1939 and
1938 were slightly above average, while 1935 and 1936 were be-
low. The more recent records fall cloge to the average.

We may summarize these data by saying that they agree fairly
~ well with the results of the survey. No definite trend in the
type of fishing is evident over the ten year period, but there are
wide annual fluctuations in the eatch of fish. These are so grea
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" Stoeking Records by Year. 1867-1943.

Reports of Commissioner of Fisheries (State of Maine) for the 1867, 1868,
1869, 1870, 1871, (not 1872, 1873, 1874), 1875, (not 1870), 1877, 1878, 1879, 180,
1888,

" Tune 17, 1910 Squaw Brook 80,000 Trout Ad. fry
|- —. & 0 T . us 48 Eﬂi E

Report for 1911 not seen

1881, 1882, 1883, 1884, (not 1885), 1886, (not 1E&T), 1889-90, 1891-92, (not . . Report for 1912
E.?ﬁﬁ.ﬁu were examined. No records of fish stocking in Mocsehead or its - y Date Plaee Tounship Number Species Size
w : X . June 12,1912 Roach River  Kokadjo 10,000  Trout
Report for 1805 E. =i ”" mnwﬁi_. _wum___uw .m__mﬂ mnm__wﬂ u.m__n. 10,500 Ae A
Trout, no number or date, Mossehead Lake. - Oct. wm, G P m.m_ﬁ Salmon s
Report for 1896 g W - 3,000
Moosehead Lake stocked with S-months-old Land-locked Salman {number Report for 1913
Ok gten) duchy; Qevoer. 1196, B Miy 1913 Moosehead Lake 200,000 Trout -
Repart for 1807 by ! Wanuw —m, 1913 mnwﬂ_”-ﬂ.% wﬂhﬂﬂmw “—w—.ﬁ E:
Chinook Salmon, no number, Moosehead Lalke, - Oct. 6, “  Roac g ' R
Trout, no number, Moosehead Lake. Oct. 1913  Moosehead Lake 5,000 !
Report for 1898 } Report for 1914 _
. " Jume 9,1914 NorthBrook  Lily Bay 5000  Trout
e cords e yeur. R il o A 15000
Eﬁﬁh.ﬂuﬂ 1560 TRT] a ﬁﬁ—u m—.ﬂ.uwﬂﬂn_# " J_.-_Hﬂ wmqg 0.
- 41 [} i g ‘ .H.mﬂ-ﬂu 1 £ ot
SRR £ yher- “ 42, “  Masterman Cove Moosehead Lake 15,000
Report for 1902 “o ® Moosehead Lake Rockwood 5,000 .
Squaw Brook, Big Squaw Mt. Twp. 257,000 trout %Pf_“. munnmr %ﬂ“ to M. L. ww.ﬁ i i
Roach River, Kokadjo Twp. 25,000 Sicatean Brock: "W E___ﬁ,ﬂu 15,000 it '
Ry bonoks D Nquaw M5, Twp, e Ta brooks and a- Spencer 35,000 3
Lily Bay, Lily Bay Twp. 10,000 WE Bay uh“ .m
_ Report for 1904 ewett Cove
No records this year, WM«..—_...‘?FE_ m..ﬂ” 35,000
Report for 1006 W__i wwu.__ Carry
Salvelinus foniinalis 00
Squaw Brook, Big Squaw Mt. Twp, 45,000 w% Lake m_.nu-m_w m.ﬁ m&.n___.ﬁﬂ
Roach Pond, Kokadjo Twp. * 2,000 B Sk - My By 3000
s SO L et o i Souaw Brook  Big Squaw Me. 10000
" MNarth Brook
Hoﬁqm.um.gm. Kokadjo Twp. 3,000 Eset Brook Sandy Bay 250
Moosehead Lake, Piscataquis Co. 6,400 Whitcomb Brook Gresnville 100
. Report for 1007 2 ..mannﬂﬂ Moosehead Lake 4
Ne records this year. East Brook mn._wn% Bay m.ﬁ
West Brook : p i
. i Hoepital Cove  Greenville 10,000
Salmon, in Moosehead Lake, Howard's Cove  Mooschead Lake 12,000
H.m_.unu__u. W_w__umn mw_ﬁ Brooks and coves near N. E. Carry ww_wﬁ_
Squaw Brook - 20,000 N. W, Carry :
No records for trout stocking. Report for 1015
& 2,1915 Near Forest Park Moosehead Lake 15000  Trout
Report for 1909 not seen L 115 New o [ nache L
Report for 1910 . m__aarﬂmn“.ﬂ___nﬂn W. Somerset Co. 40,000
Date FPlace Number  Species anore - .
Nov. 16,1910 Roach Pond and Roach River 5000  Salmon S ma e . BeniuCe. 4300
“'17, *  Squaw Brook 35,000 ¢ By
LP“.—.... m__uw il i di .m._u_g .
E.H._H# Mﬂ.- N-GE P
- #'Mature’ means over six inches in length,
92 b5
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Date Place Towns hip

Number  Species . Sise . July 1, 1935-Tune 30, 1936 ; .
June 14, 1915 Hospital Brook  Greenville 10,000 Trout . Date Walers and County  Township Numbsr Specizs Sine
" s .  Whitcomb Brook w 8100 July 20,1935 Moosehead Lake Little Squaw Mt. - 1,000 Trout maturef
Oct. 25, * 2 brooks near E. Saplin 7,000  Salmon B . Piscataguis Co.
.D._._ﬂd.n 3 _m-nn G,_ i i a i th H__g i s
ol A mﬁ.wﬂ%ﬁ_m Moosehead Lake 2000 s 10, o o w.%smmmu, 7000 M "
R = ac slan = * 1,000  * - May 21, 1936 * ighlan
“ “ % E.sideDeer Ieland " = 2000 o : Greenvilie 4000 ¢ 46
" 26, " Burnt Jacket Br, Greenville 3,000 1t e “ Lily Bay 33,582  Togue 2.3
o8 Bauth Brook Lily Bay 4,000 ' e B Big Squaw Mt. 20,000  Trout fry
o Narth Braok ¥ 4 (W) i ! o Greenville 6,400 Salmon -3t
i e LT} E_% WH.U‘ m—.ug.r ] L Nug ie (1] i m.mn m.ﬂn.—m-.ﬂq E.ﬂ.. .qhg i [T}
28, " Center Pond Soldiertown 1,000 Trout )
" 30, "  Sandy Bay Brook Muosehead Lake 5,000 Salmon 4 July 1, 1936-Tune 30, 1037
w o . BeaverBrook  Gore A-2 4000 ¢ ‘Oct. 5 1936 Moosehesd Lake
W o " Bumnt Jacket Br. Greenville 3,000 e iE Piscataquis Co.  Greenville 10,000  Salmaon 24"
" " " Near head of June 2, 1937 ‘ Big Squaw Mt. 10320  Togue fry
Sugar I. Monosehead Lake 7,000 e s 7 Greenville 2,123 Trout 4-6"
Yo 4 1 ueky Brook Spences 5,000 # P By = b Squaw Mt. 2,000 " .
LU i g cer Stream L1 mhg i A
Nov. 1, * wen Brook Moosehead Lake 5,800 July 1, 1937-Tune 36, 1938
.:. W " w:.._”.__uﬂn,mﬂ H.mnw_h._.-m. i " h M.ﬁ . Oet. 14, 1937 Moosehead ._..n.”“rnn Lily Ba 38,000 T 247
T Wi arford's Cove ' i : 5 L Fisca i : T v ogue ¥
vl Mill Broak o by w000 - " & o ﬂww,n:.____m:n 10,000  Salmen i
L e Woest Branch Br. £ L 16,000 0 F i Squaw Mt. 50,000 i i
w H&.ﬂﬁ.ﬁ—.—ﬁbmn nﬂ.._..ﬂww el B ; i i (1] (] W.m_.g [l L]
" nm:.ﬂ Brook and ) e 16,000 w ~ May 25, 1938 Moosehead Lake
Northwest Carry Highlands Greenville w_ﬁ Trout  mature
Report for 1915  Sept. 25, 1937 Moosehead Lake "
May 30, 1916 mdm.o_nru aﬂnmﬂnﬁm Moosehead Lake 41,515  Trout b Somerset Co. Tomhegan 10,000  Salmon 24
ong w. shore
Oct. 23, “  Little Brassua Pd. Brassua 2,500 July 1, 1938-Tune 30, 1939
Nov. 6, *“  Mooschead Lake Piscataquis Co. 83000 Salmon 3 27,1938  Moosehead H%f S RS T il
‘ i i ; eenville E rout  mal
In the reports for the years 1917, 1919, 1920, 1921, 1922, 1924, 1925, 1926, 1928, gk - SRR : 1700 t
no stocking records for d given, except for a record in the 1070 report " " Gore 24 1,000 ’ vy
of 9,500 salmon which escaped from rearing ponds into Squaw Brook, and pre- “ " Big Squaw Mt, 1,200 " L
UEE.EM_. into the lale. ” i i < Core R.2 10,000 _.H._.uam:b 24"
Reports for 1918, 1923, 1927, 1929, 1930, 1931 were not seen. ; Squaw Mt. 10,000

g i Big Squaw Mt, 10,000  Trout o
1 Mooschead Lalke ‘

Report for 1932 ; ' '
: : Highlands Gresnville 10,000 ¥ e
No dates Cluaw Brook  Big Squaw M. NS 41939 Moosehead Lake Gom g 5000 “ 4-6"
ﬂﬁnwm Tﬁ Hﬁ ,_.._ July 1, 1939-June 30, 1940
First Roach _wan.m Kokadjo 2.000 mm._u___m.u” 1,1939 Mooschead Hmw_nn Lily Bay 20,000 Togue fry
Lily Bay Brook  Lily Bay 296,240 " . Piscataguis Co. o
Beaver Creek Pd. Gore 2.4 4,000 " “ " v reeamila mm__%m Stlpoa M..M.
ﬂwﬁﬁ%ﬁﬁﬂﬂ ﬂrﬁgzwﬁﬁuﬁ wwmcm__ Trout Hy Hoﬂ»wmmﬁ_ Lake a 10,000 Trout 2
First Roach Pond =~ * 4000 w o bnends o “
Moosehead Lake thoroughfare 3,000 1 18, 20, i Eaumm.muﬂh H.w,#n a w__w_ﬁw ma_m_nﬁ_ "
Lily Bay Brook Lily Bay 8198 o 25, 26, X i s 10,000 Togue  “
mmd.nn.. n-.dm..—n ﬁw__u%_w Hl.m_. m1g_..._ : 4 ] Ei I mmﬂ. mn_.mmm.ﬂ _!_.n.. Hh-q_u_n_ﬁ- mh._uu.ﬂﬁ I}
The remsinng xecords are from the mimeographed reports, WM o | b sog B
put out by the Inland Fish and Game Dept., of fish plantings for e Somerset Co, 7 8,000 Salmon 24"
each fiscal year beginning July 1, 1933, “ il Rockwood 8,000
July 1, 1933-Dec. 30, 1934 ’ :
Date Waters and County — Township Number Species  Size ~ ;
Oct. 17,1934 Moosehead Lake, Moosehead 4,000 Salmon 2.3 i Mature" means over § inches,
Piscataquis Co. 95
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Date Walers and County . Township Number Species  Size

July 1, 1940-Tune 30, 1941

Date Walers and County  Township Number Species Size Nov. 4, 1942 Moosehead Lake Lily Bay 10,000  Togue 2-4"
Oct. 16,17, 18, Moosehead Lake S Piscataquis Co. Bl Bt Bk

w 19.21,°40 Piscataguis Co.  Gore 2-A 78000 Salmon 24" ; % Bquan i Trout u

Y B, Abbot 30,000 Togue “ g, “ - Greenville Jct. woo - e

u.m_q gﬁﬂgﬂ H.m.rﬁ i .u.- ar e 1l WQ .nz...tn- a Tl
Somerset Co. Rockwood 5000 Salmon & i w B o % i e i i
[T} E“ LE} LT an LE ﬂﬁ._-gﬁ- " 13
iﬂ.ﬁhu__ 1, 194]1-Tune 30, 1042 W m_; W wi [ i M.qu i a
Pircataguis Co. May 29, 1943, i mﬂﬂmmm, wmmt_wﬁ_“_ e,__....mﬁ Jry
26, 1941 Mooschead Lake ' Brook i U .. ily Bay 35,
Iy Highlands Greenville Hwﬁ Trout 24/t Sept. 3, 1942 Hﬂuﬁ&@ﬂﬁ. Bk 10000 o
ik Hm- L1} LL [T} K LT} Lt} : - pe "
Avg 29, " Moosehead Lake Big Squaw Mt. 10,000  Togue A S Long Pond T. 10,000 %ﬁm
Spedl DL Sfoomosk 10000 Selmon ¢ e
5, - AW Heb L Nov. 13, “ “ Greenville 12,000  Brook "

% e B « DigSquawMt. 20,000 Salmon 24" ont A

“ 96 u “ “ mmﬁﬁmﬂ..__wﬁ Mt %ﬁ “ « In the following section are given the stocking records for

w e “ " Rockwood 10,000 mﬂaaw i tributaries of Moosehead Lake, as taken from the mimeographed

il i “ Big Squaw Mt. 35,000 H_...u.,,nrmw mﬂz reports put out by the Inland Fisheries and Game Department

. 29, o 8 “ Lily Bay 10,000 Salmon . . of fish tings by fiscal year beginning July 1, 1933. Data are

i e " zsﬂﬂ_._nﬂau u m”_ o f H-.H Mﬂ H1 H—H—..—H—..n- ¥

. Highlands Greenville 10,000 i " listed by County. -
"o "___ u_ucom_n_.ﬁmn H.ﬂ.an Big Sguaw Mt. —M_ﬁ & i’ e i,
iy - e ’ iqﬂmpn 4.6 Stocking Records for Tributaries of Moosehsad Labe
m.nﬂn. 30, 1941  Moosehead Lake Big Squaw Mt. 15,000 Salmon 2-4 July 1, 1933-June 30, 1934
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Moosehead Lake is Maine's largest lake, and iz one of its most
famous lakes in furnishing good fishing for trout, togue, and
salmon to a large number of fishermen. The lake was found to
be excellent water for salmonid fishes from the standpoints of
depth, temperature, and dissolved oxygen; and this applied to
each of the several deep basin units of the lake. Bottom organ-

isms which might be used as food by fishes were found to be

very scanty in quantity. But the lake has an average abundance
of plankton organisms which constitute the chief basic food of
small fishes (especially the Smelt) in the lake, which,-in turn,
- are the chief food of the larger game fishes.

The larger fishes of the lake include abundant populations of
Togue and Brook Trout and nearly as many Land-locked Salmon,
abundant populations of the Cusk and two species of suckers,
and a fairly large population of whitefishes (two species). The
warden’s records of zalmonids checked in the Moosehead area

substantiate the survey findings that Brook Trout and Togue are

. of about equal abundance in the lake and that salmon are nearly
as abundant as either trout or togue.

The question arises at this point as to whether or not the lake _

could support a much larger population of salmonids than it now
has. Anticipating the general conclusion from the following
discussion, it might be stated that there is no indication in the
results of the present study that the lake is over-stocked ; while,
on the other hand, some of the results indicate that the lake
should be able to support a larger population of salmonids than

it now has. Comparable survey gill netting within the more

suitable lake depth zones yielded approximately 2.5 salmonids
per 375-foot net per 24 hours for Moosehead Lake, as compared

to approximately 3 salmonids in most of the Rangeley Lakes .

(1941 survey), and as compared to 12 salmonids in Haymock
Lake®; this comparison does not indicate an over-population in
Moosehead. The rate of growth of the three species of sal-
monids in Moosehead Lake is above average, as compared to
the growth of salmonids in other Maine lakes from which seale

samples have been studied—another indication that the lake iz

& For results of the study of Haymock Lake, see page 115,
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not over-populated. The three gpecies of salmonids in Moose-
head occupy somewhat different zones of the lake (which is
possible, due to the large size and great depth of the lake), so
that interspecific competition for space is probably not extreme.
Thus some of the effect of over-population which might be due
to the presence of too many species is avoided. If Moosehead
Lake can support a muech larger population of trout, togue, and
salmon, it must depend largely on the presence of a much greater
food supply than is now being utilized. The three salmonids
were found fo be feeding mostly on smelts, and to a lesser extent
on other fishes—the salmon on chubs 3 trout on chubs and stickle-
backs; and togue on sculpins, sticklebacks, and chubs, and (the
larger togue on) suckers and Cusk. But the Smelt is the prinei-
pal link in the food eycle of the lake between the animal plank-
ters and all the salmonids except the very large togue. Thus
the abundance of the Smelt is the key to the question of whether
or not the lake could support a much larger population of sal-
monids. Judging from 1,130 smelt (all measured for length)
taken from 470 salmonids and cusk, the Smelt in the lake is of a
small race, seldom exceeding four inches in length. (If a larger
race of Smelt iz also present, it must be rare.) We have no
direct evidence that this small race of Smelt in Moosehead is so
abundant that it would support a greater population of sal-
monids. The 332 salmonid stomachs had 1,047 smelts, or 3.2
per fish, as compared to 0.5 smelt per stomach among 246
salmonids from the Rangeleys (1941 survey) ; but this com-
parison, even though it might indicate a greater abundance of
smelts in Moosehead, is not especially helpful because the Moose-

- head smelts were smaller. If smelts were especially abundant

in Moosehead Lake, it could be maintained that the salmonids
would grow much more rapidly than they do at the present time.
But, although this argument might be valid, it is the opinion of
the writers that the small size of the smelt is a more important
factor than available numbers in limiting the rate of growth of
Moosehead salmonids. In other words, the two- to three-pound
trout and salmon, in eating maogtly two- to three-inch smelt, are
not able to capture enough smelts to make a rapid growth. It
is noteworthy, in this eonnection, that when the Togue reaches
a sufficient size to be able to feed on the large suckers, its rate
of growth in weight increases considerably. If this reasoning
is correct, then these small smelts and other small forage fishes
in the lake could be sufficiently abundant to support a much
larger population of salmonids than is now present, and sup-
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port these additional fish without a corresponding decrease in
rate of growth, everr though the present forage fish population
does not provide a more rapid growth among salmonids in the
present population. The most eonclusive argument in support
of the belief that Moosehead Lake should be able to {and prob-
ably eould) support a larger population of salmonids is from a
comparison of Moosehead with Haymock Lake, Haymock, at
present, supports a population of salmonids about three times
as dense as in Moosehead (judging from the gill net collections),
and mostly on a diet of sticklebacks, seulpins, and plankton.
But Haymock Lake lacks the Smelt, which is an efficient link in
the food cycle of Maine lakes, and which, when present, is the
usual or preferred food of salmonids. Sinece Moosehead has
about the same forage species as does Haymoek, and in addi-
tion a large population of smelts, the food situation in Moose-
head should be much better than in Haymock. It is our opinion
that it is, and on the basis of this comparison, Moosehead Lake
shounld be able to support a larger population of salmonids than
it now has.

Moosehead Lake is noted for the record size of its Togue, up to
20 pounds and more; but it is not noted for producing many
record-sized Brook Trout or Land-locked Salmon. The large size
of the togue may be attributed to their feeding on suckers. The
suckers are the only abundant, large-sized forage fish in Moose-
head Lake upon which any of the salmonids feed extensively.
But the trout and salmon do not feed on the suckers extensively,
possible reasons being that the trout and salmon are not abur-
dant in the same ecological zones of the lake with the suckers,
or that the trout and salmon, after reaching a fairly large size
by a moderate rate of growth, do not live long enough to utilize
the large suckers extensively. It could reasonably be expected
that the presence of a larger race of smelts (5 to 10 inches long)
in the lake would result in larger salmon and possibly larger
trout. The Smelt is known to be mostly pelagic in habit and
therefore would be in the same habitat with the salmon. Those
lakes in Maine (Sebago, the Rangeleys, the Fish River lakes,
and others) which produce record-sized salmon and trout mostly
have populations of a large race of Smelt. Even though the
introduction of a large race of Smelt into Moosehead would
probably result in an increase in size of salmon, it does not
necessarily follow that such an introduction would be desirable,
A large Smelt is a predator, and it has been reported to us sev-
eral times by State Fish and Game Wardens that when the large
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smelt is introduced into a lake, the togue population greatly
decreases. We have no direct evidence that this occurs, except
for these warden reports, but it is entirely within the realm of
probability that such a decrease would take place. For the
largest of the smelt would probably feed on togue fry just as
readily as the larger togue would feed on the smaller zmelt.
Algo, the larger smelt would feed extensively on the smaller
race of smelt and probably deplete their numbers considerably,
with an ultimate effect of simply adding one more predator to
the present fauna. Since the lake now has four abundant species
of predators as compared to only a few species of plankton con-
verters (smelt, stickleback, chub, and possibly the suckers), of
which only one is fed on extensively by salmon, if further intro-
ductions of forage species were to be made, it would be more
logical to introduce a strictly plankton feeder than to introduce
another potential predator. In fact, there are so many possi-
bilities in which the introduction of a large race of smelt would
do Emwmm harm than good, that such an introduction is not recom-
mended.

The legal size limit for Brook Trout in Moosehead Lake is 8
inches, that for Togue and Land-locked Salmon is 14 inches, If
it is correctly assumed that one of the purposes of having a legal
size limit is to protect most individuals of a species until they
have had an opportunity to spawn at least once, then the present
legal limits on trout, togue, and salmon do not accomplish this
purpose. According to survey data the Brook Trout in Moose-
head Lake first reaches maturity when about 11 to 12 inches long,
on the average; the Togue, at 15 to 17 inches; and the salmon,
at 15 to 17 inches. For each species the legal size limit is in-
adequate to the extent of about one vear's growth. That is,
most individuals of each species are subject to capture during a
season’s fishing before they become mature for spawning., An-
other aspect of the legal size limit concerns the growth history
of the fish. The most reasonable attitude is to congider fish in
the sense of a erop to be utilized at the most opportune time for
the greatest return. Trout, togue, and salmon in Moosehead
Lake or its tributaries grow very slowly, on the average, for
the first two years, and begin their third year of life in the lake
at a length of approximately 7 to 9 inches, Mostly they reach
their legal length during their third or fourth summer and grow
rapidly for several years. The legal length is attained early in
the period of rapid growth. So that by taking a trout at 10
inches, or a togue or salmon at 14 inches, the fisherman gets
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only a small part of the benefit of the normal rapid growth of
the species, To illustrate the point, since it takes 3 to 5 years
(depending on the species) to produce a one-pound fish, it would
seem to be entirely sensible to wait one more year and get the
two-pound fish. An increase in the legal size limit to 12 inches
for Brook Trout, and to 16 inches for Togue and Land-locked
Salmon would allow a majority of the fish to reach sexual ma-
turity before being subject to capture, and these increased legal
lengths would give the fishermen more benefit from the in-
creased rate of growth of these species during their third, fourth,
and fifth years of life. :

Of the numerous small tributaries of Moosehead Lake, at least
seven streams are good trout feeder streams. But these streams
have a limited carrying capacity as compared to that of the lake
itself, Any methods which would keep these streams at their
highest ecarrying capaeity for small trout would be desirable.
Drastie control, and probably a complete elimination, of beaver
on these tributaries is entirely justified. The Moose and Roach
rivers are the principal rearing grounds for salmon. But the
short stretches of these rivers below Brassua Lake and the Roach
ponds, respectively, are again of limited carrying capacity as
compared to that of the lake. The lake is so large, as compared
to the capacity of its tributaries to produce trout and salmon,
that artificial propagation and plantings of hatchery fish may
always be justified.

Stocking of salmonids in Moosehead Lake and its tributary
waters over the past 70 years has been confined almost exclu-
sively to Brook Trout, Land-locked Salmon, and Togue. The
relative numbers of the different species has varied zome from
" year to year, and there has been a gradual change in the species
trend from an early emphasis on Brook Trout to a greater em-
phagis on salmon during recent years. For the five fiscal years
previous to July, 1943, the plantings in the lake totaled approxi-
mately 477,000 salmon, 481,000 trout, and 318,000 togue; and
for the tributary streams and closely adjacent tributary ponds,
721,000 salmon, 517,000 trout, and 253,000 togue; giving a total
for both lake and tributaries of 1,198,000 salmon, 998,000 trout,
and 571,000 togue. This represents an average rate of 553,000
salmonids a year. Sinee the lake has demonstrated a capacity
to support abundant populations of all three species of salmonids,
the continued stocking of all three species seems justified. Great-
est emphasis on propagation of salmon also seems justified in
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view of the fact that salmon rearing grounds on the lake tribu-
taries are the most limited; and, for the same reason, trout
should be favored over the togue,

On the basis of the stocking table for trout and salmon lakes,
which has been used as a basis for stocking recommendations
for smaller lakes in the southern part of the State, the recom-
mended rate of stocking would be 3,000,000 six-inch salmonids
per year. This ealculation is based on the lake having 61,000
acres of water suitable for salmonids during late summer, and
on the basis of the lake having medium figshing intensity, good
spawning grounds, and an abundant food supply. It iz entirely
impoasible to meet such a quota with present hatchery facilities.
Furthermore it is doubtful that such a heavy rate of stocking
would be economically profitable. But the above estimate does
serve to indicate that, compared to the rate at which small lakes
are being stocked, Moosehead Lake is not being over-stocked by
the 553,000 salmonids planted each year in the lake and its tribu-
taries. As the State’s fish-rearing facilities are expanded, the
principal effort in the Moosehead area should be to increase the
gize of the Brook Trout and Land-locked Salmon to 6 to 7 inches,
a size suitable for planting direetly into the lake, rather than
to attempt to greatly increase the number of fish planted.

The results of the Fizsh and Game Wardens' census of fishing
in the Moosehead area indicate that the average fisherman ob-
tains good returns for his effort. In their routine checking on
fishermen throughout the day, the fishermen were found fo have
an average of two fish per person on an all-season basis, from
which we conclude that the average fisherman has about four
fish at the end of each day. The salmonids taken by survey gill
nets from Moosehead averaged about two pounds in weight.
Making allowances for the fact that many of the salmonids taken
in survey collections were of illegal size, it is a conservative esti-
mate that the average fish canght by fishermen from Moose-
head is about two pounds in weight. Thus the average catch
of galmonids per fisherman per day on Moosehead is conserva-
tively estimated at six to eight pounds.

Our recommendations for management of Moosehead Lake,
most of which are discussed in the previous paragraphs, are
summarized as follows:

1. Do not introduce any species of warm-water game fishes
{bass, perch, pickerel, ete.) into the lake.
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. Do not introduce a large race of Smelt.

. Inereasze the legal size limit on fish taken from the lake to

12 inches for Brook Trout, and to 16 inches for Togue and
Land-locked Salmon.

. Keep the present law prohibiting all mmrim. on the imme-
diate tributaries of Moosehead Lake.

. Keep the immediate tributaries of the lake entirely free

of beaver. :

Continue stocking the lake and its tributaries with salmon,
trout, and fogue at the present rate of approximately
500,000 (total for the three species) per year, employing
any expansion of fish-hatchery facilities for an increase
in size of the salmon and trout to 6 to 7 inches before
planting in the lake itself,
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SURVEY OF HAYMOCK LAKE

In making recommendations on stocking and other fish-
management policies for lakes in the southern part of Maine, we
have been continually handicapped by the lack of a certain type
of information. Almost all of these southern lakes have become
stocked with one or more species of warm-water game fishes,
and these warm-water species are unquestionably detrimental
to populations of trout or salmon to the extent of nullifying
salmonid plantings in many of the lakes. Therefore it has been
difficult to determine the extent to which trout and salmon
populations are limited by environmental factors other than that
of competition by warm-water game fishes. The writers have
long suspected that our native Brook Trout would thrive in
almost all lakes in all parts of the State, if the several species
of perch, bass, sunfish, pickerel, etc. were not present, 'The
question is of utmost importance in connection with the possi-
bility of reclaiming many of these southern lakes for trout and
salmon by eliminating the warm-water species. But we need to |
know more about the various conditions under which the gal-
monids will thrive, if the warm-water species are ahsent.
Secondly, we do not know the extent to which fish plantings on
the one hand, or the catching of fish by fishermen on the other

* hand, are related to the carrying capacity of a given lake, Does

an average amount of fishing keep a population of trout or sal-
mon reduced to only a small fraction of the carrying capacity of
the lake? And if it does, then is this deerease in population
below the carrying eapacity of the lake accompanied by a eor-
responding increase in rate of growth among the fish which re-
main jn the lake? Is the rate of stocking in some lakes so
heavy as to keep a given lake over-stocked with small fish? Or
is the reverse true, and the rate of stocking might be greatly
increased with good results? These are some of the very im-
portant questions which might be elucidated by a comparative
study of heavily fished and rarely fished lakes. But very few
studies have been made of the lakes in inaccesgible parts of
Maine, which are rarely fished. As a start in this direction, one
of Maine's relatively inaccessible lakes (Haymock Lake) was se-
lected for study by the 1944 survey. It was anticipated that
this lake would prove to be sufficiently similar to Moosehead Lake
so that the results of the two studies would furnish valuable
comparisons.
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Haymock Lake was selected, after consultations with several
State Fish and Game Wardens who knew the lake, on the basis
of it being an excellent Togue and Brook Trout lake, of fairly

large size, probably quite deep, rarely fished, having no warm-
water game species, and never artificially stocked.

Haymock Lake is located in the northern part of Piscataguis
County, and in the unorganized towns of T. 8, R. 11 and T. 7,
R. 11. Tt is about 35 miles northeast of the northern end of
Moosehead Lake. The surrounding country is entirely forested
with a mixed growth of hard-woods and soft-woods, and the
heavy timber extends to and overhangs much of the shore line
(see Plate XIIT) except at the two ends of the lake. Most of the
overhanging frees are cedars. The lake is slightly over two
miles long, with the long axis northwest to southeast, and it is
about a mile wide at the widest point. Drainage from Haymoek
Lake is to the northwest into Smith Brook, Eagle Lake and the
Allagash River. The lake has several small inlets, all of which
were found to be dry, or dried to pools, during August of 1944,

At the two ends of the lake the shore line is quite flat and
there are extensive shoal areas extending for several hundred
feet into the lake. Around the remainder of the lake there is
a steep shore line rising about five to eight feet above the lake
level, and there is a prominent shoal area about 200 feet wide
extending out to a depth of four feet. The immediate shore line
and shoal areas of the lake are mostly of rubble and boulders
with the shoal areas grading into gravel and sand toward deeper
water, except for the southeast end which has a sand beach, and
the northwest end (at the outlet) which has silt and mud. At
the outlet end of the lake, there is a mud-bottom, shoal area of
about 30 acres containing a fairly dense growth of Potamogetons
and a few White Water Lilies. Around the remainder of the
lake the aquatie vegetation is limited almost entirely to a very
scanty growth of Pipewort (Eriocaulon septangulare) *

The study of Haymock Lake was made by two parties, each
spending a week to 12 days on the lake. The first party was on
the lake from July 8 to 15, establishing a camp, building a boat,
mapping and sounding the lake, and making seine collections of
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making gill net and seine collectionzs of fishes, making water
analyses, and collecting bottom samples and plankton samples.

Depth and Water Conditions. The outline map of Haymock Lake
" (Figure 9) is largely the result of direct observations by the sur-
vey personnel. A series of 21 flag stations, at approximately
equal intervals, was established along each of the two opposing
shore lines of the lake.  The distances between congecutive flag
stations was measured in a few instances, but most stations were
spaced by rowing along the shore line and estimating the dis-
tance from flag to flag. The shore line direction from. flag to flag
was determined by compass. Depth soundings were made along
lines run between corresponding flags on the two opposing shores,
and the spacing of soundings along a given line was again esti-
mated while rowing the boat. The depth soundings were made
- with a braided tiller rope, marked at one-foot intervals, and the
water depths are given in Figure 9 to the nearest foot.

The maximum depth of the lake was found to be 61 feet. The
basin of the lake is of a simple, one-depression type, with the
deep area in the southeastern third of the lake, Much of the
expanded, central portion of the lake is from 20 to 40 feet deep,
and the 50-foot water is confined to the southeastern half, The
largest shoal area (less than 20 feet deep) is at the outlet end.
On the basis of the lake being 2.3 miles long (our estimate), the
area of the lake has been calculated to be 704 acres, and the total
water volume to be 19,445 acre feet.

The results of water analyses during August at the two sta-
tions on the lake (Table XXI) reveal a typical temperature
stratification, with water temperatures above T0° F. extending
down to a depth of approximately 20 feet, a pronounced thermo-
cline between 20 and 30 feet, and a stratum of uniformly eold
water from 35 to 60 feet. The optimum temperatures for sal-
monids of approximately 60 to 65° F. were found at depths
below 25 feet. The dissolved oxygen was about 8 p.p.m., or near
saturation, in the upper waters, but had been reduced to as low
as 5.6 p.p.m. in the deepest water. The pH ranged from mod-
erately alkaline (7.4) in the surface waters to moderately aeid
(6.5) in the deepest water. On the basis of the data on depth
soundings, water volume, temperature stratification, and dis-
solved oxygen, the lake has been divided into two zones with re-
spect to the suitability of the water for salmonid fishes during
late summer. The volume of water in acre feet within these
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zones, and the area in acres of lake bottom in contact with these
water zones, have been calculated as follows:

Arvea of
Depth Volume of lake
in water in bottom Water Bottom
feet acre feet  in acres Zone volume Erea
0-10 6,628 102 w%_unﬂm T0° .w, 11,968 acre ft. 218 acres
o0 warm for (i 31
10-20 5,440 114 mﬂgﬂmn.“_ % (B
20-20 4,080 155 Below qn-m__w.. TASE gere ft. 488 w.uuwm
81 Ve a9 i
80-40 2,260 149 MHM__HWE L e
Good water
4£0-50 930 76 for zalmonids
Bi-61 212 , b8
0-81 15,445 T4 18,445 T4

According to this ecaleulation, the upper 61 per cent of the
water volume of the lake is too warm for salmonids during late
summer, and this warm water iz in contact with 31 per cent of
the bottom area of the lake. The deep water which is regarded
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as suitable for salmonids includes 39 per cent of the lake volume,
and this zone is in contact with 69 per cent of the bottom area of
the lake. Thus, purely on the basis of depths, water volumes,
temperatures, and oxygen (partially deficient in the deep water
of the lake), Haymock Lake is a mediocre body of water for sal-
monid fishes (especially for Togue), in comparison to the average
good trout or togue lake throughout the southern part of the
State.

Plankton. Four plankton samples were taken from Haymock at
the two water analysis stations. Since the net closing device
was not operating, hauls were taken from 15 feet to the surface
and from 35 feet to the surface. By difference it is possible to
calculate the plankton volumes for the usual 85 foot-15 foot
stratum. The lake is poor in plankton even when compared with
Moosehead, itself a relatively unproductive lake. The quanti-
tative results in average volume of plankton organisms per eubic
foot of lake water are: 12:00 M. Aug. 12: 15-0 ft., 0.18 cc.:
35-15 ft,, 0.06 c.c. 5:00 P. M. Aug. 12: 15-0 ft., 0.08 c.c.; 85-156
ft, 0.11 c.c. The second station is irregular in yielding a greater
average volume at the deeper level, The organisms differ quali-
tatively from the Moosehead plankton in a greatly reduced popu-
lation of Cladocera and Degmids. The calculated average num-
bers of the various types of organisms per cubic foot from 15
feet to the surface are as follows: (Based on the 12:00 M.
sample) Adult copepods, 664; nauplii, 183; Cladocera, 44; Proto-
zoa, 1,100; Rotifera, 800; Myxophyceae, 2,000; Volvocales, 3,400;
Desmidiaceae, 0; other Chlorophyceae, 18,000: Bacillarieae,
16,000 ; Dinophyeceae, 274,

Bottom Fauna. The bottom soil and bottom food organisms of
Haymock Lake were studied by an analysis of 33 bottom samples
collected during the period from August 14 to 18 by a 9 x 97
Ekman dredge. These samples were from stations scattered
fairly uniformly over the area of the lake. The depth distribu-
tion of the samples was closely representative of the depth dis-
tribution of the bottom area of the lake, with 5 samples from
depths of 1 to 10 feet, 13 samples from 11 to 30 feet, and 15
samples from 31 to 60 feet. The bottom soils encountered in
these samples were mostly gravel and sand at depths of 1 to 10
feet; some gravel, mostly sand, and some mud at depths of 11
to 80 feet; and exclusively mud at depths of 81 to 60 feet. The
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type in these 83 samples were as follows: !

Volume in e.e.  Number

15 T e TR w0 R o S 0.084 2
Aquatie earthworms ........c.ovvvnnn.n.. 0.038 ]
Fresh-water shrimp ........oovvennnnnnnn.. 0.081 11
Alderfly nymphs (Sialis) ..ooovinnnnnnn.. 0.02 1
Mayfly nymphs, burrowing type ...... T 0803 43
Mayfly nymphs, non-burrowing type ....... 0.043 6
Dragonfly nymphs .ioveennsonnnnnon... .06 1
Beetle larvae ........ S e e R e g 0.017 3
Caddisfly 1arvae ....cvvvruniniennnsnnnnnnn,, 0.015 1
Midge 1a¥vE8 vueetirnenreienriiinnnrosn,s 0.994 a3
Mozguito larvas (Corethra) ...voivneernnnn 0.061 b
D IREVRG: v aaaa trinaann st s 0025 4
TN s o i R S 0.03 o
Small clams (mostly Spheeridae) ......... 0.4 19
AL ORI i a i s S G b 2401 188

From a quantitative standpoint, the bottom fauna was mostly
burrowing Mayflies and midges. The Mayflies were mostly from
depths of less than 30 feet, and the midges were mostly from 30
to 60 feet of water. The average quantity of organisms per
sample, for the 83 Haymock samples, waz 4.2 organisms of
0.078 c.c. in volume. Caleulations based on these figures give
7.5 organisms of 0.18 c.c. in volume per square foot of lake hot-
tom as the average for the bottom fauna over the lake as a whole
during late August. This average quantity of bottom fauna is
about twice the quantity found in Moosehead Lake, more than
was found (during previous summers) in other large lakes in
Maine, but much less than has been found in Maine lakes of a
size and depth comparable to Haymock (see page 35). The bot-
tom fauna in Haymock was definitely a scanty one at the time
of the August sampling,

The shoals of Haymock Lake, in water less than five or =six feet
deep, have a population of the larger bivalve molluses numbering
approximately two to four individuals per square yard. Twenty-
six specimens, picked up at random on the bottom, consisted of
12 Anodonta implicate Say, 18 Elliptio complanatus (Dillwyn),
and 1 Alesmidonta undulata (Say).s

Fish Fauna. Our knowledge of the fish fauna of Haymock Lake
is based on the results of seven over-night sets of a 375-foot

8 Identifications made by Dr. Henry vander 8 alis, Muse of
University of Michigan. SART:S: - Mymenn Toclogs,

115



experimental type of gill net (same as used on Moosehead Lake,
see page 35) and 5 seining collections. The gill net sets were at
locations scattered over most-of the lake, The nets were set at
representative depth ranges throughout the lake basin, but each
net set was confined to a very limited depth range (not over six
feet). The seining collections were made at several stations
around the shore of the lake; four collections were made during
the daytime, and one extensive collection was made after dark
(9:00 to 11:00 P. M.). A list of the fish species, and the num-
ber of each, obtained from Haymock Lake by gill nets and seines
is as follows:

Number in Number in
Tgill net 5 seining

Species collections eollections
Togue or Lake Trout (Cristivomer n. Yok ) 53 '
Brook Trout {Salvelinus fo fontinaliz) ......... 11 -
Common sucker (Catostomus o. commersonnii) | 51 a0
Fallfish (Leucosomus corporalis) ............. 8 15
Northern Dace (Maorgariseus margarite noch-

s N S e e S ) o 8
Elack-nozsed Dace (Rhinichthys a. abratulus) .. 457 4
Lake Chub (Couesius plumbeus) .............. - 49
Black-nosed Shiner (Notropiz k. heterolepia) ... a 93
Common shiner (Notropis e. cornudus) ... ... .. o 196
Red-bellied Dace (Chrosomus . ) RS i (5]
Fai-headed Minnow (Pimephales p. promelaz) .. ach 125
Three-spined Stickleback (Gasterostens asuleatys

s 5:4 95
Fresh-water Sculpin (Cottus sognatus) ........ 1 4
Cusk or Burhot (Lots lota menlosa) ..., ... i 14

It is probable that the amount of gill netting on Haymock
Lake was adequate to reveal the composition of the larger fish
fauna, and that the totals of 53 Togue, 51 Common Suckers, 11
Brook Trout, and 8 Fallfish are repregentative. The Togue is
certainly the dominant predator of the lake, and is much more
abundant than the Brook Trout. The Common Sucker is by far
the most abundant of the larger non-game species. The seven

gill net sets represented a total of 182 hours or 5.5 days of net-

ting, and the ecatch of fish per net per 24 hours was 9.6 Togue,
. 9.3 Common Suckers, and 2.0 Brook Trout. As compared to the
net catches from Moosehead Lake, the catch per 24 hours of
Common Suckers and Brook Trout from Haymock was about
the same, but the nets caught about three times as many Togue
per 24 hours in Haymock. The depth distribution of the dif-
ferent species caught during the seven net sets conformed to

their known habitat preferences, with the salmonids mostly from
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the deeper water, the suckers from all depth ranges, and the
fallfish from shallow water, as seen in the following tabulation
of fish caught in each net set -

Depth r
Bdri
net geta, in Brook Common
_ feet Togue Trout Bucker Fallfizh

dton 0 0 b a
21-25 d 1] & 14 1]
26-36 4 a9 10 0
83-34 12 0 13 o
40-41 12 0 3 0
20-45 g 16 1 8 (1]
55-56 q 1] ] ]

The one Cottus cognatus caught in the gill net (an unusual oc-
currence) was in the net at a depth of 40 to 41 feet.

One ohvious- peculiarity of the fishes taken by the gill nets in
Haymock was their large average size. There Were no excep-
tionally large fish, but there was a definite scarcity of small fish,
7 to 12 inches long. Almost all of the Togue were from 2 to 14
pounds in weight, the three Fallfish were large, and a large. pro-
portion of the suckers and trout were fairly large. (See Plates
XI and XIT for Haymock fish, as compared to Plates VI to X
for a relatively larger proportion of smaller fish from Moosehead
Lake.)

The fauna of smaller fishes on the shoals of Haymock Lake,
as revealed by our seining collections, is noteworthy mostly in
view of the variety of minnow species, and the complete absence
of any warm-water game or pan fishes. The Common Shiner,
Black-nosed Shiner, Fat-headed Minnow, Common Sucker, and
Three-spined Stickleback were the most common of these smaller
fishes. But none of these Wwas very abundant, and the entire
shoal fauna of smaller fishes was regarded by the experienced
collectors as scanty from the standpoint of quantity,

A seining collection on Smith Brook, the outlet of Haymock
Lake, on August 18 yielded Fallfish, Common Shiners, Black-
nosed Dace, Common Suckers, and Creek Chubs (Semotilus a.
atromaculatus). Seining along 14 mile of the stream just below
the lake yielded no trout. At 10:00 A. M. on Angust 18, the
water temperature was 75° F., the air 77° F. The brook is not
a good trout feeder-stream for the lake, ‘It gets too warm; and,
being the lake outlet, it would remain warm, day and night, dur-
ing most of the summer.
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Food of Haymock Fish. Analyses were made of the stomach
contents of the 53 Togue, 11 Brook Trout, and 3 Fallfish from
Haymock Lake. The results of these analyses are summarized
in the following tabulation of the volume in c.c. and number (in
parentheses) of each type of food organism found in the
stomachs :

11 Brook
53 q..wm.ﬂm__ Trout, 3 Fallfish,
147257 long  9"-20" long _ 14"-18" long _

Cladocera wz_nmﬁ:__

Leptodora) ..... «aa T4.63 (17,638) 2.8 (b666) P
Mayfly nymphs ...... 648 {43) 0.52 (3)
Other “aquatic insects  0.99 (27) AT
Three - zpined Stickle-

back ...... P 2123 (388) 0.1 {1) e
Fresh-water Seulpin ..  10.85 {22) L0 (2) 0.8 (1)
Lake Chub .......... 5.1 (1) Bk e g e e —

. Cusk or Burbot ..... 13.0 BF - Girediina e
Common Socker ..... T . 10.5 (2)
Pish g, o 0ovivinis 1.37 (N IS R e

These Togue and Brook Trout had fed mostly on small fishes
and o some extent on plankton waterfleas. The fish in their
stomachs were mostly sticklebacks and sculpins and a few in-
dividuals of other types. These sticklebacks and sculpins were
mostly from 1 to 2 inches long (they were all measured). Only
an occasional minnow, cusk, or sucker was 8 to 5 inches long.
Thus these 2- to 314-pound Togue and Brook Trout were feeding
on a relatively small-sized food fish. Apparently the Togue
were not large enough to feed on the abundant, but fairly large,
suckers which oceurred throughout the lake with the Togue.
The scarcity of bottom organisms in the diet of these fish is
consistent with the scarcity of the bottom fauna in the lake it-
self, but most of these Togue and Brook Trout were probably too
large to feed extensively on bottom organisms. The complete
absence of any smelts in the stomachs of these togue and trout
is regarded by the writers az unquestionable proof that the Smaelt
is either very rare, or more probably not present, in the lake.

Growth of Trout and Togue in Haymock Lake. The 53 Togue
or Lake Trout collected from Haymock Lake represented age
groups VII to XTII, with the majority of these fish confined to the
three age groups VII to IX. The oldest and largest fish was 25.1
inches long, weighed 6 lbs., 5 ozs., and was in its thirteenth sum-
mer of life. The data (Table XXII) do not furnish a satisfactory
age-length curve for the species because of the complete absence
of fish younger than seven years and the scarcity of fish in
groups X to XIII. The VII- and VIII-fish from Haymocek are of
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*Where fish are indicated an mature, it was judged from the etage of development of thedr reprodustive organs that they would have spawned during the fall of 1944



about the same average size as the corresponding fish from
Moosehead Lake, but there is a definite indication that the IX-
and XI-fish from Haymock are smaller. The single XIII-ish
from Haymock was definitely smaller than would be expected of
a fish of that age in Moosehead. Our data indieate that the Hay-
mock togue grow at a normal rate (as compared to Moosehead
fish) up to an age of VII to VIIT years and to a weight of 2 to 3
pounds, after which their growth is slower, The 1944 popula-
tion of Togue in Haymock was obviously in a stage of eyclic
abundance of age groups, with most fish VII to IX years of age®
The same gill nets were used in both Moosehead and Haymock,
and in Moosehead they caught many III- to V-year togue weigh-
ing half a pound to one pound. The absence of theze smaller
togue in our Haymock eollections is regarded as evidence that
these smaller togue were rare in the lake. A suggested explana-
tion for such a cyele of abundance is that the many large-sized
togue consume most of the smaller ones, and would continue to
do so until a depletion of the larger ones would allow a greater
survival of the smaller ones. This is merely a theory with no
observational proof. In comparing the Haymock togue with
those from Moosehead, the relatively greater abundance of 5-
to 10-pound togue in Moosehead is obvious. The fact of fewer
very large togue in Haymock may be attributed either to the
fewer number of old fish (an effect of cyelic abundance of year
classes), or it might be that the species in Haymock would not
attain so large a size as frequently as in Moosehead because of
environmental conditions. Haymock Lake is comparatively a
small lake, not very deep, with a small percentage of its water
contained in the hypolimnion (deep and ecold layer), and with a
considerable oxygen depletion occurring in the ‘deep water dur-
ing the summer. In other words, from the standpoint of the
physical and chemical environment, the lake is very mediocre
trout and togue water. Thus, either a space factor, because the
lake is small, or factors of temperatures, depth, or oxygen might

® Gubsequent to writing this report, the writers recelved g letter dated
December 15, 1944 from Mr. George B, Fuller of Boaton_who owns the one set
of camps on Haymock Lalke, According to his letter, Mr. Fuller and a com-
panlon have fished Haymoeck Lake for many yeéars, formerly had excellent trout
fishing, but have had pro ressively poorer trout E.Euﬂm_.. recent years “until
thiz year [1844] it seemed to have pretty mearly reached the depths of poor
fishing," r. Fuller's ohservations in uﬂpam.m to the decline of trout seem to
have apecial significance in connection th our observatioms, If our conclu-
aloms are correct that togue are in o definite cycle of abundance and are now
much more abundant than are trout, it would Beem logical to expect that the
appearance of abundant year classes of togue, becauss of competition, would
have been coineldent with a decline in the trout population. But it Is aqually
to ba mn.wuﬁun that the disappearance of.the present abundant évele of togue
may be followed by an increase in abundance of trout,
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operate in limiting the size of togue in Haymock more than in
Moosehead.

The 11 Brook Trout from Haymock included age groups IIT to
VI __“HmEm XXII) and the growth curve represented by these fow
fish is quite similar to that for trout from Moosehead. The
larger Haymock trout were 2 to 3 pounds in weight and were V
and VI years old.

. Summarizing our scale records, the growth of togue and trout
in Haymock compares favorably with that in Moosehead, except

ﬁmﬁ muﬂccmmrmmanrmwmpwm more very old fish of a very large
gize, :

Summary. The results of the study of Haymock Lake may be
summarized briefly as follows: The lake is about two miles long,
704 acres in area, and has a4 maximum depth of 61 feet. On the
basis of depth, temperatures, and dissolved oxyegen, the lake is

"not an excellent togue or trout lake, but a mediocre one. The

lake has an abundant population of togue and of suckers and has
some trout, and these salmonids and suckers are of g fairly large
average size. In the case of togue, this large average size is due
to the preponderance of older dge groups. The lake also has a
varied fauna of smaller shore fishes, of which sticklebacks and
sculpins also inhabit the deeper waters of the lake and are fed
on extensively by the togue, Apparently, the Smelt iz not
bresent. Bottom food organisms are not very abundant, and
were not being eaten extensively by the togue and trout.

It has been our assumption that the Togue is pre-eminently
a deep-water fish, requiring a lake with a considerable area that
was at least 60 to 80 feet deep. However, the situation in Hay-
Ecnw_ Lake has indicated that the Togue will thrive in a lake
that is not especially deep and even though the deep water is
not especially favorable from the standpoint of dissolved oxygen.
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FLATE 1

Making testz on the chemiztry of the water.

Upper: A bottle of water for cxXygen determination is bej i
eitig ohtaine
from the NnEHma_w..w water sampler (the brass cylindery. This m..:.nEm_. M
adapted for collecting a water sample from any desired depth.

Lower: A colorimetric pH test is being made on

REATNIS Famurmr suoscersssrms e e

& sample of water,



PLATE II

Upper: An Ekman dredege, 8" x 9" square, with the jaws open, being
lewered for collection of a bottom sample.

Lower: A pail of mud brought up from the bottom of Moosehead Lake
by one haul of the Ekman dredge. The entire sample iz screened through
the #20 mesh sieves for collection of the bottom organisms.

PLATE III

Upper: BSounding of Moosehead Lake was done with brazs chainz and
tiller ropes marked at 2- and 5-foot intervals, The boat wag brought to a

standstill at each sounding. For depths of the lake, see the folded map on
inside of the back cover of thiz report.

Lower: Hauling one of the 375-foot experimental gill nets on Moose-
head Lake. Two suckers in the net are in view in this photo.



PLATE 1V

Upper: Examining one of the experimental gill nets set in a suspended
position at a specified depth below the surface. Numerous small foats

mzz.?m shown in the photograph) were used to suspend the net above the
ottom. :

Lower: Two Land-locked Salmon caught by the experimental gill net at
& depth of 30 feet. The net had been suspended at a depth level of 30 feet
in water 80 feet deep. Lily Bay, August 3, 1944,

MAINE DEVELOPMENT COMMISSION PHOTOR

PLATE ¥

by the gill nets were taken to the field labora-
tory, where they were weighed and me , seal
i B oy S m.qaﬁmm = asured, scale samples were saved for

Upper:  All fish collected

; m the stomachs were saved for food analyses.
ower! Part of the survey personnel examining fis lleeti
Vool k1 ning fish collectionz taken

MAINE DEVELOEPMENT COMMIBEION PHOTOS,



PLATE VI
Gill net collections from Moosehead Lake,

Upper: TFrom North Bay, near Center Island, August 22, 1944, from a
water depth of 45 to 63 feet. Five Brook Troot, 2 Togue, 1 Land-locked
Salmon, 2 Menominee Whitefish, 1 Cusk, and 3 Fine-scaled Suckers. The
salmon (upper right) was 21.8 inches long and weighed 8 pounds, Al
ouUnces.

Middle: From off Hardserabble Point, August 18, 19044, from a water
depth of 47 to 58 feet. Two Togue, 1 Common Whitefish, 3 Common Svekers,
and 26 Fine-sealed Suckers.

Lower: From North Bay, near Center Island, August 22, 1944, Trom a
water depth of 44 to 45 feet. One Brook Trout, B Togue, 2 Cornmon White-
fish, 1 Menominee Whitefish, 2 Cusk, and 3 Fine-scaled Suckers, The Brook
Trout (the largest fish) was 209 inches leng, end weighed 3 pounds, 13
ounces.
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PLATE VII
Gill net collections from Moosehead Take,

Upper: From west of Farm Island, August 16, 1944, from a water
depth of 83 to 102 fest. One Cusk, 5 Fine-scaled Suckers, 1 Common White-
fish, and 5 Togue. The Cusk was 25.8 inches long and weighed 4 pounds,
12 ounces.

Middle: From Lily Bay, August 1 1944, from a water depth of 38 to
48 feet. One Fine-scaled mnn—ﬁﬂ 1 im:aEEm». Whitefish, 2 Brook Trout,
9 Cusk, and B Common Suckers.

Lower: From west of Farm Island August 17, 1944, from a water

depth of 70 ta 100 feet. Six Togue, 14 Fine-scaled nnnwﬁ.? 1 Cusk, and 1 .

Common Sucker. The largest Togue was 21.7 inches long, and weighed
3 pounds, 3% punces,
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FPLATE VIII
Gill net colleetionz from Moosehead Lake.

Upper: From Big Dueck Cove, July 11, 1944, from s water depth of 26
to 27 feet. Eleven Brook Trout, 1 Cusk, 1 Land-locked Salmon, 5 Togue,
8 Common Suckers, 1 Common Whitefish, and 8 Manominee Whitefish, The
three largest Brook Trout were 23.5, 214, and 206 inches long, 5 pounds
4 ounces, 4 nds 15 ounees, and 2 pounds 8 ounces in weight, and had
lived ﬁwwaﬂn.%am-. 6, and 5 winters, respectively,

EEEP.M_EE wﬂm, uunrnnﬂmuuiw“; 1944, from a water depth of
G5 to 75 feet. One Togue (the large fish), 4 Fine-scaled Suckers, and 1
Menominee Whitefish. The Togue was 4.9 inches long, and weighed 11
pounds, 11% ounces.

Lower: From Spencer Bay, July 18, 1944, from = water depth of 28 to
24 feet, Seventeen Brook rout, 6% Common Suckers, 3 Togue, and 1
Land-locked Salmon,
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PLATE IX
Gill net eollections from Moosehead Lake,
Upper: From east of Farm Island, July 25, 1944, from & water depth of

83 to 65 feet. Two Togue, The larger one was 31.2 inches long, and
weighed 14 pounds, 8 ounces,

Middle: From off Hardscrabble Point, August 18, 1844, from a water
depth of 66 to 87 feet. One Land-locked Salmon and 21 Fine-sealed Suck-
ers. The salmon was 20.2 inches long, and weighed 4 pounds, B ouncez.

Lower: Off the south end of Farm Island, August 18, 1944, from a
water depth of 18 to 21 feet. Ten Common Suckers,
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PLATE X
Gill net collections fram Moozehead Lake,

Upper: From west of Farm Island, August 17, 1844, from a water
depth of 100 to 10R feet. One Togue, 2 Cusk, and 1 Fins-sealod Sueker,
The Togue was 27.2 inches long, and weighed 9 pounds, 13 ounces,

Middle: Along the west shore of Kineo, June 29, 1544, from a water
-depth of 52 to 55 feet. Twelva Fine-sealed Suckers, 12 Togue, 5 Commaon
Suckers, and 3 Cusk. The largest Togue weighed 3 pounds, 12% ounces,

Lower: West of the south end of Farm Island, June 22, 1944, from =
waler depth of 76 to 100 feet, Thirteen Togue, & m._Em-mannn Buckers, and
1 Common Sucker, The three largest Togue were 25.8, 28.1, and 257
inches long, 13 pounds 0 ourices, 9 pounds 15%% cunces, and 8 pounds 10
annn_mm Hw._ weight, and had lived through 11, 8, and 10 winterz of life, re-
spectively,

As a summary, Plates VI to X, incl., show & total of 57 Togue, 36 Brook
Trout, 4 Land-locked Salmon, 8 Menomines Whitefizh, § Common White-
fish, 108 Common Suckers, 94 Fine-zealad Suckers, and 20 Cusk. Thesa
totals are roughly representative of the totals for these species caught in
our gill nets (see Table XI of this report). Furthermore, the fishes shown
on these plates are fairly representative of the size range of fishes eaught
by the neta, Therefore, Plates VI to X are believed to represent the Een-
eral compesition of the fauns of larger fishes (over & to 9 inches long) in
Moosehead Lake, with the exception that salmon are more abundant than
is indicated by these eollections (see text), Each of these rhotos shows the
fishes caught by one net in one over-night set,
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PLATE XI
Gill net collections from Haymock Lalke,

Upper: From a water depth of 21 to 25 feet, August 8, 1944, One Brook
Trout, 14 Common Suckers, and 1 Crayfish,

Middle: From a water depth of 55 to 56 feet, August 9, 1944. Nine
Togue and 8 Common Suckers. The largest Togue was 20.9 inches long,
and weighed & pounds.

Lower: From a water depth of 3 to 9 feet, August 10, 1944, Pive Com-
mon Suckers and 3 Fallfish. The largest Fallfish was 18,5 inches long, and
weighed 2 pounds, 9 cunces.
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PLATE XII
Gill net eollections from Haymock Lake.

Upper: From a water depth of 26 to 86 feet, August 10, 1944. Nine
Brook Trout, 4 Togue, and 10 Common Suckers. The argest Brook Trout
(opper left) was 19.7 inches, and weighed 2 pounds, 143 ounces.

Middle: From a water depth of 40 to 41 feet, A st 11, 1944, Twelve
Togue and 8 Common Suckers. These Togue ranged from 2 pounds, 234
ounces to 2 pounds, 16% ounces in weight.

Lower: From a water depth of 32 to 34 feet, August 11, 1944, Twelve

Togue and 18 Common Suckers. The largest Togue weighed 3 pounds, 6
ounces, and most of them weighed over 2 pounds.
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PLATE XIII

Ha ck Lake, in T. 7 and T. 8, R. 11, Piscataquis County, Maine. Two
imi%ﬁ:ﬁuﬁm east end of the lake, Auvgust 13, 1944. Upper photo is looking
northeast. Lower photo is looking south.
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PLATE X1V

Upper: Haymock Lake, Looking south across the lake from = tem-
porary dock st the lake survey campsite. August 14, 1944,

Leower: Smith Brook, the cutlet of Haymock Lake, about 200 yards be-
low the lake. Lake survey party making a seine collection.
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PLATE XV
Seales of Brook Trout.

A.—Haymock Lake, Augost 10, 1944 Immature male, total length 9.1
inches, weight 4.1 ounees. Fish in its third summer of life, The seals
shows two year marks, plus seven eirculi in the anterior fiald {upper in the
u#agmumﬁyw. representing growth during 1844,

B.—North Bay of Meoosehead Lake, July 12, 1944, Immature female,
length 8.7 inches, weight 4.0 ounces. Fish in its third summer of life. Win.
ter marks numbered 1 and 2.

C.—Spencer Bay of Moosehead Lake. July 18, 1944, Immature male,
length 9.4 inches, .Em_%._—w 4.4 ounces. Fish in itz third summer. Wintar
marks numbered 1 and 2.

D—Lily Bay of Moosehead Lake. August 1, 1944, Immature mals,
length 13.5 inches, weight 16.0 ounces. Fish in its fifth summer of life,
Winter marks numbered 1 to 4.
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PLATE XVI
Scales of Brook Trout.

A~—From just north of Sugar Island on Muoosehead Lake, August §,
1344, An adult female, length 15.6 inches, weight 2 pounds, 14 ounces.
The scale shows five winter marks, and a relatively large sixth-summer
scale growth which would indicate that thiz fish had nearly eompleted itz
1944 growth by August 3.

B—From Lily Bay of Mooschead Lake. August 1, 1544, An adult
female, 1 15.1 inches, weight 1 pound, 10 ounces. Fish in its fifth
summer of life, Four winter marks are numbered 1 to 4.

C.—A 19%-inch Brook Trout, weighing 3 pounds, 12 ounees, caught in
Moosehead Lake, September 28, 1892, and recorded in the fish-record boolk
at Wilson's Camp. The scale shows 4 winter marks; the fish had lived
through 6 growing seasons (including 1892),
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PLATE XVII

A.—Scale of a Togue or Lake Trout. North Bay of Moosehead Lake.
August 25, 1944, Immatore Eﬂmmbnmnhnr 9.8 inches, weight 4.6 ounces.

Fish in its third summer of life.
bered 1 and 2.

B—Togue from Moosehead Lake, north of Farm lsland, J uly 14, 1944,

HE.E»EEEEEFHMEE.@ inches, weight 1 pound, 4 sunces. Fish in sixth
summer,

e scale shows two winter marks num-
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PLATE XVIII
Seales of two four-year-old (fifth mﬂiﬁﬁwmmﬂumnﬁn from Moosehead Lake,
1

Winter marks are num to 4.

P,]m__wu.sznﬁ»rwmw, July 12, 1844, Immaturs female, length 13.0
inches, weight 138 ounces,

m]m_ﬂou_ﬁnmnowm_gummﬂun. August 17, 1944, Immature male, length
15.7 inches, weight 1 pound, 1 2,3 ounces.



& o W

PLATE XX
Seale of a Togue, from Moozehead Lake, north of Deer Island. July 6,
PLATE XIX 1344, Adult female, longth 23.3 inches, weight 4 pounds, 8 ounces. This is
Toland, " Saptomber 0s J0be Al Soliom Yosshead Lke, cast of Deex SCpaeated n el Akt phcerei ", Srom two, seales boing incomplotely
5 . Be er 1944, emale, lengt inches, weigl i . 2 F
pounds, 14% ocunces, Fish in its eighth e B Winter marks are num- side of this scale, the characteristics of the winter marks are accentuated.

bered 1 to 7. The lower phota (B) is the entire scale. The upper photo Aceording to our interpretation, this fish waz in jts tenth summer, Winfer
{A) is a further enlargement of the lower, right-hand portion ob B. Most marks are numbered 1 to 9.

Huﬂhm scales are most-easzily read in the poesterio-lateral angle, as indicated
in A,
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PLATE XXI

A—3Scale of a Togue from Haymock Lake, August 8, 19844, Adult
female, length 19.6 inches, weight 2 pounds, 4% ounces. Fish in its eighth
summer,

B.—3cale of a Land-locked Salmon. Moosehead Lalke, east of Deer Is-
land. August 31, 1944. Immature female, length 11.7 inches, weight 8.4
ounces. Fish in its third summer of life. Winter marks numbered 1 and
2. By assuming a direct H.Ewﬂ.ﬁq: relationship between scale measura-
ments and len of the fish, it iz caleulated that this fish was 3.7 inches
long at the end of its second summer. Presumably the first two years Were
umﬂ# in a stream; and most, if net all, of the third sgummer, up to the time
of capture, had been spent in the lake.
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PLATE XXII

Scale of a Land-locked Salmon caught on Moosehead Lake on June 8,
1808, This seale and a record of the fish were obtained at Wilson's Camp.
The fish was 26% inches long, and weighed & pounds, & ounces. This photo
shows most of the anterior {embedded) field of the scale. The fish was be-
ginning itz seventh growing season. Winter marks are numbered 1 to 6.
A break in the growth rhyt {at x) is not considered to be a winter mark,
but, rather, to have oceurred during the fourth summer. The frst winter
mark (at —n.. was more obvious in other seales from this fish, For a dis-
cussion of the spawning mark (at § Sp.}, see caption to Plate XXIIL
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PLATE XXIII

Enlargement of a portion of the same scale shown on Plate XXII. Land-
locked Salmon caught in Moosehead Lake, June 9, 1908, and recorded in the
fish-record book at Wilson's Camp. The salmon was 2B inches long,
weighed 6 pounds, 8 ounces, This portion of the scale shows the great con-
trast between stream growth (from the foeus of the scale out to the second
winter mark) and lake growth (outside of the second winter mark). In
the lower right is also shown the character of a typieal spawning mark on
a salmon scale. This fish had spawned at the end of its fifth yesr. As a
result of maturing and spawning, there was an zbsorption or ercsicn of the
margin of the scale, leaving the margin mu.._mmﬁmu and resulting in a sear
area. When growth was resumed in the sixth summer, the new eireuli (at
5 Sp.) were laid down against the sear line forming a spawning mark.
An apparent interruption in the growth rhythm during the fourth year is
indicated by the line at x: it is not considered to be a winter mark (see
also Plate XXII). Onr this section of the scale, the fourth winter mark was
completely eliminated by the ercsion of the spawning mark after the fifth
growing season (see Plate XXII).
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PLATE XXIV

Seale of a Land-locked Salmon, from Lily Bay of Moosehead Lake,
August 3, 1944, Adult female, length 19.6 inches, weight & pounds, 1%

ounces, Fish in its sixth summer. The seale shows three years of stream
growth followed by two years and part of a third year in the lake,
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PLATE XXV

a Land-locked Salmon, eaught on Moosehead Lake, Eﬁn 5, 1918,
H,_.._.Mnnnwwhﬁ and a record of the fish were obtained fram Wilson's Camp.
The fish was 24 inches long, weighed 6 pounds, 12 ounces. Fish beginning
its geventh growing season (the first two in a stream). The sixth winter
mark did not reproduce well in this photo.
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PLATE XXVI

Seale of & Land-locked Salmon, North Bay of Moozehead Lake, Aungust
22, 1944, Adult female, length 21.8 inches, weight 3 pounds, 3% ouneps,
Fish in itz sixth sammer. The fish possibly spawned at the end of its mh&

Erowing season—see 5 {8p.7).

(28
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