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ANNOUNCEMENT

This is the third of a proposed series of reports on biological sur-
veys of fresh waters of Maine. These surveys are being conducted
by the Maine Department of Inland Fisheries and Game in cooper-
ation with the Zoology Department of the University of Maine.
The first two reports, published in 1939, dealt with streams, ponds

“and lakes in the extreme southwestern part of the state, in York
County and parts of Cumberland and Ozxford counties. The present
report deals with a survey of the six large lakes of the Rangelcy region
collectively known as the Rangeley Lakes. TUmbagog Lake, about
two-thirds of which is in New Hampshire, is not included. These
gix large lakes in the Rangeley chain in western Maine together
with numerous smaller ponds make up the headwaters of the Andro-
seoggin River drainage. This river leaves Maine through Umbagog
Lake on the border, loops southward through New Hampshire and
again enters Maine near Rumford.

R

The present survey was made during the summer of 1939. In
the announcement in the sccond report of the present scries (Ifish
Survey Report No. 2) it was stated that plans for the 1939 survey
were to begin the study of the Androscoggin River system at its
lower end and to continue on northward. Tt scemed advisable, how-
ever, to begin the study of the Androscoggin system with the Range-

ley lakes themselves.  The 1940 survey will be earried on in the lower
r and central parts of the Androscoggin and Kenncbee river drainages.

The two previous reports on lake and stream surveys in Maine
were as follows: Tish Survey Report No. 1, “A Biological Survey
of the Waters of York County and the Southern Part of Cumberland
County, Maine,” 1939; and Fish Survey Report No. 2, “A Biologi-
cal Survey of Thirty-one Lakes and Ponds of the Upper Saco River
and Sebago Lake Drainage Systems in Maine,” August, 1939.
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COURTESY OF THE PORTLAND PRESS HERALD
Aerial view of Village of Rangeley, with Cily Cove of Rangeley Lake in the
Joreground and Haley and Gull ponds in the background

The lower end of Mooselookmeguntic Lake from the southeast, looking
toward Toothaker and Students’ islands
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A fishing scene typical of the Rangeley Lakes
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A BILOALI({)GICAL SURVEY OF THE RANGELEY
IS, WITH SPECIAL REFERENCE
TO THE TROUT AND SALMON

Survey Report No. 3
By Gerald P. Cooper
Assistant Professor of Zoology, University of Maine

INTRODUCTION

The Rangeley lakes are lo i
_1[‘,}11‘(5 stm,(‘s, in Oxford and 14‘1';01?1?1331 15101;51}11;6:?('01"61[16 the W e N
1)()::2}1)11:11(1 b()rdf&}‘, and about 30 miles sot’l’d:ileiwfl'r tjil};e iri\t([mne—.NeW
pound n)rf)dlrilr(l,.im.l)](l)eif‘ (:o.nsm.m.i/o a well defined lake unit C(?;ﬁi;cllzlkl)?l
St ]Lalk,jn(;‘}, (‘)[ limh‘mg‘ to such other unit arcag in th:
ol nehago L q(.:.r he . o]gr':ulo“(thain, Mooschead Take, the
pnd Lake Rzmgele,, I;-i“‘n'l? (Lrvlvd the l.‘lh‘h River chain.  The six lyzu'ger
& o Kange ‘Ly; ),. 1ain with }’Vlll(‘,h this report is concerned have
B, ;L(:,(-/stib](: {)] n‘)xnn:l.(,(\,ly 38.’000 acres. The Rangeley re "‘I'OD
U e Whi(;h 1}: <Lll(:()ll}()l?ll(.ﬁ Ir;om the larger cities in Magine
N “‘nd’w(\,st"L(.;-()(‘)I‘l({ }()i M:uno s most important highways run-'
Dhe s and, 1‘1-()nq(ti ':%1 ',-m state, passes about 30 miles south of
T uls )jlghwzny there are three good roads w/hich
ad nto | ]ﬂm-minét;}; j(.,gjum, th'(s best being Route 4 runnine north-
Arothicn mewly hngtor dl(.)lrl »\_/Iu(-,h the distance is about 43 mﬂes
el of Lonw: Ri(thrdfo I([)(Al’(llv is Ir{(‘mt(s 5. to South Arm at the 1()W/elg'
roion s e 0.{ B,()r? J:L\(‘,. ‘ I'he third entry into the Rangele
fo Wilions Mol ot o in jl,lld ]u’rml,.N(\,w ampshire on Rout 6
, s at the fool of Aziscoos Lake e 16
The Rangeley lakes have 1
o HRangcles s nave long been one of the st i §
mat(;(ff 1‘11 (0,1,111()?:1)12{ :hlu nlw}'(s rf‘,mot(s portions of l\/[ain](?()b[itnafg(sngs? :
éakes considérod i;l ‘SI}I(‘ (;();L(]is:};}b‘ i‘L(n['i)ﬁmlm) XWMd(mS (i six Iarg:
g (idered in 1 » resent port had a total fishing in i
dur Ogjf fiShing‘Sl)i(;:nztzni ];)(11 .(l)‘Vf,ldS,OOO flSh(}I.‘InéLn-d&yS ; rom%rdlls tSF Stl“ttl}cj
ot (-,()nw,id(:r‘;bli 1L¢mtc ‘.th:mt t}m figure was actually much
‘ - stiderable proportion of the fisher i ;
re. ont-ofstan weorable p tion. o the fishermen in the region
e o stat fr(;l ; 025 la\n an.otho.r large proportion are non-resi-
by tounin s from ot 1@;‘} R{Lrts 91‘ an'n& The revenue brought
e Senermen i I?tx -{15 section of'the state, to the local mer;
s annué] pout fCtIh&’ cte., constitutes a large proportion of
oy tegion hual ing 0 _eloqal people. The roads into the Ra,
ontinually being improved and the number of toull"lig‘ss_
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coming into the region is continually increasing'; therefore it see{ns
safe to predict that the importance of the f}shlng tihth% lhlar:;ggpeg
i sh s
ill continue to increase, at least as long as the
f;e(r)r?;?n‘:;ined To meet the continual drain which }‘fhes{ﬁalzoge 1?11}1?2;13
: i ley lakes, the State Fis
fishermen are putting on the Rangeley : ;
%‘rfamse %epartment is stocking the lakes heavily with 31"01410151 anﬁd‘lS ﬁall)r;lglrll.
has been to study the -
The purpose of the present survey . : the fah popu
i i iti hich affeet them in these lakes,
lations and the various conditions w : |
i ‘ogent status of the fish fauna
i der to have an inventory of the present s '
;Illao(l)rto make recommendations on ways in which the fishing can be
maintained and improved. .
The present biological survey of the Ramgul(jy l_akes was made }y
Messrs. M. A. Marston and G. E. Spofford, Wildlife Studen’gs at ‘Fle
Univer.sity‘of Maine, and the writer. The surlvoy was a C()?tlll(l;éz’t?tlg;
: initiated in the summer of 1€
al survey program initiated in .
;)Iflet}i\ejlagirelgeli)epartmgnt of Inland Fisheries and Game, cooperaglrllg
with the Zoology Department at the University of Maine. rl}‘lf, %1‘
survey was financed by the Fish and Game Department. Va uable
assistance and information were obtlained in t.he field work go‘m
the following local Fish and Game Wardens: Chief Warfie;n Rogh r]ay
and Deputy Wardens Alston Robinson, TFrank Phillips, arles
Smart, Fernald Philbrick, and Norman Buck.

The survey was confined mostly to the six large 11\7[1{'88 iri\f the 11{{11111%}()_
: i i the Maine-New Hamp-
ion (not including Umbagog Lake on L ‘ -
L(;lsirr;elgilr(l)e) (namely: Lower Richardson, Upper Richardson, IY{(T()S(:
iookmegun,tic and Cupsuptic, Rangeley, Kennebago, and. Am:i((;i);.
Parmachence Lake in the headwaters of the l\ilat%all(l)(way 1}{1\;((,)1 I;EV( -
he num i raters of the Kennchag ive
age, the numerous ponds in the headwa s of tl e ver
ggginageo and the numerous ponds draining into Rangeley lake
)
were not included in the present study.

ded on from the first part

The actual field survey work was carriec ; m the f 't

of 1']115}7 to the middle of September, 1939. ;Jhié plr(i:(,dl.u(,( *‘Zi?b?:

i ¢ sed in the study of the lakes in C oT-

entially the same as that used in t . : .

T:Edmar}l’d southern Oxford counties in the sull\]?m;r1 ()iT}lf).‘%)S(,)((t(;ll(l::,

) , SCri i vey Report No. 2. 1c procedure

methcds have been deseribed in Survey ) . codure
in - Maine i d t has included the sounding

in lake surveys in -Maine in the past ‘ nding of
i g at e water for trout and salmon. Prev

lakes in order to evaluate the wa _ on. _previor

i 7 : been made on five of the six Rangeley

sounding surveys had already ‘ ‘ Rangelay
i S eCess for the present survey to so

lakes, and it was, therefore, necessary it survey fo sounc

i ' er five lakes had been sounded by the

only Aziscoos. The other. : cen sounded by the {ited

Geological Survey in cooperation wi el > . i

gziizsge Com%nission as follows: Mooselookmeguntic and the Richard

i i 5 irty- lakes and ponds of the

.1 1939. A biolegical survey of thirty-one lg ! e

: Coog)aeé'(,) %i\})er angd Sebago Lake draipage systems in Maine. TFish Survey Re
g(g“rt)eero. 2, Maine Department of Inland Fisheries and Game.

10

son lakes in 1909, and Rangeley and Kennebago lakes in 1910, The
original maps by the Maine State Water Storage Commission giving
these soundings were copied by Kendall (1918)* in his report on the
Rangeley Lakes. The original Maine State Water Storage maps,
and also Kendall’s maps published by the Bureay of fisheries, have
been used with their permission in the present report.

Tests were made on the vertical distribution of temperature, oxygen
and pH of the water in each of the lakes at one or more times dur-
ing the middle or late part of the summer. Studies wore made on the
type of bottom soil and the abundance of bottom food organisms in
cach lake.  Studics were made on the abundance of plankton organ-
isms which constituted g very important link in the food chain of
the fishes present.  The kinds and abundance of fishes were determined
by scining along the shores and by fishing with gill nets in different
parts of cach lake. Stomach contents of the game fishes were anal-
yzed for food habit studies, and studies on age and growth by the
seale method were made on all trout and salmon which were avail-
able. Comparative data on food habits and age and growth of trout
and salmon from several other localities in Maine have been included
for a comparison with the Rangeley material. The present survey has
also included an analysis of the records of previous stocking of fishes
in the Rangeley lakes by the State Vish and Game Department,
and an analysis of a 1939 census by the State Fish and Game Wardens
on the numbers of trout and salmon taken by fishermen from the
lakes. Al of these survey data are presented in the present report
and*are the basis for the recommendations that are given.

The most extensive of previous surveys which have heen made
on the fishes and fishing in the Rangeley region is the report by the
late Dr. W. .. Kendall (1918), “The Rangeley Lakes, Maine; with
special reference to the habits of the fishes, fish culture, and angling,”
United States Bureau of Fisheries Document No. 861 This report
was based on a ficld survey, made by a United States Burcau of
IPisheries investigating party under the dircction of Dr. Kendall,
of Umbagog Take during the summer of 1905. Dr. Kendall had also
made numerous observations on conditions in the Rangeley lakes,
and these were included in his 1918 report.  The chief emphases of
the report were on the physical descriptions of the lakes, the kinds,
abundance, and habits of the fishes present, and the history of stock-
ing, of fish abundance, and.of catch records. Numerous references

nre made throughout the present report to Dr. Kendall’s survey and
report of 1918,

* Kendall, W. C.: 1918, The Rangeley Lakes, Maine; with special reference

to the habits of fishes, fish culture, and angling, Bull. U, S. Bur. Fish., vol. 35,
PP, A86-594.  U. 8. Bur. Fish. Doe. No. 861,
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GENERAL CHARACTERISTICS OF LAKES®

Physical and chemical characteristics. Temperate lakes under-
go scasonal changes in their physical, chemical, and, to some extent,
biological conditions. These changes are of utmost importance to
fish life. A discussion of these changes is given at this time in order
to aid the reader in evaluating the water analysis data which are
given in a later part of this report. Scasonal changes in tempera-
ture are the most striking of all the changes in physical conditions
in lakes, and these changes in femperature are very important to
all of those fishes (including trout and salmon) which need cold water.
Most seasonal changes in chemical conditions are dependent upon
the water temperature cycle. The water temperature eyele is largely
dependent upon two facts: (1) the maximum density of water oceurs
at a temperature of 4°C. (39° F.), that is, a unit volume of water is
heavier at 4° C. than at either a colder or warmer temperature; and
(2) water in lakes is heated mostly by contact with the air at the
surface. )

Tach year, lakes in Maine pass through four distinct stages with
respect to water temperature. In a large (over 1,000 acres) and
deep (100 feet or more) lake, the distribution of temperature dur-
ing these four stages is approximately as follows:

1. Mid-winler stagnation stage: Lasting from December until
the ice “‘goes out” in carly spring. Water temperature 32° I,
just below the ice and becoming gradually warmer toward
the bottom; seldom warmer than 39° F. on the bottom and
usually not over 36° to 38° 17, During this period there is practie-
ally no movement of the water.

2. Spring turnover stage: Begins usually only a few days after
the ice disappears in the spring, and lasts only a few days de-
pending upon the amount of wind and the air temperature.
Water temperature uniform from top to bottom and at or near
39° 1", Wind action produces water eurrents which roll and mix
the water completely from top to bottom.

3. Summer stagnation stage: Commences immediately after the
spring turnover stage and continues as long as warm weather

s The following two sections of this report, namely “General Characteristies of
Lakes” and ‘“Requirements of Trout, Salmon, and Smelt” have been extracted,
with slight alterations, from Survey Report No. 2. The sections are repeated here
because the information is of considerable aid in interpreting the survey data on
water analyses, and because the supply of Survey Report No. 2 is nearly exhausted
and therefore not generally available to the fishermen in the Rangeley region.
Tor & much more complete discussion of the physical and chemical characteristics
of lakes, see Welch, Paul S.: 1935. Limnology. MeGraw Hill Book Co., New

York. 471 p.
12

lasts, usually into September. During this period

may be divided into three distinet gepth Il)"egionSJD h:nlatl;zvl\;a;s?;q
of tem'pera’gure: (a) An upper layer (epilimnion) in which the
water is quite uniformly warm (in large lakes this layer extends
down about 18 to 25 feet or more; the temperature at 20 feet
would bg perhaps 2 or 3 degrees colder than at the surface);
(b) a middle layer (mesolimnion or thermocline) extendin,
from a depth of about 20 feet to 30 or 35 feet, thr,ough Whic}%
there is a very sharp drop in temperature with increase in depth
(foor o‘xamplc: .13110 temperature might be 76° I'. at 20 feet, and
50 '1<. at 35 feet); and (c) a lower layer (hypolimnion), ex-
tendlng from 30 or 35 feet to the bottom, through whi(;h the
drop in temperature is very slight compared to depth (for
exgmplo: 50° . at 35 feet, and 44° F. at 100 feet) l During
this summer stagnation period, the warmer water 1% on to%
beeause it is the lighter, and this difference in weight betweoil
the upper warm and deep cold water is very great. Summer
wave action and water currents tend to foree the warm water
d(l)wn to mix with the cold water below, while the greater W(‘i‘"lit
of the cold water tends to work against this mixing Til(} Vx;az;‘m
water extends down {arther as the summer prog;zvlqsos and the
d(.\,pt;h to which it does finally descend depends upon 1;}1)0 StronfftH
of 1,11.0 mves and water currents which in turn dopoﬁd /u;on
the size and shape of the lake and the amount of wind action

4. Fall turnover stage: Commences after the lake water has cooled
down to 40° to 45° 1. in the fall and lasts for ,sovo;"alj days
to a week or more (in October or November) d(‘,pvnldiin; u ()(Yk
weather (jf)nditi()ns of air temperature and wind. VVz/Lt(‘r rom I)0)1Ti
:L‘tllr'(‘, u.ml()r'm from top to bottom until the water (70(/)1.%‘, f()K3IS)°
I m'rshgl_ltly _loss.. Water “rolls” and mixes from top to bottom
due to wind action.

The change from one to another, of these : stages i
mostly quiti gradual (l(u(t(ioulfl(l)ll]}E/ilg:lloi])tf:i?i((/l (llef)\'m ?t&%-’ﬁs . ]it.k(‘ﬁ, o
. te grad : , speethe heat of water.  After the
ice disappears in the spring, the 32° ¥, water at the surface in cont
with warmer air beging to heat up.  As it doces so, it b(‘(*oﬁ‘loq l(n ?Ot
and sinks 1;(3 mix with and displace the colder ’Vvat(sf /bol();v 1(41%}191'
process continues until all the water in the lake is at 39‘5 I "Lnd H:
its maximum density.  Since there is then no difference iﬁ ‘w 'ri"
between different layers of the water, a moderate v&;in’d ccm r liﬂ%l X
water from top to botom. As the surface water now comes in c(c))ntali
with tl}c warmer air, its temperature rises above 39° F. and its wei lct
per gn1t volume decreases. This warm water now stays on ‘;0 o ld
f',ontlnues to do so as the lake warms up during the summer I')I,‘l? .
is then the summer stagnation stage as described under “3’.’ ab vo,
When the water begins to cool in the fall the process is rever(s)Zg.i
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oling at the surface becomes he.uvier anc‘i sinks to dis-

glgie“‘;izezv;fmer %vater just beflow. Ehistcogfzft‘cl)ﬁ un%lhzll v;:fezvisfﬁ
i i erature irom top 10 / . wil
}oshe(;f ?exig;ﬁ)raigﬁ in temperature from top to bottom ugl‘:o[;l 1E
cools to 39° F. Thereafter, as the surface w.ute.r 00(1)15 belogv %ﬁereﬁ’) ;e
becomes lighter than the warmer Wate? ;}ustf b.c oW allt?he therefore
stays on top; this process contlnue‘s‘ 1,1’nt11 ice forms on
conditions are as deseribed under “4” above. o © e

The yearly cycle of dissolved oxygen, pll ( aclcil}‘iy t),marzmture
carbon dioxide content of lake water depcnd.s upon the temp
cycle, and also upon other factors, namely:

1. The inherent ability of cold water to contain more dissolved
oxygen than warm water. .
i ' i 7y ¢ tic plants, and
roduction of oxygen in water by aqua ts, and
> E;lgel?r by the plant plankton in most Maine lakes since the
higher plants are generally rare. -
3. The absorption of oxygen fiom the air by water at the surface.
4. The liberation of carbon dioxide into the air by water at Ithe
surface.
it f organic mud on the
mount and rate of decomposition 0 . X
> g?te‘coin and suspended in the deep water; this deeomgc')srr_,lé)fl
at the bottom removes oxygen and produces carbon dioxide.

6. The removal of oxygen from water by both animal and plant
life, including bacteria. o

7. The liberation of carbon dioxide into water by both animals
and plants.

Of the above factors, Nos. 1, 3, 4, and 5 are prtgbablfyltllle Iz)]vz@t‘i Imi;
i f the chemical properties of 1ake )
D Mo e e e in contact with air at the
ine lakes. When water comes 11l ' b
;?1(;?202/‘[31111"(;pid1y becomes saturated Wlthl ()ﬁ(ygent an(_i Iﬁgféyréf;;‘;
ioxi er 1s ,
its carbon dioxide. Thus, when lake wa :
FI}SISIE ‘S(fpl tso bottom during the spring an(} fatllt tlizloxﬁ)%rttztigiejh‘;lglﬁ
ter from the surface to the )
oxygen content of the wa : face o e e apring turn-
bon dioxide content 18 lova. 0 ing !
?)321’ ﬂ}ll(z)vs?gzer temperature stratification makefs it 1mx%(;lss€;)lleer f(()); Itl}(l)i
, : i tact with the surtace. e
deeper water to come 1n cOn hether or ot
i i h oxygen for trout a alr
this deeper water will retain enoug out and s
d not accumulate too much ca ( ,
throughout the summer, an ' b carbon o
t of water in the hypoli
depend mostly upon the amoun he Do
iti the bottom material. 1n P
the rate of decomposition of he on 2 deep lake
t not be very serious bec
te amount of decomposition mig y °
2fn‘:?1(:e;?e:ence of a large amount of deep cold Wat.e?, in 2 I}?f,of s}slili-
low lake, the same amount of bottom deqomp0s1t10n mig e
ficient to, make all of the deep water unsuitable for fishes.
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Under natural conditions in lakes, the oxygen content and carbon
dioxide content tend to be complementary in their vertical distri-
bution, since those processes which take up oxygen liberate a some-
what corresponding amount of -carbon dioxide. Thus, where the

oxygen content is high, the carbon dioxide is usually low; and vice
versa.

Tests made during the past three years on about fifty Maine lakes
have indicated that most of the natural lakes in southern Maine
are more or less acid, even the upper water in the epilimnion. Sum-
mer tests on all of these lakes indicated that the deep water during
summer is much more “acid” (a higher hydrogen-ion concentration)
than the upper water. This variation in vertical distribution of pH
reflects the variation in vertical distribution of carbon dioxide; that
is, the deeper water is more acid due to the presence of more carbon
dioxide produced by decomposition of bottom material and of organic
material suspended in the hypolimnion. Thus, comparative pH
tests are regarded, for most lakes of Maine, as a fairly good general
index of the amount of carbon dioxide in the deeper water.

The depth to which warm surface water will be driven in lakes by
the end of the summer depends mostly upon the size and shape
of the lake and the amount of wind and wave action. Thus, the
warm water will be driven down to about the same depth in all large
lakes whether they are shallow or deep. This makes the factor of
depth in large lakes very important in determining whether or not
a lake will have cold water for trout or salmon during the hot part of
the summer. Warm water is driven down to a greater depth in large
lakes than in small ones, and this makes the size of the lake and the
amount of protection which it has against the wind of considerable
importance in determining the amount of trout water. In brief, it
might be stated that the ratio of size to depth is the most important
factor in determining how deep the warm water will be driven during
the summer time and, therefore, how far down the trout and salmon
will have to go to find a suitable temperature. Some information
on this relationship between size and depth of lake or pond and depth
to which the warm water (mostly the lower limit of the epilimnion)
does descend is available from the 1938 and 1939 lake surveys. Judg-
ing from analyses made during June, July, and August in 1938 on
lakes and ponds of southern Maine (Survey Report No. 2), it was

estimated that during late summer the warm water (above 70° F.)
extended to a depth of:

17  feet in ponds of 56 to 100 acres in area (average for 5 ponds)

18.7 feet in ponds of 101 to 500 acres in area (average for 15 ponds)
23.3 feet in ponds of 501 to 1,000 acres in area (average for 3 ponds)
25.3 feet in ponds of 1,001 to 2,000 acres in area (average for 4 ponds)
25  feet in one lake of 4,867 acres ’

30 feet in one lake of 28,771 acres
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On the basis of the 1939 survey, it was concluded that the upper
warm-water layer in the Rangeley lakes had extended tp dppths of
30 to 35 feet by the middle of August. These figures indicate for
lakes of various sizes the approximate extent of the upper water
layer which is too warm for trout or salmon during late summer.

The type of pond and consequently the amoun? of decomposition
of bottom mud and organic material suspended in the deep water
are the most important factors determining whether or not the deep
water will keep enough of its oxygen during the summer to support
fish life. The ratio of size of the lake to its depth is important to
the oxygen content only indirectly in that it determlgcs the amount
of the deep water; if the amount of deep cold water is .hu'ge, fohen a
large amount of decomposition of the bottom mud_rmght. still ngt
be sufficient to remove all of the oxygen and there mlgl}t stllllremam
some suitable trout and salmon water. One fact of particular intercst
. at this point is that temperature, oxygen content,_ and pll content
in water in lakes (except during spells of very windy weather) are
quite uniformly stratified; that is, temperature, oxygen, and pl are
each usually about the same at the same depth over the whole lake.

Stability of lakes and ponds. The physical, chemical, and, to some
extent, biological conditions in lakes and pond@ change from year
to year only in proportion to the rate at which bottom material
accumulates in the basin of the lake.

Trom the geologist’s point of view, all lakes are in the process of rapid
extinction by filling in of the lake basins Wl‘uh croded soil and or-
ganic materials from aquatic plants and amm_z?ls. ]'.n deep and .1'(3.111—
tively unproductive lakes with little plant life, this process (.)l ﬁll—
ing in is, by ordinary standards of time, extrem.ely slow; but in t.ho,
final stages in very shallow lakes, the process is much more m}nd.
Fortunately most of Maine’s good trout and salmon lakes are ;)i the
former type, and are changing very little from year to year. Proba-
bly such bodies of water as Sebago lake apd the Rangelpy lakes
have not changed appreciably in their physical and chcmgcal pro-
perties for the past several hundred years or much longer. Probably,
also, such bodies of water will not change much for .centurles to come,
assuming that no large amount of organic pollution will enter.the
lakes. Therefore, the temperature, oxygen, and pH data obt'alnod
during the 1939 survey on the Rangeley lakes should be apphcable
0 these lakes for many years in the future, and the lakes which are
now good trout waters from the standpoints gf ten?per‘ature and
oxygen will probably continue to be so for centuries. The fish popula-
tions in lakes, on the other hand, are Subqect to much more I"apld
changes, especially when new species are 1¥1tr0duced. A contu}ual
knowledge of these changes in each lake is necessary for efficient
fisheries management.
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Classification of lakes. Kuropean limnologists have classified
lakes® according to their physical, chemical, and biological character-
istics into three types: oligotrophic, eutrophic, and dystrophic.  Some
of the important characteristics of these three types of lakes are as
follows:

Oligotrophic lakes
Relatively large amount of deep cold water.
Watcer blue to green and very transparent.
Little or no organic material on the bottom in deep water.
Oxygen content high at all depths and at all seasons.
Aquatic plants rare.
Basic fertility: low in plankton, fairly rich in bottom food or-
ganisms. ‘
Tixcellent for trouts and salmons and other “cold-water’ fishes.

Futrophic lakes

Take shallow with relatively small amount of deep cold water.

Water green to yellow or brownish green and not very trans-
parent.

Large quantity of organic material on the bottom and suspended
in the water.

Little or no oxygen in deep water during the summer.

Aquatic plants abundant.

Bagie fertility: wvery rich in both plankton and bottom food
organisms.

Usually not good trout or salmon water.

Dystrophic lakes

Deep to shallow; in bog surroundings or in old (geologically
speaking) mountains. .

Walter yellow to brown and with low transparency.

Large quantity of organic mud on the bottom.

Little or no oxygen in deep water during the summer.

Aquatic plants rare.

Basic fertility: low in both plankton and bottom food organisms.

Occasionally trout (probably never salmon) in deep dystrophic
lakes; never trout or salmon in shallow or advanced dystrophic
lakes.

Five of the six Rangeley lakes which were studied by the 1939 survey
(namely: Lower Richardson, Upper Richardson, Moosclookmegun-
tic, Rangeley, and Kennebago) are distinetly of the oligotrophic type.
They were found to possess the above-mentioned characteristics of
this type of lake in every detail, with the exception that they had a

¢ See Welch: 1935. Limnology, pp. 310-315.
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genera scarcity of bottom fauna. They are definitely the direct
opposite of the eutrophic type, as characterized above, in every de-
tail; and they are distinctly not of the dystrophic type. Aziscoos
Lake appeared to have several characteristics of both the oligotrophic
type and eutrophic type, and this may be attributable to the fact that
the lake is an artificial body of water of relatively recent origin.

REQUIREMENTS OF TROUT, SALMON, AND SMELT

The development of a scientific stocking policy must of necessity
consider the requirements of the fish species concerned. These basic
requirements of individual species naturally vary somewhat in dif-
ferent parts of the country, as, for example, the requirements of the
Brook Trout in Maine waters are probably somewhat different from
those of Brook Trout in states farther south and west. The require-
ments of our game species are not completely known by any means.
Many of the basie requirements, however, are understood in a gen-
eral way; and these are summarized (based largely on the literature;
to some extent on survey results) for trout and salmon in the present
section. The discussion applies equally well to the Brown Trout and
Rainbow Trout. The requirements of trout and salmon are much
the same in lakes and ponds as in streams. The most important of
these requirements are:

1. Cold water: at least below 75° Fahrenheit, preferably below 70°
. There is considerable evidence that Brook Trout, at least,
will live and do well in water 75° F. and warmer in shallow
ponds where competing warm-water game fishes, such as the
perches, bass and pickerel, are not present. It appears that in
most of the lakes of southern Maine, trout and salmon occupy
the deep and cold water partly because of preference but also
partly because they will not tolerate the competition of the
warm-water species which live mostly in the upper water. The
maximum temperature limit of 70° F., therefore, has been
tentatively set for those lakes of the southern part of Maine
where warm-water game fishes are present. In more northern
waters, such as the Rangeleys, which lack the warm-water
game fishes, water of 70° to 75° F. has been tentatively charac-
ter'zed as marginal trout water.

2. Ozygen: at least 5 parts per million (p.p.m.) of dissolved oxygen
in the water. The minimum oxygen requirement is set by
some investigators at 4 p.p.m.; however, our studies on Maine
lakes have indicated that trout and salmon do best in water
with much more than 5 p.p.m. of oxygen. In determining the
amount of trout or salmon water in a lake during late summer,
it would make little difference whether the minimum was set
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at 5 p.p.m. or 4 p.p.m., because, in those regions where oxygen
is as low as 5 p.p.m., the oxygen content usually varies markedly
with slight change in depth.

3. pH (acid vntensity): of approximately 5.0 to 9.0 for trout, best
above 6.0 for salmon. Trouts can tolerate much more acid water
than many other game fishes. However, a low pIl in deep water
reflects low oxygen and high carbon dioxide which trout and
salmon can not tolerate.

4. Adequate food supply: Trout and salmon up to a length of
about eight inches feed mostly on insects. These must be
mostly bottom insects when trout and salmon are confined to
the deep water in lakes during the summer months. Thus, the
amount of bottom area available to these fish, and the abun-
dance of bottom food organisms arc important. Larger trout
and salmon feed mostly upon small fishes; and, in Maine lakes,
the Smelt is the only small fish which is very abundant in deep
water during the summer. Thus the Smelt is an absolute neces-
sity to the production of large lLand-locked Salmon,® and is
also important to large Brook Trout and Togue (Lake Trout).

3. Spawning grounds: -Brook Trout and salmon are inherently
stream spawners. (Possibly they do spawn in lakes under
certain conditions, but this occurs rarely and is of little general
importance.) Therefore, if stocking of a lake is done with the
idea of establishing a partially or entirely self-sustaining popu-
lation of trout or salmon, the lake should have tributary streams
which offer suitable spawning conditions for the adults and
conditions favorable for good growth of the young for at least
two years.

6. Stream habitets: Young Brook Trout and salmon (also Browns
and Rainbows, but not Toguc) normally live in streams for two
years or more and until they reach a length of at least six to
eight inches. It is biologically unsound to plant trout and
salmon fry (not Togue) in lakes and ponds. Try should be
planted only in suitable tributary streams. If the lake has no
such streams, the fish should be reared in the hatchery to a
length of at least six to eight inches before they are planted in
a lake.

Smelt. Smelt, like the trouts and salmon, live in deep cold water
during most of the summer at temperatures mostly less than 60° F.
Iowever, there are some authentic records which indicate that smelts

" Kendall, W. C.: 1935. The fishes of New England. The Salmon family. Part
'.l.!. The Salmons. Memoirs Boston Society Natural History, Vol. 9, No. 1, see p.
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do oceasionally school at the surface of lakes during the warm sum-
mer months. Judging from the distribution of smelts in the lakes
covered by the 1938 and 1939 surveys, it is believed that their oxygen
requirement is similar to that of trouts and salmon, presumably at
least 5p.p-.m. The adults of the larger race of smelts feed mostly on
small fish; on the other hand, the young smelts and the adults of, the
small race fecd largely on plankton (or micro-organisms) in the water.

Smelt spawning occurs mostly in streams; however, smelts are
known to spawn normally in some lakes, as for instance Lake Cham-
plain on the New York-Vermont linc. Possibly also some popula-
tions of our smallest race of smelts here in Maine spawn only in lakes.
Smelts spawn from late March to early May and the larger race usu-
ally spawns earlier than the smaller one.  The eggs are adhesive and
are stuck on sticks and stones on gravel or rubble bottom.

GENERAL DESCRIPTION OF THE RANGELEY LAKES

The various physical features of the Rangeley lakes have been dis-
cussed in considerable detail in carly reports of the Maine State
Water Storage Commission.” The data given in thesc reports have
been treated extensively by Kendall in his 1918 paper, and are largely
oxtracted from Kendall’s report for the present account. Some of
these data on the physical features of the Rangeley lakes are sum-
marized in Table L

The names of the six Rangeley lakes have been subject to some
change in the recent past, apparently in an attempt to avoid rather
cumbersome names of Indian derivation. The present tendeney of
changing the names of lakes throughout much of the state of Maine
in order to adopt names which are more pronounc able is perbaps
somewhat justified for that reason alone, but on the other hand seems
somewhat regrettable from the standpoint of sentiment and also from
the standpeint of individuality. One of the most conlusing problers
at the present time is the fact that there are so many lakes and ponds
with such names as Mud, Round, Beaver, cte. that a knowledge of
the exact location of a pond is a necessary part of its identity. The
names now in use for the Rangeley lakes are not likely to be confused
with lakes in any other part of the state, and perhaps the tendency
for a change is justified in this instance. The names of the lakes
which have been used in the present report are those which are in
common use by the majority of the local residents The most com-
monly used nameés and also the older and less commonly used ones
for the six lakes are as follows:

¢ See First Annual Report, Maine State Water Storage Commission, January,
1911. ’
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Lower Richardson Lake, originally known as Wellekennebacook.

Upper Richardson Lake, originally known as Molechunkamunk.

Mooselookmeguntic Lake, also spelled Mooselucmaguntic, also
known as Lower Rangeley Lake or Lower Oquossoc Lake.

(lupsuptic Lake, originally a lake separated from Mooselookme-
guntic but subsequently joined to it by a raising of the dam at
Upper Dam.

Rangeley Lake, formerly known as Oquossoc, Upper Oquossoc and
Upper Rangeley.

Kennebago Lake, no other names.

Aziscoos Lake, also spelled Aziscohos, also known as Sawyer Lake.

Aziscoos or Sawyer Lake is entirely an artificial body of water pro-
duced by flooding the original Magalloway River by a dam located
at Wilson’s Mills. The small dam first located at Wilson’s Mills pro-
duced a flowage about one-half the present size of the lake. Sub-
sequently the dam was raised so as to produce the present lake of

TABLE 1. Data on the physical features of the six Rangeley lakes

Critieal temperature
and  oxygen  condi-
tions during August
(estimated  from re-
sults of water an-

El«?va—- Total alyses)
tion Area: Maxi- volume | N
Lake above acres mautn of water:
sea (approxi- depth®: acre feet Water Oxygen
level: mate) feet (upproxi- [ 70°1. or more
feet mube) WATHICr than
extends 5 p.p.a.
down to extends
depth of 1| down to
feet depth of:
Lower Richardson ... .. 1,449 2,000 LOF® 124,000 35 bhottom
Upper Richardson ... ... 1,449 4,200 10R#* 134,000 30 e
Moosclookmeguntic
and Cupsuptic........... 1,467 16, 300 132%* 549,000 35 “
Rangeley ......ovvvieann, 1,618 6,000 144#% 328,000 35 “
Kennebago, .. o...ooveolut 1,777 1,700 116 105,000 30 “
Azircoos (Sawyer).......... 1,517 6,700%%x|  gO** 181,000 30 30 ft.

* Maximum depths somewhat variable due to changes i g
) i b ; ges in water level.
. :I rl\)[atmmum depth gs found by present survey. M
o ata on ared and water volume in Azis b: i
diven by R o618, ziscoos based on a total area of 10.5 square miles as
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about 10.5 square miles in area. The present lake is about 30 years
old. The other five Rangeley lakes are natural bodies of water, but
all contain dams at their outlets and the dams are operated in con-
trolling the flow of water in the ‘Androscoggin River. The present
dams® controlling the levels of the lakes are as follows: The one at
Middle Dam controlling the level of the two Richardson lakes is 22
feet high with a 21-foot head. The dam at Upper Dam controlling
Mooselookmeguntic is 20 feet high with a 14-foot head. The dam on
Rangeley stream controlling Rangeley Lake is 10 feet high with a
4-foot head. The dam controlling the level of Kennebago Lake is
on Kennebago River a short distance below the lake outlet. This
dam has a head of about 20 feet. The dam on the Magalloway River
at the foot of Aziscoos Lake is about 80 feet high with a 47400t head.
All of the dams controlling the five Rangeley lakes (except Aziscoos)
are over 70 years old.

Rangeley, Mooselookmeguntic, Upper Richardson, and Lower
Richardson lakes lie in a closcly connected series extending in a north-
east-southwest direction. Rangeley lake at the head of the series
drains through Rangeley Stream into the north end of Mooselook-
meguntic; this connecting stream drops 50 feet in its two and one-
half mile course. The outlet of Mooselookmeguntic Lake at its
southeast end at Upper Dam cmptics immediately into Upper Rich-
ardson Lake near the middle of its east shore. The two Richardson
lakes are connected by a “narrows’” which maintains essentially lake
conditions. Rapid River, the outlet of Lower Richardson Lake,
leaves the lake near the middle of its west shore and drops about 200
fect in its six-mile course to Umbagog Lake. Kennebago Lake and
especially Aziscoos Lake are somewhat segregated from the main
Rangeley chain. Kennebago Lake has its outlet in the Kennebago
River which drops about 310 feet in its 12-mile course to Mooselook-
meguntic Lake. Aziscoos Lake is a flowed area on the Magalloway
River which empties into the Androscoggin River at the foot of Um-
bagog Lake; it is, therefore, quite independent in drainage from the
other lakes of the Rangeley region. (See maps, TFigures 2 to 6.)

The general clevation above sea level of the Rangeley region is
considerably higher than that of much of the rest of the state of
Maine. The elevation of the two Richardson lakes is 1,449 feet
above sea level, Mooselookmeguntic is 1,467 feet, Rangeley is 1,518
feet, Aziscoos is 1,517 feet, and Kennebago is 1,777 feet.

In actual area Mooselookmeguntic and Cupsuptic lakes together
are nearly as large as the other five lakes combined. Next in order as
to size are Aziscoos, Rangeley, Upper Richardson, Lower Richardson,
and Kennebago, respectively. The actual areas and approximate

6 See footnote p. 20.
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capacity of water volume of each of these Rangeley lakes as quoted
by Kendall from the Maine State Water Storage Commission Report
are as follows:

Area in Volume of
Lake square miles water
Lo(v:er %}Illd)UpPEI‘ Richardson
ogether) ... .................. 13.08 514 billi i
Mooselookmeguntic and Cupsuptic 28 .27 1()4 11]%‘0n cul:‘)[m f??t
Rangeley ....................... 9.76 21« “ou
Kennebago High level ........... 4.13
i Low level . ........... 2.74 50 million “u
AZISCOOS . . .. 10.5 8 billion oo

For the purpose of evaluating each lake with respect to the amount
of trout and salmon water present, the areas of each lake were calcu-
lated 'by using a planimeter on our own prepared maps. These areas
are given in acres in Table I. They agree approximately with the
figures given by the Maine State Water Storage Commission. Like-
wise, for the present survey, the actual volume of water in each lake
was calculated by drawing depth contour lines on the available maps
and determining the area within each depth contour by planimeter
reading. Our own figures on water volume as calculated in this way
are given in Table I; these also agree fairly well with the figures as
given by the Water Storage Commission. The discrepancies which
do ex_is’c between our own figures and those given by the Water Stor-
age Commission are of very little if any significance, in the present
survey procedure of calculating the relative amounts of water suitable
and not suitable for trout and salmon in these lakes.

All 9f the Rangeley lakes except Aziscoos are comparatively deep.
Soundings during the present survey revealed water depths greater
than those indicated by the Water Storage Commission maps on four
Qf the five lakes which had been sounded. These maximum depths
for the various lakes are as follows: Lower Richardson, 100 feet;
Upper Richardson, 108 feet; Mooselookmeguntic, 132 feet; Range:
ley, 149 feet; Kennebago, 116 fect; Aziscoos, 60 feet. It is, (7)f course
possible that there is somewhat deeper water in some or all of thesé
lnkes than indicated by these maximum depths, but the possibility is
slight that the difference is more than a few feet in each instance.

Most of the shore line on the Rangeley lakes is rocky. Areas of
protected shores with an accumulation of mud in the shallow water
are generally very scarce. Stretches of sandy beaches and sandy
shoal areas are fairly prevalent in the Richardson lakes but are very
limited or absent in the others. The raising of the levels from a few
{0 several feet by the present dams produced only a small amount of
submerged and dead timber, or “‘dry-ki,”’ because immediate shores of
the lakes are quite precipitous and the raising of the lake levels has
flooded only a relatively small amount of land.
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RELATION BETWEEN ELEVATION
—1700 AND DATE ICE GOES OUT IN
SOME LAKES IN MAINE

—1600
22
—1500 -
I-KENNEBAGO L .
2-RANGELEY L.
—]400 3_-MOOSELOOKMEGUNTIC L.

4-PIERCE POND (AT CARATUNK)
5_MOOSEHEAD L.
—1300 6_MOXIE L. CEAST MOXIE)
7_EAGLE L. (FISH RIVER CHAIN)
8-CLEARWATER POND (AT FARMINGTON)

- 1200 9_SQUARE L. (FISH RIVER CHAIN)
w 10—ST GEORGES L. (LIBERTY)
Z 1= SEBEC L. (AT DOVER-FOXCROFT) vl
4 —1100 12— GRAND L. (GRAND LAKE STREAM)
13-SEBAGO L.
< J4-GREAT POND (BELGRADE) s
w 000 |5_SHEEPSCOT POND (PALERMO)
n 16— SWAN LAKE (SWANVILLE) . 6
“|7-COLDSTREAM POND (ENFIELD) . :
';J — 900 I8—CHINA L. (CHINA)
o 19— COBBOSSEECONTEE L.
m 20-GARDNERS L. (MARION)
< —800 21-DAMARISCOTTA L.
22-PEMAQUID POND (AT DAMARISCOTTAY
o 23-BISCAY POND (AT DAMARISCOTTA)
W __ 700
w
o
2 —600

ELEVATION
|
IN
o)
)

2) 2223242526 272829301 2 3 4 56 7
(S T T T T T Y A O L A
APRIL MAY
. DATE ICE OUT IN 1940

8 9 10 11 1213 14 1516 |7 18 19 20 2!
AR TR T T A O IO R

A L GROVER

: ‘ 3 P : : @ t
Figure 1. Relation between elevation and the date on which the ice ‘“went ou

in tilgeuspring of 1940 for some lakes and ponds in Maine. Data compiled by Mr.
Archer L. Grover, Deputy Commissioner of the Maine Department of Inland Fish-
eries and Game.
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Rooted vegetation, both submergent and emergent, is generally
very rare in all of the six lakes.” This is undoubtedly associated with
and in part due to the fact that much of the lake bottom in the shoal
areas is either very rocky or composed of shifting sand. Probably
also the continual fluctuation in water levels, caused by drawing
water from the lakes at certain seasons, has played an important role
in preventing the establishment of vegetation.

The Rangeley lakes freeze to a depth of about two to two and one-
half feet and occasionally to a depth of three feet. The date on which
the ice leaves the lakes varies from year to year depending upon the
weather. The ice leaves the lakes of the Rangeley region somewhat
later than in other parts of the state. According to data collected by
Mr. Archer I.. Grover, Deputy Commissioner of the Department of
Inland Fisherics and Game, the dates in 1940 on which ice “went out”
of lakes in diffcrent parts of the state were quite definitely correlated
with altitude (See Fig. 1). According to data compiled by Kendall
(1918), the date on which the ice went out of the Rangeley lakes as
a whole for the years from 1875 to 1915 varied from April 19 to May
98. T'rom the data given by Kendall, it was calculated that the
mean date on which the ice “went out” in the years from 1875 to
1888 was May 15; for 1889 to 1902, it was May 8; for 1903 to 1915,
it was May 6. The fact that the mean date for these three periods
was progressively earlier may or may not have some s'gnificance.
The mean date for the entire period from 1875 to 1915 was May 10.
In the spring of 1940 the ice went out of Mooselookmeguntic on May
16, Rangeley on May 19, and Kennebago on May 20 (See Tig. 1).
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SUITABILITY OF THE WATER IN THE RANGELEY
LAKES FOR TROUT AND SALMON

Analyses on the temperature, dissolved oxygen, and pH (acid
intensity) were made on the water at various depths in these six
Rangeley lakes at various times during the summer of 1939. At
least part of the analyses on cach lnke was made during the most
critical period (for trout and salmon) during the month of August.
Also, at least one set of analyses on cach lake was made at a point
near the deepest water; such analyses gave the range of conditions
of temperature and oxygen throughout the entire depth range of the
lake. Analyses on each lake were sufficient to indicate the general
suitability of the water al varions depths during this late summer
period, for trout and salmon,

Temperatures were taken with a Negretti and Zambra deep sea
reversing thermometer.  Water samples were collected with a Foerst
improved water sampler, analyzed for oxygen by the Winkler method
and for pH with LaMolle color standard solutions and LaMotte indi-
cator solutions. Plankton samples were collected at each water
analysis station. All equipment wag operated on specia water resis-
tant ropes. The complete watcr analyses data are given in Table
IT.  All water analysis stations are indicated on the accompanying
individual maps of each lake.

The vertical distribution of temperature was fairly similar in the
six lakes. The upper warm-water layer of fairly uniform tempera-
ture (epilimnion) extended to about the same level by the end of
August in each of the lakes — about 35 feet in Lower Richardson,
Moosclookmeguntic and Rangeley; and about 30 feet in Upper
Richardson, Kennebago, and Aziscoos. The depths to which this
warm water extended in these -various lakes were somewhat less in
carly July and somewhat greater by September; this was to be
expected, since the upper warm-water layer during the summer is
extended downward by the agitation of surface water due to wind
and waves. This vertical depression of the warm surface waters
not only varies with the scason but also may vary at different loca-
tions on the same lake at any one time, due to direction and intensity
of the wind and wave action. The Scptember 6 temperatures on
Rangeley Lake, taken after a hard west wind had been blowing for
several hours piling waves four to five feet high along the east shore,
were a good example of this local effect of wind action. Near the
east end of the lake, at a point about one mile northeast of Dickson
Island, 67.8°F. water was being driven down from the surface to a
depth of 52 feet, with a very sharp break in temperature between
52 and 55 feet. Four hours later with this west wind still blowing,
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lemperatures were taken at a station about four miles farther west
and just off the mouth of Smith’s Cove (see map, Figure 4). These
temperatures revealed much colder water (62.6° F.) at the surface, a
fairly uniform temperature down to a depth of only 25 feet, and a
marked drop in temperature between depths of 25 and 30 feet. Thus,
this strong west wind producing waves four to five feet high had
tipped the thermocline from a depth of 25 feet at one end of the lake
to a depth of 52 feet near the other end. Effects of wind and wave
action on vertical distribution of temperature were noticed at cer-
tain times on other of the Rangeley lakes, but none were quite so
striking as these conditions on Rangeley Lake on September 6.

The maximum surface water temperatures which were found in
the Rangeley lakes during the summer were strikingly low as com-
parced to temperatures in those lakes in the more southern part of the
state which were studied in 1938 (Maine Fish Survey Report No. 2).
The surface temperatures at the time of analyses on the Rangeley
lakes were:

Lower Richardson
69.1° I". on Aug. 1, dropped to 64.8° F. by Scpt. 13.

Upper Richardson
72.9° ¥. on July 28, dropped to 62.2° I'. by Sept. 12.

Mooselookmeguntic and Cupsuptic
67.3° F. on July 19, 67.6° . and 66.2° F. on July 20, 70.0° F.
and 66.9° I. on July 21, dropped to 62.4° F. and 62.6° I\ by
Sept. 11.
Rangeley
7()_.0° F.oon July 7, 74.1° IV, on July 10, 72.0° I. on Aug. 15, 72.7°
17 on Aug. 16, dropped to 67.8° 1. and 62.6° 1. by Sept. 6.

Kennebago
69.3° I'. and 69.8° I. on Aug. 14.
Aziscoos
73.9° I'. and 73. 0° T, on Aug. 25, 75.4° ", on Aug. 28, 76.0° F.
on Aug 29.

The differences between the above temperatures were undoubtedly
tue more to such scasonal and variable factors as air temperature,
wind disturbances of the water, time of day, ete. than to inherent
differences between the various lakes, because the above tempera-
tures were taken under a variety of conditions and at different times.
It appears from these surface temperature readings that the maxi-
mum summer surface temperatures of these lakes were usually near
or slightly above 70 degrees F. or somewhere between 70 and 75
(It-gl-(ses F. TFairly uniform temperatures of near 70° F. were main-
tnined by frequent strong wind action down to depths of about 30
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to 35 feet during late July and August. By September this uniform
temperature layer was enlarged and pushed downward to depths
near 40 feet, but by this time the actual water temperature of this
uniform surface layer had dropped to the low sixtics and within the
optimum range for trout and salmon. Since the upper warm-water
layer was not in excess of 75° F. and usually much less, during Au-
gust this upper layer can not be regarded as entirely unfavorable for
trout and salmon during this season. Our gill net catehes gave some
indication that trout and salmon were much more abundant in the
colder waters below the epilimnion, and reports by numerous fisher-
men in this region indieated that trout and salmon were more readily
caught in summer months by trolling in deep water. However, our
gill nets sct in the shallow warm water did cateh some trout and
salmon, and salmon jumping at the surface during the middle of the
summer were occasionally seen. Thus, this upper warm-water layer
in the Rangeley lakes, which averages about 70° I, in temperature,
is regarded as marginal or not particularly good trout and salmon
water during the summer, and is probably utilized only ocecasionally
by these fish.

The dissolved oxygen content of the water at different depths was
found to be generally favorable in all of the lakes except in the deep
water of Aziscoos. In the five lakes other than Aaziscoos there were
variations in the oxygen content worthy of note. There were varia-
tions botween the different lakes, in the same lake at different dates,
and between different parts of the same lake on the same date. The
oxygen at the surface and throughout the epilimnion in all of the
lakes was close to saturation and adequate for all fish lite.  There
had been some depletion of oxygen in the deeper waters of all the
lakes by the middle of the sammer, very slight by the time of the
July analyses on Rangeley Lake and more pronounced in the deep
waters of Rangeley by the middle of August. The oxygen values for
the deep waters of the Richardsons were moderately low by July and
August and still Tower by September, but were still at least b p.p.m.
at all depths. In Mooselookmeguntic the oxygen in the deep water
was somewhat depleted by July 20, but in the main part of the lake
the change was only very slight from July 20 to September 11, 1low-
ever, the deep pocket of water just southwest of Student’s Island in
Mooselookmeguntic Take lost considerable of its oxygen between
July 20 and September 11, this being in sharp contrast with the
main body of the lake north of Student’s Island. In Kennebago Lake
there had been some oxygen depletion by August 14 in deep water,
but the oxygen supply was still adequate for trout and salmon at
all depths. The conditions of oxygen in the deep water of Aziscoos
Lake were in sharp contrast to the conditions in the other five lakes.
The oxygen was near saturation at the surface and in the epilimnion
where the water was continually in circulation and in contact with
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the air at the surface; but starting at the lower limit of the epilimnion
or at thor upper limit of the thermocline the oxygen was gfeatly de-
pleted. There was no oxygen at all present at depths of 40 feet or
morc zmd there was very little oxygen below 30 feet. It was /c%ti—
mated Irom these analyses on Aziscoos in late August that O;IOI; a
month earlier during July there would be too little oxygen for t/rout
or salmon below a depth of about 30 feet. By the middle of August
the oxygen dpplution extending up from the bottom had reached fhe
!owor limit of the upper warm-water layer and thus completely elim-
inated any good trout and salmon water in the lake. o

' To summarize the conditions of oxygen in the deep water of these
six .'R:mgcl(ey lakes, it ean be stated that the five natural lakes in the
ch:un,' namely, the two Richardsons, Mooselookmeguntic, Rangele J
and Kennebago, have adequate oxygen supply for trout ;nd %‘Llﬁ1gr;
at all depths during the entire summer. Of these five lakes i{‘an e-
ley, Moosclookmeguntic, and Kennebago are slightly better’ in oij -
gen supply than the two Richardsons, and the oxygen supply :iyn
R:mgz;(tl(\,y is perhaps slightly better than that of Mooselookmeguntic
and Kennebago. The deep water of Aziscoos Lake is so d(\,pl(l\,lij;od ()f
OXygen by August as to be entircly inaccessible to trout and S{lh’n()]’l
This extreme oxygen depletion automatically relegates Aziscoos to L
category centirely separate from the other five Rangeley lakes. k (

Data on temperature and oxygen supply ol the water at different
depths in the lakes were used to ealeulate the amount of W‘Li‘(xr’a/nd
amount of hottom area within the upper warm-water zone ()l'( II‘I/‘LI‘O‘in—
al trout and salmon water, the amounts within the iowor(d:o >-
water zone ol good trout and salmon water, and in the ease (;f' A7115—
coos, the amounts within the deep-water zone of oxygen (i(‘p]oti;)h
In making these calculations the upper temperature limit ’of’ ood
trou{j and salmon water was set at 70° 1. and the 11'1inim1u,n ()X)gfgon
requirement. was set at 5 p.pan. The caleulations were based (;n
conditions as they oceurred during the month of A.ugusﬂ / 'l‘ilA(‘ criti-
:‘ELI temperature and oxygen depths ol these six lakes él.I'CA gi{z(*n in
l%blc L By drawing contours on the outline maps of cach Iaké and
using the soundings given on the United States CGeological Sur(ve
and Main(‘, Water Storage Commission maps and our ownl soundin, }sr
on Ag]scoos, the arcas within the different depth contours were d{i—
termined by planimeter.  The arcas within these depth cohtours
were assumed to be the same as the actual bottom areas, and the
volume of water between the different depth contours W()‘I'(‘ calcu-/
I:_n,l‘(sd by assuming the lake to be a series of frustums. The éf(/)remen—
tioned depths for the lower limits of the upper warm-water zZone were
used, namely: 35 feet for Lower Richardson, Mooselookmeguntic
n‘n(.l Rangeley; and 30 feet for Upper Richardson, Kennebago an(i
Aziscoos.  Oxygen was considered to be adequate,at all depth’s for
nll exeept Aziscoos; oxygen depletion was estimated to extend up to
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TABLE I1. Water Analyses. Vertical distribution of temperature, oxygen

and pH in the six Rangeley Lakes, from analyses* made during the TABLE II. Water analyses—Continued

summer of 1939
. Depth | Temper-
Depth | Temper- Lake, location, date, time, station i b .
Lake, location, date, time, station, in ature |Oxygen: ’ water dep’th, ete. ’ fgelt atolge, O;(}I;gsln. pH

feet ° I p.-p.m. prH

water depth, ete.

UPPER RICHARDSON LAKE, Richard- | Surface | 72.5 8.7 6.9

LOWER RICHARDSON LAKE, C Twp., i Surface | 69.1 8.6 6.9 sontown Twp., T.4, R.1, Oxford Co 5 793
Osfoed Co 5 | 691 " o July 28,1:00 to 2:15 .M. | 10 | 70.7
August 1, 1:30 to 2:30 P.M. 10 639 Station: between Black Point and Half Moon 15 66.9
Station: 34 mile west of 15 68.9 Cove. 20 64.8 o
Hardscrable Point. 20 | 68.9 - . Depth of water: 69 ft. 25 | 62.2 3 9 v
Depth of water: 100 ft. 25 68.7 8.5 6.9 South wind. Waves: 20 inches. 30 57 5 8.2 6.5
Strong west wind. 30 68.5 L. - ‘?5 54'9 2 .
Waves: 314 ft. high. 35 61.5 7.9 6.5 10 i 9 6.3
ig 28(1) 45 :532
50 | 52.5 8.5 6.2 gg g;z:i 7.7 6.3
60 | 49.1 - N, 51.
70 | 48.0 . 69 | 50.9 7.2 6.1
80 47 .7 8.5 6.1 e —
90 46.7 L. ... UPPER RICIARDS e e
100 | 46.4 8.0 6.1 i SHARDSON LAKE, Richard- | Surfac ‘ ‘
sontown Twp., T4, R.1, Oxford Co. burfdg ) ;ﬁ 'g 56 69
R - July 28, 3:00 to 4:15 P.M. 10 799 T e
Station: 1 mile east of Big Beaver Island. 15 725
LOWER RICHARDSON LAKE, Magal- Surface | 69.1 | 8.5 | 6.9 Depth of water: 108 ft, 20 | 660
loway Twp., Oxford Co. 5 69.1 o . South wind. Waves: 20 inches. 25 64 0 S o
August 1, 3:30 to 4:30 P.M. 10 69.1 50 . 8.2 6.6
Station: 14 mile south of 15 69.1 ;;5 !_)9 2 o ...
Jackson Point. 20 68.9 . . 46 e P .9 6.3
Depth of water: 80 ft. 25 67.1 8.1 6.7 45 ng
West wind. Waves: 15 inches. 30 61.9 L L. 56 o x S -
35 | 5900 | 7.8 | 6.ax o | o | 7| 82
40 H7.0 70 '51-4
45 | 54 5L
50 | 50.9 8.5 6.2 38 ;83 7.7 6.1
( . .. i . -
0 | 47 100 | 509 | 73 | 44
*n 1T 6 . . racs > o 108 50.7 7.1 6.1
pH 6.4 with Bromeresol Purple. 80 47.1 8.5 6.1 :
UPPER RICHARDSON LAKE. Rich: carfoce | fo
LOWER RICHARDSON LAKE, C Twp., | Swface | 64.8 | 9.0 | 6.8 sontown Twp., T4, .1, Onford (o r0 | Surface 22| 89| 68
Oxford Co. 5 1 62.2 e - Sept. 12, 10:30 A.M. to 12:00 M. 10 | 622
Sept. 13, 2:00 to 3:20 .M. 10 | 62.2 Station: half way between Black Point and 15 62.2
Station : 1 mile east of Middle Dam. 15 62.2 Half Moon Cove. 22) 62.2 : o
Depth of water: 97 ft. 20 62.2 - - Depth of water: 56 ft. 25 62 2 e L
No wind or waves. 25 61.9 9.0 6.8 Strong northwest wind. 50 62 1 8.7 6.8
30 61.7 Waves: 2 ft. high. 35 1
35 61.7 8.9 6.8 0 | e1 8.7 6.8
40 61.7 15 61.7 .-
45 61.0 50 59'2
50 53 .4 7.1 6.2 55 54~1
60 495 . 5.3 6.2
70 48 .4 e e
80 47.9 6.4 6.1
90 47.5 .. -
95 47.3 5.8 6.0

* All temperatures were taken with a Negretti and Zambra Deep Sea Reversing Thermometer.
With three exceptions, all pH values of 5.5 to 6.3 inclusive were from tests made with Bromcresol
Purple indicator, and all pH values of 6.4 to 7.2 were from tests made with Bromthymol Blue indica-
tor; the exceptions are so indicated in the table. Each water analysis station is indicated by an & on
the accompanying outline maps of these lakes.
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TABLE II. Water analyses—Continued
Depth | Temper-

Lake, location, date, time, station, in ature: |Oxygen:
water depth, ete. °F. p.p.m.
UPPER RICHARDSON LAKE, Richard- | Surfuce | 62.2 8.7 6.9
sontown Twp., T.4, R.1, Oxford Co. 5 62.2 .
Sept. 12, 1:30 to 3:00 P.M. 10 62.2
Station: 1 mile west of Upper Dam. 15 62.2
Depth of water: 85 ft. 20 62 .2
Strong northwest wind. 25 62.2 8.7 6.9
Waves: 3 {t. high. 30 62.2
35 62.1 8.7 6.9
40 61.3
45 60.3 .
50 59.4 6.6 6.4
60 56.3 Can
70 55.2
80 53 .4 5.0 6.1

MOOSELOOKMEGUNTIC LAKI, Range-
ley Twp., Franklin Co.
July 19, 1:00 to 2:30 P.M.

Surface | 67.3 8.8 6.8

Station: 34 mile west of Bugle Cove. 15 64.8
Depth of water: 110 ft. 20 64.6
25 64.6 8.8 6.8

Slight north breeze.

Waves: 8 inches. 30 61.2
35 56.7 8.6
40 53.8
45 52.2
50 49.1 .
60 47.5 0.2 6.3
70 46.4 ..
80 46.0 9.5 6.2
90 45.1
100 44 .8 9.4 6.2
105 44 .6
110 44 .1

MOOSELOOKMEGUNTIC LAKE, Range- Surface | 67.6 8.8 6.9
ley Plantation Twp., Yranklin Co. 5 67 ; S .
10 66 .-

July 20, 12:00 M. to 12:45 P.M.

Station: 1 mile north of the eastern tip of 15 66.0

Toothaker Island. 20 65.7 . -
Depth of water: 38 {t. 25 65.3 8.7 6.9
Moderate wind. 30 64.9 o .

35 56 . 8.2 6.4

Waves: 10 inches.
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TABLE II. Water analyses—Continued
Lake, location, date, time, stati Delpth omaper-
" water dep’d’l, ete. seom fégt a’gu}g{a: %nglgn: pH
MOOSELOOKMEGUNTIC LAKE, Ri
ardsontown Twp., T.4, R.1, Oxford C(l)c.h Surfag‘ © ggg 89 69
July 20, 2:45 to 4:15 P.M. 10 | 64.9 . .
Statlonlt 34 mile south of Student’s Island 15 64.9
and 14 mile east of Brandy Point. 20 64.9
Deptl_) of water: 97 ft. 25 64.7 3 7 5.9
No wind or waves. 36 62.8 o 6.9
35 | 585 8.4 6.5
40 | 57.0 . (?I?
45 54.7
gg 53.6 o .
51.4 8.1
gg 50.9 . (.}ﬁ?.’
50.7 8.1
90 | 50.5 . (,SI?
95 50.5 7.9 6.2
MOOSELOOKMEGUNTIC LAKE
town ’l“wp., T.4, R.2, Oxford Co. » Adams- Surface Zigg 58 6.9
%1;1{.21, 2:15 to 300 P'M. 10 | 65.5 . o
ation: 1 mile east of Farringt sle 55 .
Dcpth L mile cush of arrington Island. ég 85.3
No wind or waves. 25 bié 8.8 6.9
30 | 59.9 .. '9
35 | 56.3 8.4 6.3
40 | 53.2 . (.5:3.
45 51.6 ..
50 | 50.4 iy .
60 | 48.9 8.9 6.3
70 | 47.1 8.8 6.2
MOOSELOOKMEGUNTIC L %, Rang S
oy T e ey, AKE, Range- | Surface 234 8.8 6.9
Sept. 11, 9:30 to 11:00 A.M. ' 10 | 62 g . .
Station: 1 mile west of Bugle Cove. 15 62.8
Depth of water: 117 ft. 20 62.
Strong northwest wind. 25 62 g 3 7 6.0
Waves: 3 ft. high. 32) 62.2 8.7 6.9
35 | 62.8 8.7 5.9
40 | 62.8 . (.SI?
§(5) 62.8 L. RN
52.9 7.2 6.4
60 49.8 L. .
'878 47.5 . ..
46.0 7.9 6.2
188 46.0 - .
45.3 7.
110 | 45.3 . .? ??2
117 | 45.3 7.3 6.2
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TABLE II. Water analyses—Continued

S TABLE II. Water analyses — Continued
Depth |Temper-

s ; stati in ature: |Oxygen: ] Depth |Temper-
Lake, loy"d}czl;"aedgﬁeret‘mc’ station, feet ° 10 ppm. | p Lake, location, date, time, station, ig aturg: Oxygen:
wate ‘_p_; _ B B [ e water depth, ete. feet ° R, p.p.m.
0 i TIC! LAKE, Rich- | Swrface | 62.6 9.0 6.9 .
ngl(afg‘rﬂ;&f])r}{,%gcﬁt%ﬂ}%{( 1, Oxtord Co. 18 ((73 ((’ e . R/}ﬂggﬁglﬂg LAKE, Rangeley Twp., Surfa5ce ’;%(13 9.9
Sept. 11, 2:15 to 3:45 D.M. 2.4 Tulv 10, 12:15 0 3: 5
jept. 11 to 3 " , _— 15 | 626 July 10, 12:15 to 3:45 P.M. 10 | 703 9.5
btﬁ;ﬁ? 14 mile southwest of Student’s 20 62.6 i 06 %mtit(l)n:l 34 mile oast of Dickson Island. 15 67.6 ..
o " : 25 62.6 . . Depth of water: 132 ft. 20 62 .2 o
kw‘ ;2 Tt high 35 62.6 8.8 6.9 Waves: 2 ft. high. 30 58.8
aves. o b ' 40 62.6 35 56.5 10.1
45 | 62.4 40 | 55.0 .
50 | 56.8 5.2 6.4 45 | 52.5 .
60 52.7 .- 50 51.9 10.4 5
70 52.2 60 49.6 ..
80 | 51.8 4.5 6.2 70 | 48.2
90 51.8 o 80 47.7 10.4
100 4.3 6.2 90 47.1 ..
110 4.3 6.1 100 46 .4
110 46.0 10.5 5.3
" 120 45.3 10.3 3.3
6.9 125 45.1 10.2 5.2
CUPSUPTIC LAKE, Adamstown Twp., | Surface | 66 .9 8.5 130 44.9 10.1 5.2
T4, R2, Oxford Co. 3 6.3 - —
%léﬁlgr}y 1;&2?u€\-hMa'lft\3ay botween Brown’s 15 64.4 Rf]\ul\'f(nlv‘)!d‘]\: LAKE, Rangeley Twp., | Surface | 72.0 8.8 6.
Tslands and Pleasant Island Camps. 20 64 .4 X 0 A rHl"tl‘ \lll{_” g'.()- N 5 71.6 o
Depth of water: 53 ft. 25 64.0 8.5 ). ugust 15, | 40 to 3 .20 P.M. ] 10 69.9 3.8
N(; NN 30 58 .6 o e Station: 1/3 mile out from Hunter Cove. 15 69.4 -
arE 35 55.6 7.4 6.2 Depth ol water: 77 ft. 20 69.3 .
40 53.8 . N Light west breeze. 25 68.9 8.6
45 52.3 . Waves: 5 inches high. 30 67 .6 .
50 | 52.1 7.3 6.1 35| 61.3 8.5
40 59.9 S
N R [P - 50 | 505 0.7
_ 60 60 | 49.1
RANGELEY LAKI, Rangeley Twp., Surfa;:e (73('_) 9.6 y ;9 32(7 ;Z
e e 5 8.0 D ) 4
]ull‘yhy]llef(l;()(g(;-f%'()() P.M. 10 68.2 9.6 6.9 *pH 6.4 with Bromeresol Purple 77 48.6
St:itioﬁ: 1/3 mile out from mouth of Hunter 128 :’]‘ ; . T ] —
MR . 1 e s .
D(E;)(a/l(,(.)f wators BL{t 25 2(7)(2) 9.8 6.8 R%l;TGlI(Cl!‘N(\: LAKE, Rangeley Twp., Surface | 72.7 8.5
Y b Dracre ’ 30 57. S e anklin Co. 5 72.7 ..
svll‘ghffv‘if: bff{::‘(" 35 | 54.0 1 100 6.6 August 16, 10:45 A.M. to 1:00 .M. 10 | 72.1
aves: 4 inches. 20 536 . o Station: 34 mile cast of Dickson Island. 15 72.0
50 50.0 10.0 6.5 Depth of water: 149 ft. 20 70.7 .
60 49.8 o .. Light west breeze. 25 69.9 8.5
=0 48.92 10.0 (3.4 Waves: 7 inches high. 30 65.8 -
75 | 47.7 9.7 6.3 35 | 60.9 8.2
80 | 47.7 9.7 6.3 40 | 59.0
45 56.3 L.
50 53.6 8.7
60 50.2 ...
70 49.1 L. ..
80 48.9 8.8 .
90 48.0 .. ..
100 47.5 .. ..
110 46 .8 8.9 6.3
120 46 .4 8.7 6.2
\ 130 46.0 8.3 6.3
E a4 140 45.9 8.2 6.1
B 149 145.9 8.2 6.1
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TABLE II. Water analyses—Continued
Depth Tegnper— o
ke, location, date, time, station, in ature: Xygen:
La water depth, ete. feet F. p.p-m. pH
RANGELEY LAKE, Rangeley Twp, Surface g; g
Franklin Co. 1?) 678
Sept. 6, 11:00 A.M. to 12:00 M. 6.8
Station: 1 mile northeast of Dickson Island; 15 678
34 mile north of Haines Point. %(5) 678
Depth of water: 145 ft. 2 678
Strong west wir}d. 30 678
Waves: 4 ft. high. 3 i
45 67.8
50 67.8
52 67.8
55 58.6
60 51.8
65 50.7
70 50.2
80 48.9
100 48.2
120 47.5
145 46 .4
RANGELEY LAKE, Rangeley Twp, Surface gg g
Franklin Co. 5 6.8
Sept. 6, 3:00 to 4:00 P.M. 10 62.8
Station: 14 mile out from the mouth of 15 2.8
Smith’s Cove, 14 mile southeast of 20 21 9
Bonney Point. ;%,g 612
Depth of water: 80 ft. 390 53
Strong west wind. e e
Waves: 214 ft. high. 49 5.4
50 51.4
60 49.5
70 49.3
80 48.6
KENNEBAGO LAKE, T.3, R4, Surface gg‘i 8.5 6.7
Franklin Co. 5 oAk R e
August 14, 10:40 A.M. to 1:00 P.M. 10 9
Station: 14 mile east of Grant’s Camps. 15 22 9
Depth of water: 84 ft. %g 662 5 A
Northwest breeze. o oz . 3.5
Waves: 6 inches. 2 60-3 - . o3
40 53.1 e e
45 49.6 8.3 6.2
50 48.6 e e
60 47.7 8.3 6.1
70 46 i . S
80 46. ... ...
83 46 .2 8.2 6.0
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TABLE II. Water analyses — Concluded
Depth |Termper-
Lake, location, date, time, station, in ature: |Oxygen:
water depth, ete. feet °F. p.p.m. pH
KENNEBAGO LAKE, Davis Twp., T.3, | Surface | 69.8 8.4 6.9
R.3, Ifranklin Co. 5 69.8 . .
August 14, 2:00 to 4:00 P.M. 10 69.8
Station: L4 mile south of Skedaddle Cove. 15 69.8
Depth of water: 107 ft. 20 69.8 L. S
Northwest breeze. 25 69.6 8.3 6.9
Waves: 8 inches. 30 65.7 e e
35 53.8 8.1 6.3
40 50.2 . S
45 48.6 8.5 6.2
50 47.7 - .
60 46.6 8.3 6.1
70 46.2 - e
80 46.2 - .
90 45.8 8.1 6.1
100 45.8 e -
107 45.8 7.8 6.1
AZISCOOS (SAWYER) LAKE, Parker- | Surface | 73.9 9.3 7.1
town T'wp., Oxford Co. 5 73.8 - .
Aug. 25, 1:00 to 2:15 P M. 10 72.7 .. .
Station: off mouth of North Fork Stream. 15 72.3 .. .
Depth of water: 41 ft. 20 69.1 4.5 6.2
No wind or waves. 25 64.9 - o
30 60.1 0.4 5.9
35 55.6 A L.
*pH 6.4 with Bromeresol Purple 40 53.2 0.0 6.4*
AZISCOOS (SAWYER) LAKE, Lincoln | Surface | 73.0 9.6 7.2
Twp., Oxford Co. 5 72.5 S ce.
Aug. 25, 3:50 to 5:00 P.M. 10 72.1 ..
Station: 14 mile east of Aziscoos Dam. 15 70.9 ce oo
Depth of water: 60 ft. 20 69.6 9.0 6.6
South Breeze. 25 66.0 o -
Waves: 4 inches high. 30 60.6 4.0 6.1
35 56.8 . .
40 54 .7 0.0 6.1
45 54.1 N e
50 54.1 L. e
60 50.9 0.0 6.3
AZISCOOS (SAWYER) LAKE, Parker- | Surface | 75.4 8.8 7.0
town Twp., Oxford Co. 5 72.3 S S
August 28, 3:10 to 4:00 P.M. 10 71.8 9.0 7.0
Station: 1 mile southwest of mouth of Lin- 15 71.6 . S
coln Brook. 20 70.3 7.8 6.6
Depth of water: 54 ft. 25 67.8- e .
No wind or waves. 30 61.3 2.1 6.0
35 58.1 o .
40 57.9 0.0 6.0
45 55.9 . .
50 55.9 0.0 6.0
54 55.9 . ..
AZISCOOS (SAWYER) LAKE, Lynchtown | Surface | 76.0 9.1 6.3
Twp., T.5, R.4, Oxford Co. 5 73.6 . S
August 29, 4:00 to 4:30 P.M. 10 71.6 8.0 6.8
Sintion: in Big Eddy at upper end of lake. 15 68.7 .. ...
Dopih of water: 27 ft. 20 68.2 8.3 6.9
No wind or waves. 24 68.2 L. ...
27 59.3 6.1 6.7
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i i lakes with respect to the . . |
iy of temperatore and o o2 Rangeletyen? eyl A a depth of 30 feet in Aziscoos. The calculated volume of water and
suitability of temperature and of oxygen con

d salmon during the muost critical, late summer pe’i"de’ (I,Ifl ﬁxlilgnl—mt arca of the bottom within each zone of each lake are given in Table
an (’IS‘%e figures are only approximately accurate tgetciﬁﬁs) L The upper zone indicated as not good trout and salmon water
tations in the methods of compu ] Is that portion of each lake above the thermocline where the water
Flow much* of lake is, andl is not. good trout o sulion wator during temperature is mostly above 70° F. during the late summer and this
most eritical, lnte nummer period, T BuaN zone is regarded as marginal trout and salmon water. The theoreti-
= | B g cal mid.dl(\, zone is that layer between the warm water above and oxy-
g . E Z g(fn-(l(sf}(:i(»llb water belqw, and is. suitable for trout zmd sz}lmon. The
K g g ? « £ é theoretical lower zone is th_e region of oxygen depletion in the deep-

5 E g ° § 5 est water. In the case of Aziscoos the theoretical middle zone is
Name of Lake g . §§ ,4:5; 5o 5§§ absent, and in the other five Rangeley lakes the theoretical lower
éb? Z% gi‘g %%g §§ e zone is absent.  The bottom area given for each zone is only that

—f’é’% B Eé g 'égfé o Eéa part of the total bottom area of the lake which is directly in contact
ok 235 Eot 255 S85 | Ggd with the water of that zone. The figures given in Table 111 arc pre-
DEE | peE ] HES | PEE sumably only approximately accurate because of various limitations
VOLUME OF WATER of the methods used in setting the limits of the zones and in comput-

) —— ing the actual figures,

Avre feet 4_[_@020@ o It was caleulated  that Mooselookmeguntic, for example, had
Tower Richardson . .........| 74,000 [ 50,000 R f’O_,FiLK - 388,000 acre feet or 71 per cent of its water in the upper warm-water
o Richardson. —nvroi 06,000 | 38,000 0 CL I DA B layer in August, and 161,000 acre feet or 29 per cent good trout and
Qoper Richardsen. - R T 0 salmon water in the middle zone, with no lower zone of oxygen de-
Moosclookmegunhic and 388, 000 161,000 0 _LHZQ o ]\1 \] N M I k 3 . } X o ‘ R
CUPSUDLC. v v v e nerene s 888,000 161,000 | Y e o pletion. — Also In Mooselookmeguntic the upper and warm-water
Rangeley o veee o ooneees| 169,000 .lﬂ‘gﬂ“g,_o__ﬁi-—~~—55-—— T zone covered approximately 9,700 acres or 60 per cent of the lake
Konnehago .- -rocooo| 43,000 | 62,000 | 0 ’L—T#' I bottom; the middle or good trout and salmon zone covered 6,600
ATIS0008 .o aennneneen | 154,000 0 27,000 | 85 acres or 40 per cent of the bottom. If these figures on the actual
R — amount of water in the good trout and salimon zone in each lake dur-

= ing late summer are compared, the lakes ranked in the following
AREA OF LAKE BOllOM__FV,,_,___.,,_,,..‘ order:  Moosclookmeguntic had the most good trout and salmon

— % of total water, followed by Rangeley, Kennebago, Lower Richardson, and

M___'écres T e e U Upper Richardson; Aziscoos had none. 1If the lakes are ranked on

T 1,400 1500 | 0 b ) ] the basis of bottom area within the good trout and salmon zone, the

TT1000 | 2,300 B O IR B order was Mooselookmeguntie, Rangeley, Upper Richardson, Lower

Maosclookmeguntic and 7 71»7—7»(—):—'6’600 0 N I i Ri(f.luu'd.son, and I(nrmelmgo. If they are mnk(‘d 01.17 & pereentage
Cupsuptic...----ooeeee) | 20 L2 S R R P 0 basis of the total water volume and bottom area within the trout
TRangeley .. S| 00 4 8700 0 o B S and salmon zone, the order was much different, with Kennebago the
Kennebago. e 500 1200 40 4 B L PR best, followed by Rangeley, Lower Richardson, Upper Richardson,

Naiaoos L 3,200 0 3,500 ) 48 o and Moosclookmeguntie, respectively.

* Based on estimated depths above whiu‘h. w‘ixg(;ll'"il.‘xmt)uo warm (above 70° F.) and below which Maps of t%le .Rangeley 7‘ Lake.s. ‘ The ilfﬁ(i()lrll)iijnyi{lg ()utlinc. maps
oxygen is deficient (less than 5 p.p.m.) for trout and sa of the lakes give depth soundings, and the survey’s evaluation of

the suitability of the water in the lakes for trout and salmon during
late summer. Those soundings copied from Kendall’s (1918) report
were checked against the original maps now in possession of the
Maine State Water Storage Commission. Permission by the United
States Bureau of Fisheries and the Maine State Water Storage Com-
mission to copy these soundings is gratefully acknowledged. A par-
tinlly deseriptive key to the maps is as follows:
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All numerical figures within outline of lake represent soundings in feet

Water analysis stations indicated by an ®
In the cross-section diagrams headed by ‘‘suitability for trout and salmon during late

summer’’ .
«Suitability”’ means only from the standpoint of temperature and oxygen
¢“Late summer’’ means mostly during August
«water volume’’ refers to all water in the lake
«“Bottom area’ refers to entire lake bottom
<«Warm’” means above 70° Fahrenheit
«Trout’’ means suitable for both trout and salmon

" means less than 5 p.p.m. of dissolved oxygen in the water

“Low oxygen
of water volume and bottom area

Stippled area represents proportionate amount
in the ‘“marginal’’ trout and salmon zone
White area represents amount of water volume
and salmon zone.
Direction arrows indicate true north

All maps by Mr. Gerald E. Spofiord

and bottom area in the good trout

PLANKTON OF TIIE RANGELEY LAKES’

of minute or microscopic organisms, both plants
are {rec living in the water. Because of their
unable to make headway against currents. In
size they range from microseopic forms up to those which attain a
length of a tenth of an inch or more. Those forms which are large
enough to be collected by a plankton net of No. 20 silk bolting eloth
are referred to as net plankton. The young individuals of most spe-
cics of fishes and the adults of many of the smaller species, including
the Smelt, feed mostly on plankton and particularly on the water-
fleas (copepods and cladocera). - Therefore, the planktonts oceupy
an important position in the food chain of adult game fishes, and
the abundance of plankton determines, to a large degree, the fish
producing capacity of any lake. The large crustaceans of the plank-
ton feed on the smaller algae forms, and thereby are the first step in
converting the plant life of a lake into a form uscablé by most fishes.
The plankton populations of lakes vary considerably with the scason
of the year, both in types of organisms and in their numerical abun-
dance; in general, the peaks in total abundance appear in the spring
and in the fall, and the greatest depressions in abundance occur dur-
ing mid-summer and mid-winter. The plankton also varies greatly
in kind and abundance of organisms at different depths, and this is
probably of great importance to lake fishes.

Plankton samples were collected at several stations on each of the
six Rangeley lakes. The samples were collected with a Birge Closing
Net drawn vertically through the water between two chosen depths
and at a rate of 14 meter per second. At most stations hauls were
made from 15 feet to the surface, 35 feet to 15 feet, 75 feet to 35 feet,

Plankton consists
and animals, which
small size, they are

RIS HY

7 Laboratory snalyses of the plankton samples, and the initial writing of this
report on the plankton of the Rangeley lakes, were done by Mr. H. A. Goodwin,
graduate student in Wildlife Conservation at the University of Maine.
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nnd from the bottom up to 75 feet. At each station two samples
were taken within each depth range. The samples were preserved
in 5 per cent formalin, and were analyzed in the laboratory. With
the exception of one alteration® the methods of analysis were the
rame as given in “Field and Laboratory Methods of Lake Survey,”
Appendix B to Fish Survey Report No. 2.

The vertical distributions of kinds and abundance of plankton
forms at the various survey stations are given in Table IV and sum-
marized by lake in Table V and Figure 7. The organisms collected
were found to represent nine major taxonomic groups of animals and
plants, and these groups together with certain of the more impor-
tant genera are discussed in the following:

Copepoda. The copepods, commonly called water-fleas along with
the following group, are of fundamental importance as food for adults
of some species of fish and for the young of most species. These two
groups comprise the macroplankton of fresh-water lakes, and due to
their large size and to their dependence upon the microplankton for
food they are not present in the profusion of the smaller forms. In
many samples the immature forms (naupliz) were more abundant
than the mature forms. The two most common genera were Cyclops
and Diaptomus. The maximum abundance of copepods was en-
countered in Aziscoos lLake; at one station a concentration of 417
per cubic foot was present in the surface layers of water. The great-
est abundance was consistently in the upper layers of water in each
lake, and the numbers decreased as the depth increased. As a whole,
the Rangeley lakes showed a meager population of copepods when
compared with some of the lakes and ponds of the upper Saco River
and Sebago Take drainage systems in Maine.’

Cladocera. This group, also called water-fleas, is also important
from the standpoint of the fish producing capacity of lakes. The
cladocerans were slightly less abundant than the copepods. The
greatest abundance was cencountered in Aziscoos Lake, where sur-
face waters at one station had a concentration of 521 individuals per
cubic foot. The abundance of these organisms in the other lakes was
fairly uniform. Some of the genera commonly encountered were
Daphnia, Bosmina, Macrothriz, and Holopedium. Leptodora and
Polyphemus were present but rare. As with the copepods, the great-
est concentrations of cladocerans were almost invariably near the
surface, and the numbers decreased as the depth inereased. These

8 In quantitative analysis of the macroplankton (copepods and cladocerans)
ten random samples of 1 c. c. were taken from each of the field collections, placed
in a standard counting cell (50 x 20 x 1 mm.), and the total numbers counted in
cach 1 c. e. sample.

1 See footnote p. 10.
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TABLE, IV.

The average 1
foot of lake water wit

umbers of different types of
hin different lake strata an

planktonts,

and the average volume of all plankton, per cubic
d at different dates, as calculated from survey collections

A o number of plankton organisms
Averag per cu. ft. of lake water

In thousands — add ,000

@ ~
S [
ap 2 @
A g a
e o 2
3 =
% 25 & § a §
j % B —~ mo _— 58
e | Nl L 2B s | L |2 |z 23| iRl fT)| 28 2
Date: 1939 Ragge plankton "’QE 8% g § e 22 g - g : g 2
Name of Lake Time: of per cu. ft. E g5 & 5 2 ;| 22 ot 1 -
; ample of lake 23 5 2 3 g £ =% 2% 25
%f?%% Sm If)t water in c.c. 65 65 = £ N o) °
9 176
. 4 75
Richardson Aug. 1 15-0_ 0:})’{) : 4
Tower Richaras sue 2 10 o | H
’ 75-35 0. 09 A
100-75 0. 06 B —
: 36
Aug. 1 15-0 8 (ﬁ s
4:30 P 85-13 S1d
' 75-35 0. 05 : -
: 7 163
5 0.52
t. 13 15-0_ 3
g?(x))() 35-15 0.39 5
' 75-35 0.07
95-75 0.11 —
4 39
50 0. 14
Upper Richardson .{ui%' %8 zl)’g:b on 5
' 69-35 0.10 ] : =
A ] 7 39
July 28 15-0 0.71 %
3:30 35-15 0.25 . 18
' 75-35 0.18 : |
100-75 0.14 . - -
ol 29 — 1z0 1 X 36
; Hl e
29 15-0 0.7 o 30
gué% A 3515 0.21 | o
’ 50-35 0.14 : =
Taww | we | on 25
July 29 15-0_ 0.71 2 2
9:45 A 35-15 0.23
65-33 0.03 —
" o1 ; 61
Sept. 12 15-0_ 0. ‘4)2 5
11:30 A 35-15 0.25
55-35 0.14 - —
o | oa 57
-
Sept. 12 é{?—fil_ 8 -i‘S . 57
250 P 7?.:;33 0.16

Mooselookmeguntic July 19 15-0 1.18 156 209 9 5 5 14 9 43
3:00 P 35-15 0.11 63 7 7 . 7 14
75-35 0.18 28 27 5 2 2 2 2 13

10075 0.14 37 62 11 3 8 e 20

July 20 15-0 0.95 114 161 19 5 5 9 19 57
12:30 P 35-15 0.14 39 25 4 1 18 7 32
July 20 15-0 1.42 242 237 .. 5 14 19 28 67
4:30 P 35-15 0.14 35 14 1 4 4 14 4 28
75-35 0.11 34 28 .. 2 5 5 2 14

95-75 0.07 11 7 11 14 25

July 21 15-0 0.47 100 137 14 5 5 5 9 48
3:00 P 35-15 0.18 25 32 7 | L. 4 4 14 4 32
70-35 0. 10 8 14 3 10 16

July 21 15-0 0.95 24 156 33 | .. .. 14 9 57
4:00 P 35-15 0.18 113 14 | .. . 11 7 28
75-35 0.41 1 7 . o 2 12 12 28

Sept. 11 15-0 0.47 81 81 5 5 100 109
10:30 A 35-15 0. 39 11 18 .. 11 64 1 82
75-35 0.07 23 5 . 4 23 7 34

110-75 0. 20 93 49 4 H 57 8 75

Sept. 11 150 0.66 104 85 9 9 9 232 28 289
3:30 P 35-15 0. 36 25 18 .. 7 . 14 110 18 149
75-35 0.18 53 25 2 2 71 7 84

Cupsuptic July 21 15-0 0.90 161 133 9 | 33 | .. 5 | ... 52 100
12:00 Noon 35-15 0.14 50 80 .. 8B | .. 4| . 14 64
53-35 0.04 27 19 19 1 15 41

July 21 15~0 0.90 194 156 9 | 19 5 9 14 | &7
1:15 P 35-15 0. 11 35 28 7 7 14 28
62-35 0.05 37 21 8 3 11 21
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TABLE IV. Numbers and volume of
' ber of plankton organisms
| Averag;e;nucrg' ?t. of lake water

Tn thousands — add ,000

planktonts — Continued

9¥

= & @
Qs o= E=
: g | &3 g5 | 2
Aol 6 7 o g 81 ¢ s ) =
phete § | 2d s | Zs | 25 2 | 2R 2
lankton &3 s 3 @ s 23 44 + 23 2
1 1939 g:ﬁfr}é pgr cu. ft. '%“z ’gﬂi g g 5 ,.géé 5. :ig é‘é E
Dae: 19 of of lake g3 g% | = £ g | 28 | =% B 22 =
Name of Lake A:A“\Ii' Samﬁle igactecr § : 8 5 2 : g ) = e 2 .
=P .M. in .C. & E
9 62
1 47 260 : 3’?
July 7 . a7 5 i
Rangeley At & ; 2
' - 57
25
July 10 5
3145 P 5
67
36
July 12 :
2:00 P °
28
July 12 2
3:30 P i
39
July 12
: - 33
4:30 ;
Aug. 15 i
3:00 P .
21
Aug. 15 21
3:50 P - )
28
3 0.24 23
Aug. 15 t
4:30 P 8 }4 i1
0.04 .
25
17 3

[ty e
OO

Kennebago Aug. 14 15-0 0.71 H 147 93 9 | 24 | 9| 5 14 14 5 129
1:00 P 35-15 018 I Tt 25 32 7 11 1 ~ 60
75-35 0. 04 32 7 2 - S SO IO o R 14
Aug. 14 15-0 0.47 166 147 9 | 33 | 20 | a3 |... 52 38 | 199
3:30 P 35-15 0.07 11 1 . 707 7 7 4 32
7535 0.05 30 7 200 2 || oL 2 11
10075 0. 06 7 3 . 6 3 11
Aug. 17 15-0 0.43 104 81 5| 43 | 14 | 24 19 28 14 147
3:00 P 35-15 0.11 50 7 AN RO S I 21 67
75-35 0. 04 | e 5 11 2 . 11 23
Aug. 17 15-0 0.43 95 118 5| 43 | 9 100 | 19 33 19 | 228
315 P 35-15 0.07 18 WL |2l | 7 18 ... 16
65-35 0. 05 5 69 2 2 7 2 14
Aug. 17 15-0 0.71 223 5 | 66 5 | 71 5 33 185
345 P 35-15 0.07 35 1 oo, 4 7 18 43
65-35 0.05 L 15 505 s 3 5 21
i

Aziscoos Aug. 25 15-0 0.43 161 3 47 14 e 14 . 81
215 P 35-15 0.07 : 14 4| 1 .. 7 14 i 43
L Aug. 25 15-0 0.43 i 1ar 109 14| 422 .. 5 14 ceo a8
45 P 35-15 0.21 i 117 7 | 135 4 4 7 O T
55-35 0.11 | O 4 7 4 1 85
Aug. 28 15-0 0.24 114 50 19 | 19| 5 14 5 67
3:30 P 3515 0.07 11 18 | 7 25
50-35 0.03 3 31 6 3 8 17
Aug. 29 15-0 0.43 321 71 5 5 28 110

4:30 P




TABLE V. The average numbers of different types of planktonts, and the average

volume of all plankton, per cubic foot of lake water within different
depth strata during the summer of 1939
(Data condensed from Table IV)

MIQ,_&_AI&L;'ME’ IN SC.?ERJCU,FT: {each space = .15c.c)
T T T T T T

Average number of plankton organisms per cu.
ft. of lake water
Average
vol. of In thousands, add , 000
Depth plankton
Name of lake ra})ge ?er %u.
in feet t. o - I~ @ w
lake E § 8 g g o 2a ]
water - I | g |59 g8 g g
in c.c. o [ @ & 3 [ 35 (2w L8 ,E”E'n ,.g
25188 | 5| 8| B |55 8uel aa[ednl &
BE|§E (2| 5|2 EL |8Hg T4 |22 =
RIS 1B 2| 8|87 BEH| g7 e
&) [} '~ o [SE NS T (O] n e i
YLower Richardson 160 0. 54 201 | 108 13 .. 6 | 147 11 | 181
35-15 0.31 35 54 1 7 .. 4 76 4 91
75-35 0.07 17 12 2 1 .- 15 1 18
100(95)-75 0.08 38 12 2 2 9 14 .. 27
Upper Richardson 15-0 0. 57 142 | 159 2 11 10 9 4 64 3| 106
35-15 0.21 63 32 4 5 1 1 4 23 3 41
55(50)—35 0. 14 15 9 2 2 .. .. e 24 .. 41
69(65)—35 0.08 6 20 1 4 .. .. 3 7 1 17
75-35 0.17 57 2 1 2 .. 6 17 1 29
100-75 0.14 42 31 .. 11 e 3 3 11 6 34
Mooselookmeguntic and 15-0 0.87 132 | 150 8 14 2 41 50 12 { 91
Cupsuptic 35-16 0.19 44 24 2 9 2 43 29 5 51
62(53)-35 0.05 32 20 .. 14 2 4 13 .. 31
75(70)-35 0.17 25 17 2 1 1 4 19 3 31
110(1.00)
95)-75 0. 13 43 39 5 7 25 2 40
Rangeley 150 0.74 88 | 141 21 1 2 9 9 17 42
35~15 0.18 21 19 3 1 1 1 4 8| .10 29
75-35 0.09 50 7 1 1 1 1 3 3 1 11
110-75 0.04 37 2 2 2 8 .. . 12
130-75 0.10 58 24 2 1 4 3 1 1
Kennebago 15~0 0. 55 147 88 6 42 12 58 11 32 15 | 158
35-15 0. 10 36 12 .. 14 3 10 5 13 1 49
65-35 0.05 25 34 1 3 4 2 e 4 .. 18
75-35 0.04 26 6 1 5 7 1 .. 4 17
100-75 0. 06 73 .. 3 .. .. 6 3 11 1
Aziscoos 15-0 0. 38 269 | 226 6 | 139 5 6 6 15 N 176
35~15 0.12 54 47 4 55 1 4 9 1 74
55(50)-35 0.07 9 2 2 37 2 b 5 2 51
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Figure 7. Average summer vertical distribution of volume of plankton in the

VI( Rangeley lakes based on 1939 survey collections. Data are from Tables V and
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large and relatively cold-water lakes did not_ appear to havetso lgil(iz:’z
an abundance of cladocerans as was found in the. warm-water lakes

of southern Maine by the 1938 survey.'

. . . imals
Rotifera. The rotifers are minute bul highly g)rgaéntzeddianrgr?(a
; : Thet standir 0~
rteristi fresh water. 'Their most outs .
and are characteristic of ' e for
i ’ liated area near the anterior end & :
ture is the corona, a cilia : rend nCap e one
i aining food. The greatest abun ¢
locomotion and for obtaining : e of these
organisms was found in Rangeley Lake. Some of the gen(,ril(,alc})};?[l
to?ed wore Notholca, Polyarthra, Conochilus, Anuraea, and Philodina.

) . . . . X P - : S.
Protozoa. The protozoans are microscopice, umc(,lhlllar. f(imimi ILllt(,
' / y ages ¢ are classifiec
(o ns of appendages and
Some move about by mea : clasifiod. T
i Vv : rgans they possess.
jor g accor to the type of locomotor o
major groups according X : they possiss.
. - protozoans was found in Azisc
The greatest abundance of p ) A
to 1 > ennebago Lake.
7 in great numbers in K .
Protozoans were also found - bago 1 <.
at ion in Aziscoos
ati ns found at one statio :
The concentration of protozoa n i Ao
Lake was numerically the greatest of any one group of 01‘ gau(riL wmn.(‘
any lake during the summer. Some of the common gener: e
Dinobryon, Ceratium, Synura, and Actinophrys.

i i . often claimed by both Zoolo-

hyta. Those organisms which are o | : boolo-

gi(:ssp agd Botanists are designated ast?iophyIt{a in %nzoreﬁ)slzz. 11\}(1)( nl(n

i S dance was recorded in Kennebago . ,

greatest general abun ( tens » Lake Nond.

kmeguntic an upsup ;

were recorded from Mooseloo akes, wnc
i bundant of all groups of pl

the up was, in general, the least a . ol 5

t{i;él‘() JI&mong’g the geneéa present, Volvox and Eudorina were the

most common.

. ¥ ulal plall( ar & fa,] 181 y } eI
DeSIIlldlaceae 1 h(\/ SC llIllC(&“ S (%] 11 ()1 ‘ l((‘ gwr' H
g . & Iielllle ba g() ]J(] 1&0. 1 ] 1¢ y ere
a l a6 I 1¢ were [n()bt dsbll [ldallt mn
) \ 4 t re p (G 1 Q1Y
O rec 1 W l{l(/ y O were ‘,S(’llt ) [ 1
I t CCOT d(‘d m ower ]13:1 dS()Il I al\e l u . ) (
1 1\t s 1N ( yrey 181[1(1(51 ()i e . O (] G b g.) °
umbe ¢ T€ t/ll 3 13 kes ( ‘ 11 (1 th) 1(15( ( h((‘ ’(’ ])lu%
A;t 2 (4] L Was b y f(lI‘ (h(\ mnos t common. SOIXl(‘, ()t lh(’/ )l/h Y OIm-
o o o O 3 ( narium, K I)h er 067”(17 AU/’ h (l’L’L i
mon NCra sterium , y y
O g(/ C wWere 14)51 oSmar b] Aero08 )i 1 LT

and Micrasterias.

Chlorophyceae. This group includes, .in this )repio'rt, all of 'f‘lﬁf }%r(acrr(l
algae, with the exception of the family _I)e.smz.( (face(itlei.(}h Con,t e
grass-green in color due to the presence of plasti ; ;; o o
high concentration of chlorophyll. The green ag;r h, miribte o
great mumber of species 10 bt 88 BRI st nunmbers
i i ake g .
RN ablé?ggél tflz)rlrrll i/lllogselogkmeguntic and Cupsuptic lakes.' Some
Zfeiierer:lore ,common genera were Ulothriz, Scenedesmus, Pediastrum,

Micractiniwm, Zygnema, and Dictyosphaerium.

1 See footnote p. 10.
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Bacillarieae. Diatoms are widely distributed in fresh water. Of
all the planktonts encountered, two genera of diatoms (Tabellaria
and Asterionella) were recorded most frequently. The greatest abun-
dance of these organisms was found in Lower Richardson Lake. In
general, this was the most abundant group of planktonts in the lakes
as a whole.

Myxophyceae. Members of the blue-green algae are invariably
present in the plankton of fresh-water lakes. The greatest general
abundance was recorded from Rangeley Lake. This group was
third in numerical abundance in the lakes as a whole. Some of the
common gencra were Microcystis, Anabaena, Aphanocapsa, Coelo-
sphaerium; Merismopedia, and Nostoc.

All Plankton. The greatest concentration of plankton was recorded
from Auziscoos Lake. At one station near Azscoos Dam, in the upper
warm water, there was a population of 455,000 planktonts per cubic
foot. Of this number 422,000 were protozoans, chiefly Synura, Cera-
tium, and Dinobryon. The least abundance of plankton was recorded
from the deep water in Rangeley Lake. At three separate stations
on Rangeley Lake, in the deep water hauls, the total plankton popu-
lations amounted to less than 9,000 individuals per cubic foot. The
greatest concentration of plankton in each lake was in the warm sur-
face water (sce Table IV and Figure 7); and the decrease toward the
minimum abundance, with few exceptions, was in relation to increase
in depth. The averaged total numbers in the 15-foot-to-surface
hauls in the different lakes varied from 42,000 planktonts per cubic
foot in Rangeley Lake, to 181,000 planktonts per cubic foot in Lower
Richardson Lake.

A general comparison may be made between the basie fertility of
the Rangeley lakes (Table VI) and the basie fertility of lakes in adja-
cent parts of the country, on the basis of plankton abundance. The
samples colleeted from the Rangeley lakes were taken during that
part of the summer when plankton populations in lakes are usually
on the decline or at their mid-summer minimum in numerieal abun-
dance. The samples, therefore, probably do not constitute a mea-
sure of the maximum plankton production. Both seasonal varia-
tions and variations in depth distribution have been taken into
account in making the following general comparisons.

In a survey of 15 comparatively small and shallow lakes selected
ns representative of the St. Lawrence watershed during June, July,
and August of 1930, Muenscher? (1931) found populations of cope-
pods varying from about 500 to nearly 3,000 individuals per cubic

* Muenscher, W. C.: 1931. Plankton studies in some northern Adirondack
limkes.  In A biological survey of the St. Lawrence Watershed. Suppl. to 20th
Ann. Rept., N. Y. S. Conservation Dept., Albany.

51



J f planktonts, and
. he average numbers of different types o ts,
Tﬁgb}ive}gge ’sl"olume ofgall plankton, per cubic foot of }akg \(;ivatgr w;ltllenn
different depth strata of all six Rangeley lakes combined during
summer of 1939 (Data condensed from Table V)

Average number of plankton organisms per cu. ft. of lake water
In thousands, add ,000
E o
Aw*]ra(gfe @ E ¢ %g :“)35 %
vol. | 3 . g
Depth range | plankton :e‘g ﬁ%" B §:_E E’:‘) @ yE E‘z‘ib :g
in feet pctr Cl%. 3 % EL P § g z g gg E% gg Z
we | EE L E2 | & | 8| £ |EE|Ef |4 A5 | 2
A AR NN R
15-0 0. 66 163 145 8 37 5 13 7 53 10 125
ot
35-15 0.19 42 31 2 15 1 3 10 26 56
26
75-35 0.09 26 13 1 7 2 1 3 11 1
22
130-75 0.08 49 18 1 3 1 1 5 10 2

foot of water, and populations of ncarly 3,000 cladocerans per \(:ub{(j
foot, in the surface waters. The greatest abundance of eoI.)(,}mic‘b;
found in the Rangeley lakes was sh’ghtly more t}}an 400 pin t(li )\1(,
foot, recorded from one station on Aziscoos Lake in a samP 22; (n
in late August; the greatest abundance of cladocerans was : pui
cubic foot recorded from the same sample. The average num_lé(‘,lbr(z

copepods and cladocerans in the Surface waters of 2.111 of “l](,}f tng(—
ley lakes were 163 and 145, respectively. The microplan \t'on 5 in
the lakes of the St. Lawrence watershed were a_lso much Ipor(z -riurrf-
erous than in any of the Rangeley lakes. Thls apparently %1(,a.t(,r
fertility of these northern New York lakes. in plankton p‘r.o( u;iztl()r}u
may be partly attributable to seasongl VaI:lﬁ.tl()nS, but a slgm g{w‘u}n
difference in basie fertility appears obvious frf)m the compan.s?in. P e
Rangeley lakes compared more favorably in pl}ankton produe tI}(l)n
with Lake Champlain, judging from Muenscher’st study on this
lake in 1929. This author’s analyses on samples from one sta’m(én
on Lake Champlain revealed about the same numbers of copepcl) 8
and cladocerans as were found by the 1939 survey on the Rangetey
lakes, a smaller population of protozoans anql rotifers, and adgrea eé
population of other plankton forms. Studies by Burkholder an

ies i in Water-
. C.: 1930. Plankton studies in the Lake Champlain
shleod%\/lulerrt1 Szh’glié)lzgical survey of the Champlain Watershed. Suppl. to 19th Ann.
Rept., N. Y. 8. Conservation Dept., Albany.
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Tresslert (1932) on lakes of the Oswegatchie and Black river systems
in northern New York revealed plankton populations, in comparison
to which the Rangeley lakes have a comparative paucity of plankton.
If a comparison is made on the basis of average volume of plankton
in the upper waters, with lakes of the Merrimack Watershed in New
Hampshire,2 the Rangeley Jakes are apparently much more abun-
dantly supplied with plankton. On the basis of the limited number
of brief comparisons just made, it appears that plankton production
in the Rangeley lakes is quantitatively rather low as compared to
lakes in general. The total quantity of plankton present in these
large Rangeley lakes, on the other hand, is very great, and represents
a far greater potential productivity than does the bottom fauna.
Another important fact is that certain of the larger plankton forms
were abundant in the deep and cold water where they were available
to the Smelt populations.

Three features of the plankton which are measures of general
abundance and importance to fishes are: (1) volume of plankton,
(2) abundance of micro-crustaceans, and (8) total number of plank-
tonts. If the six Rangeley lakes are compared on the basis of these
three {eatures of {the plankton populations, the lakes may be ranked
approximately in the following order: Lower Richardson Lake was
at or near the top in plankton production, followed by Upper Rich-
ardson  Lake, Aziscoos Lake, Moosclookmeguntic and Cupsuptic
lakes, Rangeley Lake, and Kennebago Lake, respectively.

" Burkholder, P. R. and W. L. Tressler: 1932.  Plankton studies in some north-
e New York waters. In A biological survey of the Oswegatchie and Black river
nystems,  Suppl. to 21st Ann. Rept., N. Y. S. Conservation Dept., Albany.

" Hoover, Earl E.: 1938. Stocking policy for the streams and lakes of the Mer-

rimnek watershed. In a Biological survey of the Merrimack watershed. New
Hampshire Fish and Game Dept., Survey Report No. 3.
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uency of each t e of bottom S()il mater lal in the 236 bot
tom Samples from the S1X Range]ey lakes arranged aCCOIdlllg to lake

BOTTOM SOIL AND BOTTOM FAUNA and donth of
of water

OF THE RANGELEY LAKES

Type of bottom soil

Studies on the bottom soil and bottom fauna of the Rangeley lakes

were based on an examination of 236 hottom samples collected with Name of lake, and - w o
an Ekman dredge of a 9-inch by 9-inch bottom area. The distribu- depth of water g g 215, | = 51E8
tion of these samples by lake and date (in 1939) was as follows: 3|2, B - EEAERE £t
Lower Richardson, 21 samples, Aug. 10 to 11 El1E15E° § § TEIE|E eHEHEE
Upper Richardson, 32 e ATl & B} _ M R R s
Mooselookmeguntic and Cupsuptic, 53 samples, July 25 to 26 and :‘f’wer Richardson | 3 5 s
Aug. 14 to 15 ‘ . - Upper Richardson 1 Al T T —‘;_
Rangeley, 61 samples, July 13 to 19 All “ﬁﬁ%"%‘f}%‘;ﬁ;ﬁgntic ) — il
Kennebago, 42 samples, Aug. 21 to 25 depths F— S I A e 9 32
Aziscoos, 27 samples, Aug. 29 to 31 Koni & Sl R N I 510 1 s
, _ [Mennebago | 8| 1| 6] 2 P I

All samples were taken in the daytime, mostly between 9 A M. | Asiscoos B B 2l A
and 5 P.M. The samples were from localities scattered fairly uni- ey =5 I NN SR A N
formly over each lake. The depth of water and the type of bottom 140 P e v e L R . R I R
goil material were noted for cach sample. In each the entire sample 11260 '3 61 38 713 10
was passed through brass sieves with No. 20 or No. 40 mesh. The e o ol I O T B I I 2 R
No. 20 mesh sieve was used only when it was evident that very small ! 2 T Yy
organisms were not passing through it. The organisms were pre- s1-190 et o e
served in 70 per cent aleohol, and the samples were analyzed in the 101-120 ~ R e 6
121-138 —— SR

Jaboratory. Ldentification of the bottom organisms! was made
mostly only to orders and families. The total number of each type
of organism was counted and the total volume of each type was de-
termined by water displacement. In the measurements on volume
the excess water was drained off from the organisms and the volume
readings were made in graduated test tubes with tapered bottom.
On volume quantities of less than one cubic centimeter (¢. e.), the
volume was read with a fair degree of accuracy to the nearest 0.02 ¢. ¢.
With lesser quantities the volumes were estimated.  With volumes
over 1 c. c. accurate measurements were made to the nearest 0.1c. c.
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Bottom Soil. Bottom soils in the samples were classified accord-
ing to distinet soil types and combinations of soil types into 12 differ-
ent categories (given in Table VII). Most catogories are gelf-explan-
atory: two, however, may need further explanation. The material
referred to as mud was mostly very fine and light inorganic silt, and
contained very liftle coarse organic detritus. The material referred
to as mineral concretions was encountered in bottom samples from
Rangeley and Kennebago lakes and was also collected from Moose-

13 The identifications of most of the organisms in these bottom samples were
checked by Dr. C. O. Dirks, Associate Professor of Entomology, University of

Maine.
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Mooseloolk- Mooselook- R 1 Kennebago
suntic meguntic . Rangeley 6§39
Tlements Suﬁ}?r%;nllQSE) Spring 1940 Summer 1939 ML
_ Blements ~ Bumwwer 1999 PPTRR ..
. 6.53
pH reaction 6.50 ?,32 2.48 50
Nitrates 5 9 10+ 100
Ammonia 5(r)+ S 12 -
Phosphorus ‘_-()) : o% 25 r')()
Calchm” s g 1000 St
B/I‘la;lrlmsium 50 é“ 50+ 95
Manganese 37 50+ 50 26—
ganese 1 i 5 2
Hlonminum 25 25 250+ =
w
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acid conditions.

[ il material which were recorded, mud

12 types of bottom soil material w | , mud

Wa(gfbgl?ar tthmost prevalent in the bottom 51}1111)168 from all (,X(:(,].).L

Aziscoos Lake. Of the 236 samples, 132 contained otnl.y IéléliémVp‘ll(r :—

i ini rel were present in .

ous mixtures containing sand or grave . plos,

i Aziscoos and to restrictec

‘ine d debris was confined mostly to ‘

1;11(11;s N:r)(me()OS(slookmeguntic. Gravel and sand were confined ml«l)s:,‘ly\

jco ;VkiLt(‘,l' less than 40 feet deep. Bel(Y)W 60 feet, the bottom of all the
Jakes was mostly mud.  (See Table VIL.)

Bottom Fauna. The animals taken in these 236‘b0tt011n uu,n‘x]jlrixs
were classified into 14 separate taxonomic groups. The Vo 1{1111“,& 1(:]»(;
numbers of each type of bottom organism are sulnmm?(,( 'm)yA f“\q,
and depth of water in Table VIII. Of the 14 groups o ()11_,.@1111_511(,1 ,
the round worms (Nematoda) were I'eprescnt(zd) by ()nl}( im(, 11111: 1(\)/n1y
| s (C wora) were taken
i ample, ¢ rater-fleas (Cladocera) were ]
ual in one sample, and w ) were fakon
o;m sample. Of the annelid worms, the 1(‘,(‘,(,}1(15 (Mirudinia) \y(rl(
tal'/on in several samples from Kennehago butb 112 <l)nly 1()n({ zamp ¢
- othe : i art . Oligochacta) were
[ Ther lakes: the aquatic carthworms
from the other lakes; the s YIS N !
i ¢ thir wmeral abundance
‘ cve of the six lakes and were third in genera ;
taken from five of the six . ird in general ab)
of all 14 groups. Iresh-water shrimp (Amp}upoda) were [mu;ﬁi I11n
three lakes but were generally quite rare. Of ‘r:h(\, nln(., (I(;m?‘h' Ogi
s six were inscets. These included the midge larvae (f llr
Toups, f re inscets. 5 . ) larvac (Uhi
IglOIn%;Le) Mayfly nymphs (Iiphemerida), ald(.r-?%f lciw@tc (b)za 3J%Isl)oi
K . . . an AN ! era
b caddisfly larvac (lrichop ,
dragonfly nymphs (Anisoptera), : ' ;
moéquito larvae (Corethra). The midge larvae v:ere b){ falé tg«lsmr;lo;ll
i volum
g nd represented a greater :
abundant numerically, a ; , !
other bottom organisms combined. There were apparently four dis
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tinct types of these chironomids, of which Cerafopogon was one of
the least abundant; the other types were not identified to genera.
Mayfly nymphs were fairly common. Alder-flies, dragonflies, cad-
disflies, and Corethra were rare. Of the mollusks present in the bot-
tom samples, the pill clams (Sphaeridae) were second in abundance
of all bottom organisms, both numerically and in terms of volume;
snails (mostly Amnicolidae) were rare.

The numbers and volumes of all bottom organisms for all six lakes
combined have been averaged according to type of bottom and depth
of water in Table IX. The number of samples is inadequate for a
detailed comparison of the quantities of organisins in different types
of bottom soil within different depth ranges. If, however, the or-
ganisms from the entire depth range arc considered as a unit, there
is an adequate number of samples for a general comparison of the
productivity of different types of bottom. The figures at the bot-
tom of Table IX are a summary for cach bottom type for all depths.
The 236 bottom samples from all of thelakes contained an average of
6.7 organisms or an average volume of 0.043 ¢. ¢. per 9-inch by 9-inch
bottom sample. The 132 samples on entirely mud bottom had an aver-
age of 4.6 organisms with a volume of 0.060 ¢. ¢. The 14 samples on
a gravel bottom had an average of 1.8 organisms or 0.012 ¢. ¢. per
sample; the six samples from gravel and sand (mixed) had 0.3 or-
ganism or 0.002 c. ¢.; 30 samples on entirely sand bottom had an
average of 1.4 organisms or 0.019 c. e. per sample. The 50 samples
on gravel, gravel and sand, and sand together had an average of 1.4
organisms or 0.015 ¢. ¢. per sample. I'rom these data it scems to be
a safe conclusion that in these Rangeley lakes mud bottom is the
richest in production of bottom food organisims, and at least several
times as productive as gravel or sand.

An cexamination of the data given in Table VIII reveals eertain
differences in depth distribution of these 14 different groups of bot-
tom organisms. The aquatic earthworms, midge larvae, and pill
clams were found in fair abundance throughout the entire depth
range from shallow to very deep water. The other groups were found

mostly in the more shallow half of the depth distributions of the
various lakes.

For a comparison of the production of bottom organisms in indi-
vidual lakes, the data given in Table VIII have been summarized
aceording to total number and volume of each type of bottom or-
ganism in all samples [rom each lake. These data (Table X) reveal
that the predominance of certain groups in the bottom fauna of the
[akes as a whole (as mentioned above) holds true for the lakes indi-
vidually. Midge larvac predominated both in volume and in num-
bers in each of the six lakes; pill elams were mostly second in impor-
lanee; and aquatic earthworms were about third. The comparative
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TABLE VIII. Volumes and numbers of each type of organism in 236 bottom samples

taken from the Rangeley lakes during 1939 with an' Ekman Dredge
(9" x 9), arranged according to lake and depth of water

Volumes in cubic centimeters and numbers (in parentheses)
Name of Take of aquatiec organisms in samples
and data g a
on samples ol g
e = @
2 z i oA ¢ B 5
w o~ — fond
o 2] L, | 53| B3| BRI 82| 9| 3|z f
] 3| 8% 2T 8% 5B | 78 el am 2] EE &
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Depth 2 n S 08 | @8 | &5 -8 | 98 | — 8 2N E 7S 8
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in o R ] e =4 =] =% 0 = .d = ‘s d a8 —
et | vemoles | 22| 38| 35| SO | £3 | 24| 38 | 30| 58| 42| S =
Lower Richardson Lake
12-20 2 R PP U RPN FRO 0.03 L.l e 0.03
) 1)
21-40 3 b e 0.001f. ..o feeeneifonnnn 0. 001
) (1)
41-60 5 R P e PO PP AP 0.045/ 0.0351 .......... 0.08
4 1@ (6)
61-80 T e e e e e 0.157) 0.008)......]...... 0‘. 165
(27) @) 31
81-96 S (SRR U MR A N R P 0.198] 0.022(......[...... 0.22
ey | @ (23) _
Upper Richardson Lake
6-20 L P (A R P RV A 0.001(...... 0.0291...... 0.03
1) (3) 4)
21-40 [/ PR O PR PP AP FPURPA R 0.003; 0,001 L......[......
¢} (2)
41-60 1 O N P P R R A 0.185] 0.075)......0......
(22) | o
61-80 [ J (R RN 0.02 [..ooviifoinni]oean]ienn 0.00 ] 0.14 [L.....[.....
(1) 12) | o)
81-85 P2 I 0.07 oo 0,06 ([ 0.02 [......0...... L 17
(4) (8) 3 __an
Mooselookmeguntie and Cupsuptic lakes
8-20 VA N 0.02 |......[...... 0.04 0.2 [...... . 0571 0.023] 0.04 |...... 0. 38
(1) (6) p] 1y } & (6) (35)
21-40 L PN PSP S 0.04 §...... 0331 02440 .00 L.. ... 0. 415
(2) (16) (19) 37)
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i i i i heses)
< e volumes in cubic centimeters and numbers (in parent
TABcI;fEb{)}txt.onrfl(l)ergivsir:r%s ;er 9 x 9"/ sample for the six Rangeley lakes gombmed,
arranged according to depth and type of bottom soil, an(i1 _bz;lseh on a
total of 236 samples. The numbers of samples upon which the
averages are based are given in the second part of
Table VII. Averages based on five or more
samples are given in heavy type

Type of bottom
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TABLE X. Total volumes and numbers of each type of organism in the 236 bottom samples, for each of the
Rangeley lakes. Summary of data given in Table VIII

Volumes in cubic centimeters and numbers (in parentheses) of
. organisms in all samples
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potential values of the different types of boliom organisms in the six
Rangeley lakes as food for fishes, were more clearly indicated by the
calculated average volumes per 100 square feet of bottom arca in
each lake (Table XI). The same order of abundance, namely, midge
larvae, pill clams, aquatic carthworms, and Mayfly nymphs, is ap-
parent in these figures.

The calculated volumes and numbers of organisms per square foot
according to depth for each lake (Table XI11) reveals for most of the
lakes, and for all of the lakes combined, a general tendency towards
a greater volume and number of bottom organisms in the deeper
water, starting at the depth class of 41 1o 60 feet, and being cspeei-
ally evident within the depth range of 61 (o 100 feet. This some-
what greater abundance of the bottom organisms in the decper water
was apparently due to the preponderance of the more productive
mud bottom at these greater depths and, o some extent, {o the
preponderance of the midge larvae over the other types of bottom
organisms in the deep waters (see Table VIII). The lower values
of volumes and numbers of bottom organisms within depths of 6 to
40 feet were largely due to the presence of more sand and gravel and
other less productive types of bottom in the shallow water (sce Table

IX).
The six Rangeley lakes varied considerably in terms of produc-

tivity of bottom organisms available as food for bottom-fecding
fishes.  The summary figures in Tables X1 and XII are the calcu-

Calculated volume of each type of bottom organism per 700 squure fecl for

TABLE XI.
each of the Rangeley lakes, based on data given in Table X
Calculated volumes in cubic centimeters of organisms per 100 square feet
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'lated averages of volumes and numbers of organ
1nh0?ch Jako. These averages apply to condizio
Z‘; ;) a(a, ls1nce the samples were originally taken at stations scattered
:-‘L](xu]{l;ﬂ :)(rin O\i(‘,'[‘ eachf]ake lrrespective of depth of the water glfﬁ
areuiated volumes of organisms per square f I or ;
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085 . . quite similar h L r
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c. ¢.; Aziscoos was by far the lowest in productivity with 0.010 c. c.
per square foot. The comparison is praciically identical if made on
the basis of numbers instead of volume (sce Table XIIT). The richer
lakes in terms of total numbers and volumes of bottom organisms
were also richer in variety of bottom fuuna. Of the 14 groups of
bottom organisms from the six lakes, nine were represented in the
bottom fauna of Kennebago, eight in the hottom fauna of Moose-
Jookmeguntic and Cupsuptic, eight in Rangeley, four in Upper Rich-
ardson, three in Lower Richardson and (hree in Aziscoos (Table XI).

Data were available for a comparison of the average productivity
of the bottom organisms of these six Rangeley lakes with six other
Jakes in Maine (Table XIII). The daia for Burnt Meadow, Quimby,

TABLE XIII. Comparative data on volumes and numbers of bottom or-
ganisms in twelve lakes and ponds in Maine, based on bottom samples.
Data for Burnt Meadow, Kezar, Sebago, Adams and Quimby ponds

are from Cooper, 1939*

Organisms per

", H
Total organisms
otal organisms square foot

Name of Lake N\g%aber i samples (caleulated)
samples
Vol. in | Number | Vol.in | Number
c.c. c.c.
Burnt Meadow Pond. ... ... 20 1.53 134 0.14 11.9
Kezar Lake .. .. ........... 17 0.79 67 0.08 7.0
Sebago Lake............... 28 0.07 18 0.004 1.1
Adams Pond . . ............ 20 1.89 51 0.17 4.5
Quimby Pond. . .ﬂ ........... 13 7.49 2,187 1.02 209 .1
Horseshoe Pond . ........... 23 2.97 412 0.229 31.8
Lower Richardson Lake. .. .. 21 0.496 62 0.042 5.25
Upper Richardson Lake. .. .. 32 0.703 77 0.039 4.28
Mooselookmeguntic and
Cupsuptic lakes......... 53 2.033 216 0.068 7.25
Rangeley Lake............. 61 2.215 285 0.065 8.31
Kennebago Lake . .......... 42 4 .57 931 - 0.193 39.41
Agziscoos Lake .. ........... 27 0.147 20 0.010 1.32

* Cooper, Gerald P.: 1939. A biological survey of thirty-one lakes and ponds of the Upper Saco
River and Sebago Lake drainage systems in Maine. Maine Dept. Inland Fisheries and Game, Fish

Survey Report No. 2.
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would be exterminated.

and Adams ponds and Kezar and Sebago lakes are from Surve

'R(\,p()rt No. 2 (?‘,0(\, footnote to table). The data on Horseshoe Ponﬁ
in West Bowdoin College Grant are given in Appendix A of th;) res-
opt report. On the basis of these figures in Table XIII, in );'0%110—
tion of bottom food organisms the Rangeleys as a gr()u}; Witi 0.070
1( ¢. or 1().9'7 organisms per square foot (see Table XII) compdred
‘Lvoral)_ly with Iezar Lake (0.08 ¢. ¢. or 7.0 organisms) fmd‘wof\
;nuch richer than Sebago Lake (0.004 c. c. or 1.1 ()I‘g;LII’iS(InS) ifL
Txl(l)(YV(:\zof',“ the Rangelgy.s are compared with the four smaller ponds:
1-’]1(\/ ly()L(\‘/:{‘ra;,lg.(‘,“productnrlty of the Rangeleys was considerably less;
(’} » best of the Raqggleys (Kennebago, with 0.193 c. ¢.) was about’
‘, e same in productivity as Burnt Meadow (0.14 ¢. ¢.), Adams (0.17
;,). (:.){, :}nd Horseshoe (0..229 c. ¢.), and considerably less than Quimby
] ‘o’n( » an apparently quite rich pond with 1.02 c. ¢. of bottom organ-
ll.h.llls per square fqot. The above comparison is at least partially valid
trom the standpoint of date, since all of the samples were taken dur-
Ing the summer months of June to the middle of Sé temb/\ ‘,d
mostly during July and August. P o

o ]I(?Wg(,rll(:lrz.ml ‘Ehe produc‘glwty of bot‘tom .’f.:mna of the Rangeley lakes
is low. This act is particularly obvious if the summary figures given
in Pable XT are converted into weight of bottom organisms per ‘L(‘Y‘/‘
I the actual live weight of the organisms is assumed to l)k(‘ I‘L /) (r X(
mately thp same as that of water, or 1 gram per c. ¢. (the IV\;oIi(Ph(t) (:f_
the organisms is actually somewhat greater than thai; of Wai'(;13 th

average weight of bottom organisig per acre for cach lake was -
proximalely as follows: o e s e

Lower Richards
dchardson.....
gower v 4.1 pounds per acrce
Tpper Richardson. ... 37 « o«
Moosclookmeguntic and Cupsuptic 6.5 ¢ o
Rangeley..... ... ... g2 « ‘oo
Ko.nm'l):Lg'o 185 ¢ o
AziScoos. 09 ¢ oo

:)Fli;e 1;):1;(,1111 to lwlhi('h t]uls?ulmnnunts of bottom organisms in the vari-
angeley lakes could be eonverted int s-por-acte of tr
Ltntoil salmon available for the angler \(\:(1)1;11;;‘:1(1)1‘)’(111?(;1‘11&;’Jaﬁdoll)otllﬁgt
o \ R . . . . ‘ -
ix;(;t bbeyez(fwyl({l IILS',“/()I"S.‘ Flr:qt of iL]‘I, all of the b()tt()m7 fauna could

en by fish as obviously L!m bottom organisms themselves
h at 5] ot (1;{;1111 alll '01 the organisms are available to
o a4 all seasons, g xample in the deep-water arca of Aziscoos
avke during the summer where extreme oxygen deficiency undoubt-

1'(‘ll.y result.s in an unsuitable habitat for trout and salmon. The
11_:1.(;‘41:ulusnP1Ls In especially deep water, such as at depths of OV.'er 100
) ! ln ‘angeley and Mooselookmeguntic, are probably not nearly
o accessible to trout and salmon as are organisms in shallower water,
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beeause trout and salmon appumtly do not frequent this excgptmp- |
ally deep water to any great agg  Alwo the bottom organisms 1n
very shallow water during thegynaer time, when trout and salmon\
are mostly in the deeper wateljow (he (hermocline, probably are
not as available as at other sy of (he year. Another factor 18
that other species of fishes béiy (rout and salmon are present In
the lakes and are potentiallilyom fecders.  There are several
species of minnows present iy of (he Rangeley lakes, and th
species of suckers present in i et Kennebago; phus trout dn.)
salmon could get only a portiny (¢ hotiom organisms that wm(‘,
eaten by fishes as a whole. Tty plso, fnke at least several pounds
of bottom food organisms t0jylyee n pound of trout or salmon.
Thus the pounds-per-acre of tiyy ypn wnlmon which w'ould' n()rx?allly)
be produced from the bottomiyy, would be only a fraction <.)[ t 1({:
weight of the bottom food meni, "The potential productivity ‘0
the bottom fauna in the Rany |ken is obviously much 1(\,55 than
one pound of fish per acre fo of the Inkes, with the .posmb.l(\ &x—‘
ception of Kennebago. The )} yulue of the bottom fauna in 1\0
summer diet of trout and sahy, iy yelntively very small in K(‘,nl?(‘r-‘
bago and practically negligibliy (1o other five Rangeley {akos (Tf’(’
a later section of this Teport oo [1abits of Trout and Salmon ).

FISHES OF Tij RANGELEY LAKES

Methods of Collection. Tikinds and abundance of fishes In the‘
Rangeley lakes were determiy by fishing the 131‘?3 Wl'th _glll {1(11
in fairly shallow to deep walrgnd hy operating seines 1n the s 1()¢L.

areas and in the tributaries  {o lakes. All of the survey .(-,011‘(\{,_
tions discussed in this sectionwye made during the summer (,f-( 193.),
The validity of the discussity 5y size and age frequency distribu-
tions of the fishes, and on thugjative abundance of the different spe-
cies, is directly dependent a whether or not the collections 1;:)f)k
random samples of the fish populations that were pr(jscnt. ' 1'}10
types of both gill nets and seig ywhich were used and their operation
were both designed to take sih random samples.

In the operation of gill nek the size of fish which a net will ca?ch
is dependent to a large extell o the size of the mesh of .tho, n(\.ttmlg
itself. Fish are caught in gl pets by attempting to swim throug (;
the net, in which process thy get part way through, are caughtTahn
are unable to swim completéy {hrough the net or to back out. us
small fish can swim throughalarge_mesh net, and large fish may run
up against a small mesh whit) is {00 small to catch t}}em. By usgrig
a net with a variety of mesh sizes, fishes of various sizes are readily
captured. The net which g operated during the pregent suwe};
and which caught the nmj(n‘ity of fishes which were obtained was t())
an experimental type and mde yp as follows: net 375 feet long by
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6 feet deep and made up of five sections each 75 feet long; each of
these five sections was of different size mesh, namely, 4-inch, 2 inch,
6-inch, 3-inch, and 5-inch stretched measure or 2-inch, I-inch, 3-inch,
1%4-inch, and 234-inch bar measure, and the units were tied together
in the above order; to this 375-foot unit was added a 70-foot by
6-foot section with 2 3/8-inch stretched mesh making a net 445 feet
by 6 feet; and an additional scction 30 feet by 6 feet with 234-inch
stretched mesh was added making the net 475 feet by 6 feet. These
three net units (475, 445, and 375 feet long) were used at dif-
ferent times during the summer. A second gill net 150 feet by 12
feet with 5-inch stretched mesh was also used. These two nets,
150-foot and 475-foot (or 445-foot, or 375-foot), were used as a pair
and were set in the same lake, at about the same depth, near each
other, and at the same time.

In the operation of these nets it was the general rule that small
fish were usually caught in the small meshes and large fish were caught
in the large meshes. There was, however, a fair percentage of over-
lapping, with large fish caught in the smaller meshes, and vice versa.
These fishes, and espeeially trout and salmon, got their teeth and jaws
entangled in the netting and were caught irrespective of the size of
mesh. A few 8- to 10-inch trout, for example, were caught in 4- and
5-inch mesh, and a considerable number of smelts in Kennebago
were caught in the gill net. These 6- to 8-inch smelts were of a suf-
ficiently small size that they might have passed through the one-inch
bar mesh of the gill net quite casily, but they apparently had their
mouths open at the time of striking the net and were caught by their
teeth. The fact that five different mesh sizes of gill-netting were
used, plus the fact that there was some overlapping between the
size of mesh and size of fish caught, are believed to be adequate evi-
dence that the nets themselves were eapable of catching fish of a size
range representative of the size range of the larger fishes (over seven
to eight inches) in these lakes. Tor further evidence that these two
nets took fairly representative samples of fish present, data on the
total lengths of trout and salmon taken from all the Rangeley lakes
are presented at this time. These two gill nets were set for a total
of approximately 1,200 hours each in the six lakes, and they caught
n total of 252 Brook Trout and 57 Land-locked Salmon. Of these
309 fish, length measurements were taken on 239 trout and 50 salmon.
(T'wenty of the smaller trout and salmon were not measured.) The
length frequencies of these 289 trout and salmon are given by species
nnd by net in Table XIV. This compilation of the length measure-
tments reveals that these nets took fish ranging from the 7-inch class
lo the 24-inch class. The size {requency distribution of the trout
canght by the experimental net of the five mesh sizes resembles some-
whal a curve of normal distribution, with some variations attribut-
nhle 1o the character of the trout populations. A low point at the
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Fish
Trout

Salmon
Trout

Salmon
Trout

Salmon

Salmon and Trout
Salmon and Trout
Salmon and Trout

Both nets

i 1
taken by gill nets from al
F ies of total lengths in inches of Land-locked Salmon and Brook Trout taken by
TABLE XIV. Frequencie
150’ x 12/ net

475" (445" and 375%) net

Net

14-inch size of trout and salmon caught by the 475-foot net could
hardly be attributed to the inability of the net to cath fish of thig
size, in view of the large numbers of 13- and 15-inch fish and the fact
that the 13- to 15-inch fish were in the size range readily caught by
2 3/8-inch, 234-inch and 3-inch mesh netting, which together made
up over one-third of the entire length of the net. The low numbers
of 7-inch fish might have been in part due to selectivity, but, on the
other hand, other evidence indicates this to be approximately the
size at which trout move from the tributary streams out to the open
water of the lakes where they might he caught by the nets. If 4- to
7-inch trout were present in the lakes in considerable numbers, some
should have been taken either by seining or from the stomachg of
adult trout and salmon, but none were taken in these ways.

The 15000t net (5-inch stretehed mesh) was obviously seloctive
for larger fish between the lengths of 15 to 22 inches. This net Was
used to compensate fﬁb_r the extra one hundred feet of 2 3/8-inch and
234-inch mesh netting used on the long net. The comparafively large
number of 20-inch salmon caught in thig large-nesh not might have
represented size selectivity to some extent, but iy obviously did not
represent extreme selectivity hecause the net also took Brook Trout
of lengths of 13 to 19 inches.

In the operation of the two net

S as a whole they captured fish
scattered fairly uniformly over

the size range of fishes known to be
present in (he lakes, and it is helieved that fairly random samples of
the fish populations present were obtained (see Tablo X1V and Plates
Ito 1. It is helieved that the same conclusions apply to the pop-
ulations of the two species of suckers and the Fallfish, and that ran-
dom samples of these species were obtained for individu
approximately seven inches in length. The smelts taken from the
lakes by gill net, were obviously only the larger individoals present in
cach lake. Only o fow of the smelts which were taken were large
enough to be caught in the onc-inch mesh gill net in 4 normal way.,
The other smelts takon in the gill net were small enough o have read-
ily passcd through the smallost mesh netting, but had been caught
rolely by getting their toot), and jaws entangled in the thread.

The gill nets were operated within various depth ranges in each of
the lakes, and approximately within the same depth ranges (sce
Figure 8) in the different lakes. In examining the data in Figure 8 it
should be kept in mind that the gill nets in their normal position
sl directly on the bottom. The depths given in this figure refer to
the depths of water to the bottom of the nets. The 475-foot net sat
with the top of the net six fect above bottom, and the 150- by 12-foot
nel sat with the top of net 12 feet above the bottom. The locations
ol the net sets within cach lake were scattered with some degree of
uniformity over the' entire area of the lake, and without regard to
the known locations of certain of the better fishing grounds.
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The possibility of trout and salmon living at Various_ depths in the
open water over the deep parts of the lakes and consmle;rably _above
the bottom was checked by setting the 475- by 6-foot gill net in the
main part of Rangeley Lake over water 125 to 132 feet deep fqr ﬁvef
consecutive days, from August 23 to August 28. At the beginning o
the set the net was suspended horizontally at a §epth of 11 feet, from
floats at the surface, and after each 24-hour interval the net was
lowered to a new position. The depths to the bottom of the net for
these five consecutive sets were 11, 21, 31, 36, gnd 46 feet, respec-
tively. The net in these five sets took the following fishes: .

......... 1 Fine-scaled Sucker
git; %% Eéfg L. 8 Fine-scaled Suckers
’ 1 Land-lockgdSSalkmon
......... 14 Fine-scaled Suckers
:t gfli g:z: .......... 1 Fine-scaled Sucker
3 Land-locked Salmon
at46feet. . ... ... ... .. 2 Brook Trout

1 Land-locked Salmon

LAKE AND NET
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i 8. The ranges in depth of water at gill net sets in the Range
dufilnggu 1;;.1e 1939esurv§y. Net pA was the 475-foot by 6-foot experimental net of
seven sizes of mesh; Net B was the 150-foot by 12-foot net with 5-inch mesh.
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The results of this set indicated at least that trout and salmon were
present in the upper layers of this deep water; and that there was
no great concentration of trout and salmon present in this region,
and which were being missed by the gill nets set in their normal posi-
tion on the bottom in shallower water. The presence of considerable
numbers of Fine-scaled Suckers in this somewhat pelagic habitat was
of interest, since suckers are usually considered to be bottom forms.

Seincs of various lengths from 6 to 50 feet, and of various mesh
sizes from Common Sense to 3/8 inch, were used in collecting small
fishes in shallow water. The seining operations were designed to take

a fairly representative sample of all of the smaller fishes on the lake
shallows.

Fish Fauna. The fish fauna of the Rangeley lakes is a very limited
one in number of species. The fauna of the six lakes studied by the
present survey (not including Umbagog), as indicated by our collec-
tions, includes 19 species representing six families.t  Of these 19 spe-
cies, 5 are forms which have been introduced into the Rangeley region:
Smelt (Osmerus mordaz)
Land-locked Salmon (Salmo sebago)
Brown Trout (Salmo trutta)
Rainbow Trout (Salmo gairdnerii irideus)
Horned Pout (Ameiurus n. nebulosus) )
The other 14 species are indigenous to the Rangeley region:
Family Salmonidae
Brook Trout (Salvelinus f. Jontinalis)
Family Catostomidae
Common Sucker (Catostomus c. COMmersonnit)
Fine-scaled Sucker (Catostomus c. catostomus)
Family Cyprinidae
Lake Chub (Couesius plumbeus)
Black-nosed Dace (Rhinichthys a. atratulus)
Fallfish (Leucosomus corporalis)
Creek Chub (Semotilus a. atromaculatus)
Northern Dace (Margariscus margarita nachiriebs)
Fine-scaled Dace (Pfrille neogaea)
Red-bellied Dace (Chrosomus eos)
Black-nosed Shiner ( Notropis h. heterolepis)
Common Shiner ( Notropis c. cornutus)
at-headed Minnow (Pimephales p. promelas)
I'amily Cottidae
I'resh-water Seulpin (Cottus cognatus)

"“'Ihe identifications of fishes in part of the survey collections, including some
lividuals of all of the non-game species, have been checked by Dr. Carl L. Hubbs,
Curntor of Fishes, Museum of Zoology, University of Michigan.
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The distributions of these 19 species of fishes in the Rangeley lakes,
according to our collections, are given in Tables XV and XVI.

To the above list of 19 species for these six lakes can be added
Kendall’s® (1918) records for the Eel (Anguilla bostoniensis) in the
Richardson lakes, and for the Bluebnek Trout (Salvelinws OGUALSSQ)
in Rangeley, Moosclookmeguntic, and the Richardson lakes. There
is a record of a planting of the Golden or White Trout (Salvelinus
aureolus) in Moosclookmeguntic Lake in 1903 or 1904 but the accu-
racy of the record is doubted by Kendall. There are also records of
carly plantings of large numbers of the Sea Salmon (Salmo sular),
but the extent to which these fish may have survived in the region
Thus the total known fish fauna of 23 species in the
1ding Umbagog) includes 7 introduced forms
(the Golden Trout) is doubtful, and
(the Blue-back Trout) is apparently

is not known.
Rangeley lakes (not inch
of which the introduction of one
16 native species of which one
extinct in this region.

currence of the different species in cach of the
s may be added Kendall's? (1918, p. 507)
(Ameiurus n. nebulosus) for Rangeley
Lake. Of the 19 species of fish found in the six lakes by the present
survey, eight species are here reported as new either to the entire
Rangeley chain or to those lakes of the chain above Umbagog. They
include the Brown and Rainbow trouts which were not reported as
being present by Kendall in 1918 and which, according to local re-
ports, were introduced accidentally into some of the Rangeley lakes
within the last few years; the Black-nosed Dace (Rhawichthys a.
atratulus) and Fine-scaled Dace (Pfrille neogaea), reported by IKen-
dall from Umbagog but not from the other Rangeley lakes; and 4
other specics of minnows, namely: the Northern Dace (M argariscus
m. nachtriebd), Red-bellied Dace (Chrosomius ¢os), Black-nosed Shiner
( Notropis h. helerolepis), and the IFat-headed Minnow (7mephales
p. promelas). Further notes on cach of the species of fishes in the
Rangeley lakes fauna are given in the following:

To our records of oc
Rangeley lakes and tributarie
record of the Horned Pout

Smelt  (Osmerus mordaz). According to Kendall> the Smelt was
first introduced into the Rangeley lakes about 1805 or possibly as
carly as 1891. The first smelt plantings in the lakos were obtained
from Weld Pond and later plantings were obtained from Swan Lake
near Belfast.  Within four years after the first introduction, they
appeared in considerable numbers. By 1900 the species was abun-
dant in Rangeley, Mooselookmeguntic, and the Richardson lakes.

Judging from our survey s
contents of trout and salmon
of smelt dipping in the spring,

eine and gill net collections, from the
stomachs, and from Warden'’s records
the Smelt is still abundant in the six

2 See footnote p. 11.
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TABLE XVI. The distribution of different speci i

. - ] pecies of fishes in the Rangeley lak

their tributaries, as fiet(;rmined from seine collections made by ghe ;rese‘::t‘nd
survey. An X indicates that the species was found to be present

TABLE XV. Fishes taken by gill nets from the Rangeley lakes during the
present survey, and the relative abundance of the different species a
indicated by the catch per unit of fishing effort .

. - c ht, per 24 hours per 500 feet of
The figures given in the table are the calculated numbers of fish caug p
ne'cg, and (in parentheses) the actual nmbers of fish caught by the nets, For explanation see text Lake and ” Lake and Lake and Lake and Lake and
tributaries tributaries tributaries tributaries tributarion
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8 ko SIS 1glgighs  1&ISIE |dl&]|@laldldiplalTI<4I5 IR
_I\;r;nber ;ﬁi_vidual net Smelt
usets 2 6 19 3 49 Osmerus mordag. ......... XX X | X X
Total—h;\—;g fished with | Land-locked Salmon
experimental gill nets: 43% 158 37015 | 89% 6814 | 1,145% Salmo sebago............. [ RN 1 < TV F S S N PP S S X X
375, 445, and- 475 feet .
long Brook Trout
S SRS Salvelinus f. fontinalis.. ... |... ... | X[ X | ... | X|X| X |X X . X X X|x
Smelt C:ommon Sucker
Osmerus mordax 1.3 Catostomus ¢. commersonngs | X | X L. L X | X o[ XXX X XX
o ] @) Fine-scaled Sucker
Tand-locked Salmon 0.6 Catostormus ¢, catostomus. .. oo oo oo ]ova]oeeliane]ean]one]oeasd XX
f(jlmo sebago R 1 Take Chub
Brown Trout Couesius plumbeus. ... .. .. X X | e foeea]oen]eefere I XXX X X|x X
Salmo lr_ift_m L Black-nosed Dace
Brook Trout 5.8 Ruinichthys a. atratalus . o 0o o o o L XL XX XX X xIxlxlxlx
Salvelinus J. fontinalis 9) A . ..
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Common sucker 6.5 Leucosomus corporalis. ... [ X || X | X[ .| X ... | X|..[....] X]|X X X X
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—— Pfrille neogaca.......... o XX e e e -
____________ lf‘(‘d—bellied Dace
Number individual ("hT0SOMUS €08, .0 v v v ol XX X e e e e P X s X|X[X
of net scts " . oo
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lit-headed Minnow
e e Pimephales p. promelas.... | X | X [...... ... ] X
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p. 522-523). Some salmon were caught shortly gf%er thet ﬁ?’i h};lra:\nf;
in . ssibly have been Sea Salmon, but there it
ing and these fish may possi Sea Salmon, B
taint lved becausc of the fac
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{-ry;‘butTiﬁ‘ 1%?5%%2&?&%&?&% apparently estab]i'sh;e'd m 111((1
llil}f;?;;goley h;k(}s by the first planting in 1875, and thelsy())((‘,)mes(}2((\/:1((;:1(1 d
m‘pidly and was described as very abundant by 1900. ndall:

1918.) - -
egent ¢ in the Rangeley ro-
Land-locked Salmon are i.Lt pmsont dbun?ﬁmdiﬁereﬂt 1ak23. o
jon. with considerable variation between the ditre Jakes
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i i g - Moosclookmeguntic;  Little ,
hag ibutary of Moose o .
Konnhngn K o, e y Lake: and Dodge Pond stream, {ribu-
aro River above Kennebago Lake; al odge e
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species 1s given later, see page 146.)

' MUS S5 The Rangeley lake region
Trout (Salvelinus oquasst). oy lak
Bylue(t)rid;{ two sections of Maine to which the 'Blueback '11“01{1/;5 W;;S_
Er?swn to be native. It occurred abundantly in Rangeley, Moo

lookmeguntic and the Richardson lakes, according to past reports.
0

2 See footnote p. 11 76

It was seldom seen except when it entered streams in October {o
spawn. One of the largest spawning runs was inthe outlet of Quimby
Pond, tributary to Rangeley Lake. The Blueback was a deep-water
fish. It was generally small as compared with other trouts, ranging
from about 6 to 9 inches in length. In the latter years of the Blue-
back’s existence in the Rangeley lakes it reached a larger size, and
this has been attributed by some to smelts which were present as
food for the Bluchack only during the latter part of its existence.
According to early reports, the Blueback was an important food of
trout and salmon. The Blueback greatly decreased in numbers in
the carly 1890’s and apparently became extinet about, 1905, coincid-
ing with the increase in abundance of salmon. No Bluebacks were
encountered during the present survey.  Although this specics has
apparently become extinet in the Rangeley region, it is still known
to oceur in Rainbow lLake on the headwaters of the west braneh of
the Penobscot River in Piscataquis (‘ounty, Maine. There is also
the possibility that some undiscovered populations of the Blueback
Trout: may oceur in some waters in the more northern parts of the
state.

Brown Trout (Salmo trutte). The Brown Trout was native to
Furope and not to any part of Maine.” It has been introduced into
many localitics in southern Maine, and is now also present in at least
some of the Rangeley lakes. It was reported to the writer by local
residents of the Rangeley region that the Brown Trout was acciden-
tally introduced into these lakes a few years ago. Two Browns were
taken by gill net from Rangeley Lake, and two from Kennebago.
The species was also found in Quimby Pond which is located on a
tributary of Rangeley Lake, and it seems likely that the Brown Trout
may be present in still other lakes in the region. The species is still
very rare in the arca but there is the possibility of it becoming per-
manently cstablished.  There is no evidenee as yet, however, that
the spawning of the Brown Trout in the region has been successtul,
since no young Browns were found by our seining in the shallow
waters of the lakes or in any tributaries.

Rainbow Trout (Salmo gairdnerii wrideus).  The Rainbow Trout
was native to the western coast of North America. It has been
planted in some localitics in southern Maine but not so extensively
as the Brown Trout. It is reported as having been introduced acci-
dentally into the Rangeley lakes along with the Browns a few years
ago. One adult Rainbow Trout was given to the survey party by a
fisherman who reported that he caught it in U pper Richardson Lake.
There is also a report of one Rainbow being caught in Kennebago
Lake. None were taken by any of our gill net sets in any of the lakes,
and no young were taken by seines in the region. The species is
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apparently very rare and there is no indication that it has as yet
successfully spawned or become permanently established.

Common Sucker (Catostomus c. commersonis). ~ The Common
Sucker is one of the most abundant of the non-game species in the
Rangeley region, as well as in the whole state of Maine. Adult suck-
ers were taken by gill nets from all of the six Rangeley lakes except
Kennebago. Neither of the two suckers (the Common or the Fine-
scaled) were found in Kennebago Lake or any of its tributaries, and
all reports by local fishermen were to the effect that suckers were
absent in this section of the Rangeley region. Young Common Suck-
ers were found to be generally common in our seine collections from
the shallow waters of the lakes and the tributary streams. The adult
Common Suckers taken from the gill nets were generally small as
compared to average gize of suckers in lakes in Maine as a whole.
Most individuals were 8 to 12 inches long, a very few were up to 16
inches, and one individual was 28 inches long.

Fine-scaled Sucker (Catostomus c. calostomus). Adults of the
Fine-scaled Sucker were taken in all of the lakes except Kennehago.
Fine-scaled Suckers of the fingerling size were taken by seincs in
South Bog Stream, tributary to Rangeley Lake, and also in the shal-
low water of Rangeley Lake itself. The Fine-scaled Sucker was
found to be somewhat more abundant in Rangeley Lake than the
Common Sucker, but less abundant in the other four lakes in which
it occurred. The Fine-scaled Qucker of the Rangeley lakes is some-
what smaller than the Common Sucker. The great majority of those
caught by the gill nets were 8 to 10 inches in length, and the largest
one was about 11 inches. One of the most interesting of our records
was the finding of considerable pumbers of this species Jiving an ap-
parently pelagic existence nearly a mile from shore in Rangeley Lake;
gill nets fished in the upper strata of water from the surface down to
a depth of 46 feet and over a depth of 132 to 135 feet, took a consid-
erable number of this species (see page 70). Both species of suckers
are usually considered as bottom forms.

Minnows (Cyprinidac). There are about as many species of min-
nows in the fish fauna of the Rangeley region as all other species of
fishes cembined. The minnows included the majority of small fishes
in the shallow waters of the lakes. At present the minnows are of
some importance as food for trout and salmon in the Rangeley lakes,
and particularly for trout in Rangeley and Kennebago lakes; but in
the region as a whole the minnows are not nearly as important as the
introduced Smelt. The Minnows are otherwise of very little or al-
most no direct economic importance, with the possible exception of
the Fallfish. Past records indicated that the minnows were of con-
siderable value as food for trout in the Rangeley lakes before the
Smelt was introduced. :
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f(?rcrgiiﬁ 1_n.th0 mlrlllnow %opulations. There are no apparent reasons
xplaining such a change. The trout and salm )
or g such : salmon repo
;,haélgcd their diet from minnows to Smelt when the latterpwzie?i}j
t;o uclod about 1900.7 and this should have favored a building up of
o minnow populations. Also the several species of minnows now
E)}Il(,scjritlm the Rangeley _lakes are species of diversified habits and
kO “0{11( e afl(}quate to build up large minnow populations under fav-
er(: ) ? Cf)ndltlons. Mlnnpws are not abundant in these lakes at pres-
tn, ‘o )\ilzlqusly bec.ause_o# the general absence of vegetation and shél-
tgr};flli(o Lho{}?(:?r{c}llty of food in shallow water, and there is no reason
lieve that these conditions were : e fi ¢ { i
b et ot ns were much more favorable for min-

Lakg Chub ((/‘():uesius plumbeus). The Lake Chub is one of the
Inl({)st alzgndant (.)‘f the smaller species of minnows in the Range]/o/
a es‘.l I'he maximum length of Iake Chubs taken from this regloi
lW&S a jqut 5}1nch0s. .Tho species was found abundantly in the shal-
t(?w W(LL(‘Jj of })otah Richardson lakes, Rangeley, Aziscoos, and par-
&fular]y in L\(snneb_ag'o Lzmke. This fish was of more frnport‘fnce
han any other species of minnow in the food of trout from Kenne—l
bago and Rangeley lakes. An abundant breeding population of the

Lake Chub was found in South | St 1l
oo o Sou 3og Stream, tributary to Rangeley

Black'-nosed _Dace (Rhinichthys a. atratulus). The DBlack-nosed
Dace? is one of the smallest species of minnows of the region, with

maximum length of about 3 inches. It was found in Rangelé i{ .
nebago, and Aziscoos lakes in shallow water, and in tributz;ie Ont—'
Rangeley, Mooselookmeguntic, Kennebago,7 and Aziscoos ’SI‘I?
:ng;is Wazis found }fo be generally common in the whole I;L'angele;

, and somew : ¢ i i
region and som thgtlall?é:e abundant in the streams than in the

Fallfish  (Leucosomus corporalis). The Fallfish was found to b
generally common in all of the lakes or their tributaries except Ken0
ncbago Lake. This large minnow was taken commonly in pthe 'li
!I(‘,lf}.. Most individuals were about 8 to 12 inches long but fg1
individuals up to 16 inches long were taken. Fallfish in the Raa o
ley lakes feed to a large extent on smelts and thus compete vrslf%‘fh
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trout and salmon for their food supply. On the other hand, small
Fallfish were fed upon to some extent by the trout.

Creek Chub (Semotilus a. atromaculatus). The Creek Chub was
found scattered fairly generally, but rarely, over the Ra_ngeley region
in tributaries of Upper Richardson, Mooselookmpguntm, ]]f{an.gel(\,y,
and Aziscoos lakes. One particularly large individual (T) A_ 1'n(:hes‘
long was taken by gill net from Agiscoos Lake. No other individuals
of this species were taken-in any of the lakes.

Northern Dace (Margariscus m. nachiriebs). Tho Northern Dace
was found in both of the Richardson lakes and in Mf)‘oscl()ok.m‘egun—
tic. It was not found in any streams in the area. The mdlwd}]‘mls
found were mostly fry, and the species was gengrally rarc. The
maximum length of the Northern Dace is about 4 inches.

Fine-scaled Dace (Pfrille neogaca). The fine—gcaled. l)a(z(‘,rw:l,s
found in Upper Richardson Lake and one of its tributaries l.)ut, n()j
where else. Most of the individuals were fry and the species was
found to be rare. It has a maximum length of about 3 inches.

Red-bellied Dace (Chrosomus eos). The Red-bellied I)'{mo wa\s.
found to be generally common over the region as a Whole (in U\{‘)p(,r.
Richardson, Mooselookmeguntic, Rangeley, and Aziscoos mk(@s (1)'1
their tributaries). Tspecially large school§ of several thousa‘n(.i‘ln( 1—l
viduals of this specics were encountered in Mooselookmeg}mt.u, }LII(
Aziscoos. The species has a maximum Jength of abogt 2 L4 inc 1(,7
Chrosomus eos and Pfrille neogoea were f()l}nd.t(')gether in four collee-
tions on Upper Richardson Lake, yet no individuals of }/h.e .c,f)t/m.n()‘r\}
hybrid between the two species were found; :Llso. no (/h”v),'\,(?m.u,h | /\
Pfrille hybrids were found among the other collections ol Chrosomus.

Black-nosed Shiner (Notropis h. lwlc'r()[,(c‘p?fs). Th(»)Bl:u:l\:-n()scd
Shiner was found in Rangeley T.ake, and in .l)()dg’e 1f')nd M{rfe:u?n,‘
tributary to Rangeley Lake, bhut nowhere clse in the region. 51/.\\/;:\
one of the rarest specics of minnows present; a total of only 1{}( hl:
viduals were colleeted by seine and one was picked up. d(\,:;d. i e
species has a maximum 1eng?h of about 2% inches. 1t is of no ceo
nomic importance in the region.

Common Shiner (Notropis c. cornutus).  The (‘/()mmo.n Shiner
was found in Rangeley, Mooselookmeguntic, and Upper .Rlchardion
lakes or their tributaries. The species was generally rare 1n the.la es
but considerably more abundant in the streams. It has a maximum
Jength of about 6 inches in this region.

i ) -omelas). This species
Fat-headed Minnow (Pimephales p. prome his
was found in the two Richardsons and Mooselookmeguntic lakes but
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not in any tributaries. Most of the individuals taken were fry and
the species was generally very rare. It has a maximum length of
about 3 inches, and is of little or no economic importance here.

Horned Pout or Bullhead (Ameriurus n. nebulosus). The Horned
Pout, according to Kendall* (1918, p. 508), was not native to the
Rangeley lakes but was reported to have been brought into the region
about 35 years ago, at least, to a small pond from which it escaped
into the lakes. In the present survey a fecw young were found in an
isolated pool on the shore of Upper Richardson, and in Beaver Brook,
tributary of Upper Richardson Lake. Kendall (p. 508) records the
taking of several small Horned Pouts in a wire minnow trap from
Rangeley Lake in 1904, No Horned Pout were taken in our gill
nets.  Local residents reported that a few of this species are present
in the region but that they are generally very small. The Horned
Pout commonly reaches a length of 10 to 12 inches in more favorable
habitats; but in the Rangeleys, aceording to reports, 6 to 8 inches is
a large size for the species. The Horned Pout, obviously, has been
only barely maintaining itself in the Rangeley region over the past
35 years, and the reason is particularly obvious in that the likes are
not at all suitable to the species. At present the species is not abun-
dant cnough to be of any importance or to have any pronounced
effeet on the trout and salmon populations in the lakes.

Fresh-water Sculpin (Cotius cognatus). The Fresh-water Sculpin
is typically found in good trout waters, usually in streams. It has
a maximum length of about 3 to 4 inches. It was found in South
Bog Stream, tributary to Rangeley Lake, and in Little Magalloway
River, tributary to Aziscoos. Also two individuals of this species
were taken from the stomachs of trout from Rangeley Lake. The
species is generally rare in the region; only 6 fish were taken in the
above two localities.

Present Relative Abundance of Fishes in the Rangeley Lakes.
The numbers of the different kinds of fishes eaught by gill nets from
the various lakes offer a basis for a comparison of the relative abun-
dance of any given species in the diffcrent lakes and of the various
species in any one lake. The validity of these comparisous depends
on whether or not the nets took random samples of the total fish
populations present in each lake and in all the lakes combined. It
is believed, from the size range of net mesh (see page 66), the depth
range of the gill net sets (Figure 8), and the size range of the trout
and salmon caught (see Table XIV), that the nets took a fairly rep-
resentative sample of the larger fishes present in the various lakes.

2 See footnote p. 11.
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Other factors affecting the type of sample taken by the nets would
be the number of separate localities at which the nets were set in
each lake and the total number of hours fished by the nets. There
was probably adequate fishing effort to get representative samples
for Mooselookmeguntic and Rangeley, possibly also for Kennchago
and Upper Richardson, possibly not for Lower Richardson and Azis-
coos. Also the scattering of the localities of the net sets appeared to
be adequate for most of the lakes. Certain general comparisons on
the abundance of several species seem justified. The number of in-
dividual net sets and the total number of hours fished are given for
each of the two nets and for each lake in Table XV; also in this same
table are given the total number of each fish species caught by the
nets, and the caleculated number of each species eaught per 24 hours
per 500 feet of net, for each lake. These figures on the number of
fish caught per unit of fishing effort are presumably fairly reliable
indices of the relative abundance of the different species per unit
area — they are not presumed to be in proportion to the total number
of fishes present in the different lakes. The figures should be inter-
preted as for the following example: The Brook Trout occurred in
the followng relative abundance per unit area in each lake: Kenne-
bago Lake, 22.6; Rangeley, 6.0; Lower Richardson, 5.8; Azigcoos
(only near stream mouths — the figure has little significance for the
lake as a whole) 5.5; Mooselookmeguntic, 2.4;: and Upper Richard-
son, 2.4. The similar figures for Land-locked Salmon are based on
inadequate numbers of fish for all lakes with the possible exeeption
of Rangeley and Mooselookmeguntic, for which the wvalues are:
Rangeley, 1.4; and Moosclookmeguntie, 0.6.

Trurther generalizations which would seem warranted from  the
data on catch per unit of fishing effort arc as follows: The Common
Sucker maintained a lairly dense population in all Takes except Ken-
nebago where suckers were absent. There was a greater population
of Common Suckers than Fine-scaled Suckers in all the lakes exeept
Rangeley where the latter predominated.  In conncetion with the
Common and Vine-scaled suckers the data revealed a tendency for
the two species to be complementary in their abundance: in Moose-
lookmeguntic the cateh per unit effort was 5.9 Common Suckers and
1.7 Fine-scaled Suckers, or a total of 7.6 for both species; in Range-
ley, 3.4 Common Suckers and 3.9 Fine-scaled Suckers, or a total of
73 for both species. The total catches per 24 hours of the two spe-
cies of suckers combined for the six lakes reveal less variation than do
the catches for cach species separately; the total catches were 7.1,
6.9, 7.6, 7.3, and (Aziscoos, in stream mouths) 9.9. The total figures
for the 49 sets of the 475-foot net for a total of 1,14534 hours indi-
cated the following relative abundance of the different species of
fishes in the six lakes as a whole: the Brook Trout was the most
abundant of the larger species of fishes (not including the Smelt)
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it A . .
with a value of 5.5;- the Common Sucker was nearly as abundant

with 5.0; the Fine-scaled Suck i i
and Lok Sopemec Ogc er third with 2.0; the Fallfish, 1.2;

o I}i(l:gqc(l);nky)z?r%§<)nfof catc‘h per.24 hours of trout and salmon for the
yario f (d‘(}b 15} 0 less direct interest than figures representing rela-

ve abundance for cach lake as a whole. By multiplying th g" h
per-24-hour figures given in Table XV by lake areas 1};1 sgquageczlci(l;}els-

(omitting Aziscoos), the f ing indi
z15¢00s), the following indices o ‘ f
and salmon were obtained: ! total bundance of trout

Fake Approximate »
o fake area: square miles Trout Salmon
[If()wm' Il{l,i(thurdmm ....... 4.5 .
pper Richardson . L. 000 r T
Mooselookmeguntic and Cupsupt TN g i i}
l{_:mguluy ........ (. Mld VC.}upSllpth o A fil' %i
L 9"/71' o 12
................. 2. 61 1
1.6

These figures are i i
s ‘mga s(I are supposedly' In proportion to the actual numbers of
fr 1}{(-( ,VM;(‘L m(l)nk(of ’chAe entire size range above about 7 to 8 inches)
he various lakes. Assuming the fig i
o S > figures are approximatel
rate, Moosclookme i ¥ e oSt tront. amd
Se guntic and Kennebago have th
e peosclookme nnebago have the most trout, and
y have ¢ e same numbers of trout ,
ve TS g . even though Moosel
meguntic i i o 1 A
h%gn(\-u-l 1@( ?l)out ten times as large as Kennebago; Rangeley Lake
1001>m; : y;s many trout as Moosclookmeguntic even though Moose;
ard;( ,glin mt ﬁs nearly three times as large; data on the two Rich
sons together are perhaps ‘ indica at .
> s adequate to indieate
ardsons toge 1 ate to indicate that they have
tion; 1)1‘.01;11‘ than any of the other three lakes. The similar col};puta
Wit}; o r.g‘l‘lI"OS"fOI‘ Lan.d—lock(sd Salmon show Mooselookmeguntic
1 he greatest population but Rangeley Lake with nearl a&}bm
salmon in spite of its much smaller size. ey

Sh;Il'lhe seining collections of minnows and other small fishes in the
: eCi(()lw tw,Lll,o;rg of the Rz‘mg(\,loy lakes revealed the most abundantl
aI;ld ti(\ ,(a )(:1 .thcl Lake ‘( ‘hub (Clouesius), the Pallfish (Leucosomus)
e ) ;1111](),11, (fry).  Common Suckers, Red-bellied Dace (Chroso—’
abun’d aan( t)h :a(:l(—n()sud Dace (Rhinichthys) were somewhat less in
nbunds nls/[q han thﬁ above. ',l_‘h(» other gpocies, namely: the Fat-
headed innow ([ 7,:m/(zphn/lc.s-), Northern Dace (Margariscus), Com-
nostéd Q1}1;61" <]\(7(])\t;'()t])7/s c. cornutus), Iine-scaled Dace .(Pfr‘z'lle) yBl)ack
Shiner otropis h. heterolepis) and Ki 7 A

> Not. e ne-scaled Sucker (Cu-
‘llos‘ij)}?(z)zfg c. {flzltosiortru{s) were generally more or less rare in the lalr{e(@c gs
! . ¢ total minnow populations of th in this
" ¢ total min s of the larger lakes in this
(:} }erllgetfg :slg;gg are certlaltr}ly no greater and apparently somewhat 1qu:
w populations of lakes of similar size i £
U : : ) n other parts

of Maine, judging from past observations by the present er'terpdrTS
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FOOD HABITS OF TROUT AND SALMON

The stomach contents of the Brook Trout and Land-locked Salmon
obtained by survey collections from the Rangeley lakes were analyzed
for data on food habits. Since the eollections were made only during
the period of July to September, the results apply to food habits, only
for these summer months. Comparative data on stomach analyses
on trout and salmon from several other lakes and ponds in Maine
have been obtained and are here presented. The data presented
below are based on an examination of the stomachs of 511 trout of
which 390 contained food in their stomachs, and 61 salmon of which
44 contained food. Of the 511 trout, 221 were from the six Rangeley
lakes and 290 were from eight other ponds in Maine. Of the 61
salmon, 40 werc from the Rangeley lakes and 21 from four other

Maine lakes. All stomachs were preserved and their contents anal-

yzed in the laboratory.’s The stomach contents were readily indenti-
fiable except for a few organisms where digestive action had made
identification difficult or impossible. The individuals of each type
of organism in the stomachs were counted, and the volume of each
type was measured by water displacement. (Volume measurements
of stomach contents were made with the same degree of accuracy as
in the case of bottom organisms, see page 54.) The total lengths of
the small fish found in the stomachs were measured, when possible.
The detailed results of the analyses, and summaries of the data, are
given in Tables XVII to. XXIII. The results of the analyses are
given separately for each species and each lake in the following:

Stomach Contents of Brook Trout (See Tables XVIT to XIX
and Plate IV)

Lower Ruichardson Lake

The Brook Trout stomachs from Lower Richardson Lake which
were analyzed were taken from the fish in two gill net collections on
August 10 and 11, 1939. Of nine fish ranging from 10.2 to 13.3 inches
in total length, six had some food material in their stomachs. The
volume of food in these six stomachs, all of which was remains of
smaller fish, was 9.7 ¢. ¢. A single large Smelt, 5.1 inches long, made
up 7.8 c. c. of this total volume. The food consisted (by volume) of
86.6 per cent smelt, 10.3 per cent minnows, and 3.1 per cent unidenti-
fied fish remains. .

Upper Richardson Lake
The Brook Trout stomachs from Upper Richardson Lake were
taken from the fish in four gill net collections taken from August

1 Stomach analyses were made by Mr. M. A. Marston, graduate student in
Wildlife Conservation at the University of Maine, and the writer.
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1 to 11, 1939. Of 11 fish ranei i i

, ‘ ging from 8.9 to 17.1 inches in length
only four had food in their stomachs. The total volume of fo?)?igin
these four stomachs was 4.2 ¢. ¢. and was wholly small fish remains:

28.6 per s : .
o fIiJ:}: cent smelt, 69.0 per cent minnows, and 2.4 per cent unidenti-

Mooselookmeguntic Lake
The Brook Trout stomachs from Moos i

elookmeguntic Lake

taken from July .19 to 3'1 and on August 15, 1939. Of 22 fish ran‘;frfg

from 8.2 to 18.5 mches‘ln length, 16 had food in their stomachs. The

total volume of ff)od in these stomachs was 57.5 c.c. of which all

cxcipt 4 ltrac5e of insect remains was remains of small fish: 94.4 per

cent smelt, 5.5, per cent unidentified fish remaj I :

oy ety 5.5, shremains, and 0.1 per cent

Cupsuptic Lake

The Broqk Trout stomachs from Cupsuptic Lake (a part of Moose-
lookmeguntic) were taken from fish in five gill net collections made
fl‘()m July 22 to 24 .and on September 11 and 12. Of 19 fish, I'anging/
from 10.2 to 18.0 1nches in length, only five contained food. The
tohta,lll Voll?me of food in the five stomachs was 9.4 ¢. ¢. which Wa§
wholly the remains of forage fish: 98.9 per cent s k
cent unidentified fish remains. P melty and 1.1 per

Rangeley Lake

T].l(‘, Brook Trout stomachs from Rangeley Lake were from the
fish in 13 gill net collections taken from J uly 7 to 14 and from Au u%t,
28 to September 10 The fish ranged from 7.5 to 20.2 inches in long ti1
and of the 79 stomachs cxamined, 55 contained food Ilnaf(ﬂ{f{iztly
Thp total volume of food in these stomachs was 147.56 ¢ c f
which 78.9 per cent was smelts, 15.6 per cent minnows'and“l*‘rés}(l)-
wa’.ccr Sculpins (Cottus cognatus), 5.0 per cent unidentified fish ‘rc-
mains, 0.3 per cent terrestrial insects, and 0.2 per cent aquatic ir;s‘(‘ot&}
The aquatic insects were Mayfly nymphs, dragonfly nymphs mld (
¥arvae, and beetle larvae. These data indicate quite clea;“ly tl%e;
mmportance of smelt, as well as the unimportance of insect life as
food for trout in Rangeley Lake during the summer. :

Kennebago Lake

. The Brook Trout stomachs from Kennebago Lake were from fish
in seven gill net collections taken from August 17 to 23. The fish
range‘d from 8.5 to 21.7 inches in total length; and, of 71 stomachs
examined, 35 were found to contain food. The total volume of food
in thgse stomachs was 128.3 c¢. ¢. of which 61.6 per cent was smelt
remains, 24.6 per cent minnow remains, 7.8 per cent unidentified
‘hsh remains, 3.6 per cent fterrestiral insects, 1.4 per cent aquatic
Insects, 0.4 per cent water-feas (Cladocera), 0.1 per cent other in-
vertebrates, and 0.5 per cent remains of a bird. The aquatic insects
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fontinalis) collected

TABLE XVII. Stomach contents of Brook Trout (Salvelinus f. fonit

from the Rangeley lakes during the summer of

& Aug. 11, 10:30 AL 2(1) 12.5-13.3

Aug. 11, 4115 P Twny | 122 o
%m;ha_rds—on Take — -

Aug, 1, 9:30 AL 10) 11.9
Aug. 8, 7:00 AL | soe
Rum 5700 AML | 3 | 1L9-13.7
Sug. S, 7:00 AM. 1@ 7.1
Aug. 8, 5:30 P.M. 2(0) 0.6-11.1
T o s PAL | 1w | o1 :
g 9,5 PAL | 10 13.4 T
Sue 1L 780 PAL | 1) | 122 T

Fish examined

Food organisms in stomachs

1 Fish
Locality, date, Number, Unidentified
time and i Smelt fish remains Other fish
number Range i Terrestrial j—— — -
contain- | in total insects: Total Total Total
ing food length Vol. in volume volume . volume
in () in inches c. e Number in c.e. Number in e.c. Kind Number in e.c.
Lower Richardson Lake 4(2) 11.1-12.9  fleeeeeaeen .
Aug. 10, 4:30 P 1 0.1 Minnow 1 1.0
Aug. 11, 10:30 A.M. 2(2) 10.2-10.5

Mooselookmeguntic Lake §
Joly 19, 4 P-M. 50) 10.4-13.2 . 9 36.9 b eeieines faeiieien |-
July 20 2(2) - 9. 5-10.7 o1 5 L e e
July 20 1(2) 1.7-13.9 | ... 2 17 1 14 USOTETSS BT
July 20 3(1) 146167 | eerienes D aeieen e 1 0.7 .............
Tuly 24, 5 DA 1 B2 | 1 1.0 ..........
July 25, 9:30 AL 1(1) 8.2 e 1 0.5 .........
July 25, 8:30 P.AL 1D 139 .o 3 6.4 SUEUEN ESRSRUS EONSURTSSON DESRRO BOSS
July 25, 8:30 P.A. 11 179 e 1 T T
July 26, 10 A M | 185 1 o
July 31, 2 P.M. 10) S T T [ T T S -
3 Aug. 15, 4:30 PAL e 0.0 i 1 0.4 """"""""""""""""""
Aug. 15, 4:30 PAL o) B e et B e B Bt B B
I e e I B e e TR AN B B
July 22, 8 P 2(2) 1124104 | eoeeenns 1 13 1 7 T OO I
July 22, 8 P.M. 1(0) St e e o B I e ey
July 23,9 AL 1) 12.9 RO B 20 .............................
July 23, 7:30 P.M, 6(2) 10.2-11.6 | ..oen.. 3 o T T T -
July 24, 9 ADM. 3(0) T B I B e D s Bes
Sept. 11, 10:30 AM, 1(0) e T
TRt e ......... e e
Sept. 12, 9:45 AM. 4(0) 13.0-16.5 e e e




TABLE XVII. Stomach contents of Brook Trout — Continued

Food organisms in stomachs

Fish examined

Insects: volume .
in c.c. Fish
Locality, date, Number, e Unidentified
time and Smelt fish remains Other fish
number Range 1
contain- | in total Total Total Total
ing food length Aquatic Terrestrial volume volume volume
in () in inches insects insects Number| in c.c. Number in c.c. Kind Number| in e.c.
Rangeley Lake
July 7, 5 P.M. 8(7) 9.3-12.7 0.02 | .eaiiniianns Leucosomus 2 1.1
July 8, 5:30 A.M. 1(0) T T T O O R LR IR FRARAAAS O TR A NS
July 8, 5:30 A M. 3(3) 9.9-1L.8 1 ..uvenee | e Couesius 2 5.4
% July 10,7 AL rruprr=ry: sussn oot ICERN INCE T BT DTS KESTIAIIN ESSEL BRI
July 10,7 AM, 5(3) 7.8-10.4 0.2 0.05 Cottus 1 0.5
Minnow 1 1.35
July 10,7 A.M. 1(0) 19.5
July 10, 7:15 P.M. 2(1) 8.9-10.4
July 10, 7:15 P.M. 3(2) 12.1-13.1
July 11,6 A M. 10(8) 11.1-13.7
July 11,6 A M. 1(0) 17.5
July 11 3(3) 8.1-10.3
July 11 6(6) 11.7-14.1
July 13 4(4) 7.6-9.2
July 13, 4 P.M. 2(2) 7.9-8.2

Taly 13,4 P.M. | 6(4) | 10.9-15.2

Rangeley Lake (concluded)

July 14, 9 A M, _2(3) 9.8-12.5 || v | e 1 2.0 1 0.8 .

July 14, 7:30 P.M. 3(2) 8.5-0.2 | ....oiin | ceiiiii 4 S B ST ESASSRON evevut Rvsvvs

July 14, 7:30 P.M. 1N I S 2 o O DUSSSSSSRN BassSP EUSSRSR Bespasee
o Aug. 28,9:30 A M. | 2(0) T e BSOS s USSP PSS DEVSSSSU DRSSP Bt DS

s — B e B R st RIS LS Tatliaaill Sl Rt Sdik

et - o - . ..................................................... N

Sept. 7, 9:30 A.M. 3(1) 10.0-10.70 .oovien o 1 ...... 2 4 ~ ..........................................

Ej}pt. 7,9:30 AM, 2(0) e T T T T T

S 55N, | 300 |9 e08| o [ o 1 | ew o o

Sept. 10, 1 P.M. 1(0) wr T T T T T
o ST Tt BT ST Dot ovovesiosso Boveslepsesvoont oot esosse Bsvvstes Boosos besotevs
i



TABLE XVII. Stomach contents of Brook Trout— Concluded

Food organisms in stomachs
Fish examined Arthropods: volume X
in e.c. Fish
Num- 5 g
Locality, date, ber, i s 2l | = Unidentified
time and w3 | 2EZ| 55| E8 Smelt fish remains Other fish
number | Range 55 |2 "'—E 52 Z9
Contfam(i 1r11 totil £E = é“ a 5 2 Tlotal T(ital T{mal
ing foo engt P - - volume volume volume
in ()| in inches B3 = ~ & Number in ec.c. Number in ec.c. Kind Number in c.c.
Kennebago Lake
Aug. 17,4 P.AL 1(0) 9.2 P IS T T O e S T
-'&ug 17,4 P.AM. 4(1) 1L.2-13.25 oo o | aees e 1 D T |
Aug 17.4PM. | 3 | 16221 .. | | T 1 2.0 e e
Aug. 18, 9 A M. 3(1 8.5-11.0 1} .... | IR, 1 ) 2 S
Aug. 18,9 AL 1(0) 15.7 S e [
Aug. 18, 4431’\1 1(0) 12,7 PR (S S e | U [
b= Aug. 19,9:30 AM. | 3(3) | o.712.0 ... o e T T
Aug. 21, 5 P.)ML 11(8) 9.1-11. 4 0.5 .... 0.4 [0 NN | R FTP I 1 2.0 i Couestus 2 8.8
T e s | o - i -
Aug. 21, 5 PO 3(2) 12, 2-12. 8} .. .. N e e 1 0.9 | eeeinr | viiiiieans Couesius 1 3.3
Aug. 21,5 PAM. | 2(2) | 15.2-16.4 U A YEN UV DUTOURE DUTRUROUUNES VRO U | Couesius 2 6.5
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TABLE XVIII. Stomach contents of Brook Trout — Continued
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TABLE XIX. Summary of stomach analyses on 511 B.rook ’I:rout (Salvelinus f.
fontinalis) from fifteen lakes and ponds in Maine

(Cladocera), 0.1 per cent fresh-water shrimps (Amphipoda), 0.2 per
cent Mayfly nymphs, 0.8 per cent dragonfly nymphs, 0.2 per cent

caddisfly larvae, 0.9 per cent midge larvae, 16.4 per cent mosquito
Stomach contents: volume by per cent of total larvae (Corethra), 1.1 per cent other aquatic insects, 5.0 per cent snails,
0.8 per cent pill clams, and 5.1 per cent White Perch fry.
Number
of fish Total . m .
Name of lake | cayined | volyme . IR RN £ ‘ Jhe water-fleas, which made up the great bulk of the food of these
or pond bor con- | stomach _ an | &|  jzgel B |G Rt trout, were present in 31 of' the 39 trout; a total of approximately
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achs; they were present in 31 stomachs and to the extent of 322
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Kennebago 71(35) | 128.3 | 1.4 | 3.6 | 0.4 | 0.1|6L6 plankton rather than from the bottom of the pond. Of 72 snails in
Aziscoos | 10@) 0.6 [ .... {16.7 thesc trout stomachs, 70 werc of the family Amnicolidac. At the
S V—— DR N N— i time these trout were caught in Adams Pond, plankton organisms
Adams | 3969 | 1963196 ).... 694 e were furnishing about five-sixths of the food of the trout.
Abacotnetic 25(24) 17.59 || 15.0 7.1 s e
Sabbathday 3(3) 0.23 143.5|.... | &7 S Abacotnetic Bog (Somerset Co.; T.6, R. 17)
B Pond 4® s RN AR Wil IRt " A The Brook Trout stomachs from Abacotnetic Bog were taken
Quimby 22@0) | 2480022 | e TR e e e e e e from 25 fish collected on July 18, 1937. These fish ranged approxi-
Horseshoo | 115(115) | B1.84 | 56.0 | 124 | 167 | K5 ... b fae b fee.s | 84 mately from 9 to 12 inches in length and all but one of the 25 had food
Baker Mt. G4 | 2082 [ 645 ] 0.7 [AT6 119 [eoen Joeee e feeee e | 508 in their stomachs. The total volume of food present was 17.59 c. c.
Tim | 38@®) | 447 306 | 05 460 so0 ... ] 89 and included the following: Mayfly nymphs, Mayfly adults, dam-

selfly nymphs, water boatmen, caddisfly larvae, midge larvae, other
insect remuains, snails, minnows, and unidentified fish remains. The

included Mayfly nymphs, dragonfly nymphs, caddisfly larvae, and total voluime was made up as follows: 67.6 per cent minnows, 10.2

midge larvac. The terrestrial inscets included crickets, sawflies,
winged ants, spittle bugs, ichncumon flics, true fics, leaf hoppers,
and locusts. Only one trout contained water-fleas and these were
entirely of the genus Leptodora.

Aziscoos Lake

The Brook Trout stomachs from Agiscoos Lake were from the
fish in one gill net collection taken on August 31, 1939. Of tho.ten
fish ranging in length from 10.2 to 15.9 inches, only two contained
food. The food of these two fich consisted ol 83.3 per cent unidenti-
fied fish remaing and 16.7 per cent terrestrial insects.

Adams Pond (Bridgton Twp.)

The Brook Trout stomachs from Adams Pond were collected on
July 2, 1938. All of the 39 fish ranging in length from 7.9 to 12.6
inches had food in their stomachs, which made up a total volume of
19.63 c. ¢. This total volume consisted of 69.4 per cent water-fleas
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per cent unidentified fish remains (probably minnows), 15 per cent
aquatic insccts, 7.1 per cent terrestrial inscets, and 0.1 per cent other
invertebrates.

Sabbathday Lake (New Gloucester Twy.)

The three Brook Trout stomachs from Sabbathday Lake were
from the fish taken in two gill net collections on August 14 and 18,
1937; the fish were 9.4 to 12.7 inches in length. The total amount
of food was only 0.23 ¢. c.; it consisted of 8.7 per cent water-fleas
(Cladocera), 43.5 per cent midge larvae (Chironomidae), 21.7 per
cent spiny-rayed fish, and 26.1 per cent other invertebrates includ-
ing Jvater mites (Hydracarina) and snails (Amnicolidae). '

¥ listimates on numbers of water-fleas were made by the partial count and total
volume method. The number in one ¢. c. was counted and this figure was multi-
plicel by the total number of ¢. c.
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B Pond (Upton Twp.)

The Brook Trout stomachs from B Pond were taken on July 2,
1937. Of the four trout ranging in total length from 14.4 to 18.7
inches, three had food material in their stomachs, including 5 smelt,
having a volume of 10.4 ¢. ¢. (92 per cent), and one unidentified fish
with a volume of 0.9 ¢. ¢. (8 per cent).

Quimby Pond (Rangeley Twp.)

The Brook Trout stomachs from Quimby Pond were taken on
July 23 and 24, 1938. Of the 22 fish collected, ranging in length
from 7.9 to 14.8 inches, 21 had food in their stomachs totaling 24.69
¢. ¢. in volume. This food consisted of 6.1 per cent leeches, 1.6 per
cent fresh-water shrimps, 0.1 per cent Mayfly nymphs, 91.9 per cent
dragonfly nymphs, 0.1 per cent damselfly nymphs, 0.1 per cent cad-
disfly larvae, and 0.1 per cent snails.

Horseshoe Pond (West Bowdoin College Grant)

The Brook Trout stomachs from Horseshoe Pond were from fish
taken by hook and line on June 2 and 3, 1939. All of the 115 fish
collected, ranging in length from 6 to 10.6 inches, had food in their
stomachs totaling 81.84 c. ¢. in volume. The food consisted of the
following types of organisms: leeches, water-fleas (Cladocera), fresh-
water shrimps (Amphipoda), Mayfly nymphs, dragonfly nymphs,
damselfly nymphs, water boatmen, caddisfly larvae, midge larvae
and pupac, other aquatic insects, terrestrial insects (Hymenoptera,
Coleoptera, Hemiptera, and Diptera), spiders, water mites, snails
(6 Physa and 367 Amnicolidae), pill clams, a frog tadpole, and a
newt. The volume of food material in these stomachs was made
up of 56.0 per cent aquatic insects, 12.4 per cent terrestrial inscets,
14.7 per cent water-fleas, 8.5 per cent other invertcbrates, and 8.4
per cent frog tadpole and newt. These figures quite definitely indi-
cate that aquatic insects were of primary importance as early sum-

. mer trout food in this pond. Of particular intercst was the inclusion

of over thirty thousand individual water-fleas (14.7 per cent) in the
stomachs of 47 of these 115 trout. One trout had approximately
3,400 water-fleas in its stomach, and 12 fish had over 1,000.

Baker Mountain Pond (West Bowdoin College Grant)

The Brook Trout stomachs from Baker Mountain Pond were taken
from fish caught by hook and line on June 4, 1939. All of the 44
fish, ranging {rom 8 to 11 inches in length, had food in their stomachs
representing a total volume of 26.32 ¢. ¢. The food consisted of the
following types of organisms: leeches, water-fleas (Cladocera), fresh-
water shrimps. Mayfly nymphs, dragonfly nymphs, damselfly
nymphs, water boatmen, caddisfly larvae, midge larvae, other aquatic
insects (including Corethra), terrestrial insects, spiders, snails (mostly
Amnicolidae), pill clams, and a snake. The volume of food in the
stomachs included the following: 64.5 per cent aquatic insects, 0.7
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per cent terrestrial insects, 17.6 per cent water-fleas (Cladocera),
11.9 per cent other invertebrates, and 5.3 per cent snake. One trout
had approximately 2,500 cladocerans and six others had over 1,000.
The maximum numbers of midge larvae and pupae per trout were
109, 69, 43, and 23; the maximum numbers of fresh-water shrimp
per trout were 249, 86, 57, 52, and 51. The above figures indicate
that, as in the case of Horseshoe Pond, aquatic insects were the chief
carly summer food of the trout in this pond, with other invertebrates
sccond in importance.

Tim Pond (Franklin Co.; T. 2, R. 4)

The Brook Trout stomachs from Tim Pond were taken from the
fish in one gill net collection on September 13, 1939.  Of the 38 fish
in the collection, ranging from 8.6 to 11.2 inches in length, 23 had
food in their stomachs representing a total volume of 4.47 ¢. ¢. The
fact that these 38 fish had such a small total volume of food in their
stomachs was probably duc to the fact that they were all adult and
ripe fish concentrated near the mouth of a tributary stream just
prior to the beginning of a spawning run. The following types of
organisms were found in the stomachs: leeches, water-fleas (Cladoc-
era), fresh-water shrimps, Mayfly nymphs, dragonfly nymphs,
midge larvae, mosquito larvac (Corethra), other aquatic insects,
terrestrial inscets, and one small Brook Trout. The volume of food
material was made up as follows: 39.6 per cent aquatic insects, 0.5
per cent terrestrial inscets, 46.0 per cent water-fleas, 5.0 per cent
other invertebrates, and 8.9 per e¢ent Brook Trout. One trout con-
tained approximately 2,400 water-fleas; another had 750. One trout
had 105 Corethra; and two trout had 70 and 60 of the large water-
fleas, Leplodora.  These analyses revealed that water-fleas and aquatic
insects were of leading and probably approximately equal impor-
tance in the late summer food of the Brook Trout in Tim Pond.

Summary for the Rangeley Lakes (sec Table X1X)

The summer food of Brook Trout in the Iarge Rangeley lakes,
according to these analyses was almost entirely forage fish, of which
the Smelt was by far the most important, and native minnows made
up the balance. The data on Aziscoos and the Richardson lakes are
inadequate for comparison. In Mooselookmeguntic and Cupsuptic
the dependence of trout on Smelt for food was complete. In Range-
ley Lake their food was almost entirely fish, but native minnows
constituted about one-sixth of the food, thus supplementing the
Smelt to some extent. In Kennchago forage fish made up 94.0 per.
cent of the stomach contents, of which over one-fourth was the na-
tive minnow Couesius. . Only in Kennchago Lake were consider-
nble numbers of trout feeding on insects and other invertebrates,
nnd here only to the extent of 5.5 per cent. Of this 5.5 per cent,
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only 1.9 per cent represented aquatic organisms and only 1.5 bottom
food organisms.

The extremely small extent to which the trout of Kennebago and
other Rangeley lakes fed on aquatic insects and other invertebrates
is partly but not entirely attributable to paucity of the bottom
fauna, judging from the following (figures on abundance of bottom
fauna from Table XIII): In Adams Pond with a bottom fauna of
0.17 ¢. ¢. per square foot, the trout contained 9.1 per cent bottom
fauna, or, if Corethra (periodically a bottom form) is included, 25.5
per cent bottom fauna; in Horseshoe Pond with a bottom fauna of
0.229 c. c., the trout had 64.5 per cent bottom organisms; in Quimby
Pond with 1.02 c. ¢. of bottom organisms per square foot, the trout
had fed 100 per cent on this bottom food; but in Kennebago Lake
with 0.193 ¢. ¢. per square foot, the trout contained only 1.5 per
cent bottom food; and in Mooselookmeguntic and Rangeley lakes
with 0.068 and 0.065 c. c. of bottom fauna, the trout contained no
bottom organisms and only 0.2 per cent bottom organisms, respec-
tively. Differences in size of fish and season of the year were not
sufficient to explain the above differences in food habits. The dif-
ferences were more readily explainable on the basis of food availabil-
ity. In the Rangeley lakes smelts were abundant; in Adams Pond
there were no smelts and very few other small fishes available to
trout; in Horseshoe Pond there were no fishes present other than
trout. Smelt bave been reported to be present in Quimby Pond,
but were presumably rare, if present at all, at the time the trout were
obtained. Thus it appears that the almost complete dependence of
trout on smelts and minnows in the Rangcleys is partly a matter of
choice on the part of the fish due to the greater size and availability
of thesc forage fishes as compared to the bottom fauna. In the case
of at least Kennebago Lake among the Rangeleys, the trout pre-
sumably would use the bottom fauna more extensively if the abun-
dant smelt population werc not present.

Summary for Other Lakes (See Table XIX)

In general the food habits of Brook Trout in the several other
ponds considered in this section, namely Adams Pond, Abacotnetic
Bog, B Pond, Quimby Pond, Horseshoe Pond, Baker Mountain
Pond, and Tim Pond, differed widely among these various ponds, as
well as from the habits of trout in the large Rangeleys. In B Pond
the trout were eating 100 per cent forage fish, of which at least 92
per cent was smelt. In all the other ponds, insect and invertebrate
forms were eaten for the most part. Certain differences in trout
food habits among these ponds have been partially explained on the
basis of available food, in the preceding paragraph. The variations in
food habits among these ponds were apparently mostly the result of
differences in the amount of different types of food organisms avail-
able and the size of the organisms. In the Rangeleys the trout were
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feeding almost entirely on the abundant smelt populations; in
Quimby Pond with an abundant bottom fauna and apparently no
smelts at the time, the trout were selecting mostly the largest item
(dragonfly nymphs) in the bottom fauna; in Horseshoe Pond, with
only a moderately rich (for Maine lakes) bottom fauna and no for-
age fish, an abundant trout population was feeding on the various
types of bottom organisms in somewhat the same proportion as the
relative abundance of the different types of this food supply; in
Adams Pond, with bottom food somewhat less than in Horseshoe and
in the presence of competing warm-water game fishes, the trout were
feeding to some extent on a variety of bottom organisms but to a
};u)rg‘e extent on plankton forms (see Tables XIX and XX and Figure

The inclusion of water-fleas (Cladocera), and of Corethra which is
periodically also a plankton form, in the diet of trout, was obvi-
ously related to availability of food, density of the trout populations,
and the growth of the trout. The trout from the Rangeleys with
abundant smelts for food contained no water-fleas (except rarely in
Kennebago) although water-fleas were fairly abundant. The fact
th:«_Lt one trout in Kennebago had fed on Leptodora may be of no sig-
nificance. In Quimby and Adams ponds the concentration of water-
fleas was about the same; but in Quimby Pond the trout were feed-
Ing entirely on an abundant bottom {auna, while in Adams Pond
trout were feeding to a small extent on 5 much smaller bottom fauna
aqd to a large extent on the water-flens. Horseshoe, Baker Moun-
tain, and Tim ponds all had abundant trout populations. In Horse-
shoe, with a bottom fauna much smaller than in Quimby, trout were
supplementing their diet of bottom organisms with 14.7 per cent
water-fleas. In Baker Mountain and Tim ponds, trout were adding
17.6 and 46.0 per cent water-fleas to their diet. Of the trout (from
the six ponds) which contained water-fleas, many contained over
1,000 individuals in their stomachs; onc trout contained approxi-
mately 4,000. The trout feeding on these minute water-fleas were
not merely the smaller fish; the greatest mumbers of water-fleas were
often in the larger fish. Also, these water-fleas (Cladocera) were
either in a clear culture in the trout stormachs or often mixed with
bottom organisms, but no Copepods were found in any of the stom-
achs. The extensive feeding by trout o water-fleas must entail a
considerable amount of time and effort, for trout apparently have no
wel.l—adapted structure for straining these Organisms from the water,
as 1s.found in such fishes as the cisco and mackerel. Judging from
(.',ondltions in the various lakes and ponds mentioned above and the
food habits of the trout in these waters, it appears that trout feed
on water-fleas only when other food is generally rare, or in ponds
where trout are very abundant in proportion to the food supply.
Il this generalization holds true for trowt lakes in general, then a
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e kinds and amounts of available bottom food organisms with the relative amounts of

d in stomachs of Brook Trout, in three ponds in Maine
other data from Tables XVIIT and XI. The

Cooper (1939). Maine Fish Survey Report No. 2;
type of bottom organism to ail bottom organisms in the trout stomachs, and the volume percent-

TABLE XX. A comparison of th
the different types foun
Data on bottom samples from Adams and Quimby ponds are from

figures given in this table are the percentages by volume of each
age composition of the bottom fauna itself as determined by sampling
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recognition of the presence of water-fleas in trout stomachs might be
of considerable value in trout management in indicating a scarcity
of food or an overcrowded trout population.

Stomach Contents of Land-locked Salmon (see Tables XXI
to XXIII)

Mooselookmegunis: Lkz

Land-locked Salmon stomachs from Mooselookmeguntic Lake
were from the fish in eight gill net collections taken from July 20 to
27, 1939. Of the 12 salmon, ranging from 11.6 to 21.9 inches in total
length, seven had food in their stomachs making up a total volume
of 51.55 ¢. ¢. This volume consisted of 84.8 per cent smelts, 6.0 per
cent unidentified fish remains, 9.1 per cent Lake Chub (Couesius),
and 0.1 per cent aquatic insects.

Cupsuplic Lake

Land-locked Salmon stomachs from Cupsuptic Lake were taken
from fish in two gill net collections on July 24 and September 12,
1939. Of the seven fish, ranging from 15.1 to 93.4 inches in length,
only two had food in their stomachs. The total volume of this food
was 23.2 ¢. ¢. and consisted of 100 per cent smelts.

Rangeley Lake

The Land-locked Salmon stomachs from Rangeley Lake were
taken from the fish in 11 gill net collections taken from July 8 to 13
and August 25 to September 10, 1939. Of the 21 salmon, ranging
from 9.1 to 24.1 inches in length, 18 had food in their stomachs mak-
ing up a total volume of 100.0 c. c. This volume consisted of 82.8
per cent smelts, 1.2 per cent unidentified fish remains, and 16.0 per
cent remains of one sucker.

Kennebago River spauning run

Sixteen Mooselookmeguntic Lake salmon were obtained from the
Kennebago River spawning run at (‘anoe Pool at 12 Noon on Sep-
tember 12. These fish were 14.7 to 22.6 inches in length, and were
all adult fish. There was not a trace of food in any of their stom-
achs. The analyses are of interest in supporting the general belief
that salmon in spawning runs feed very little if any.

Sebec Lake

The Land-locked Salmon stomachs from Sebec Lake were taken
from fish collected by hook and line on May 9, 1937. All six salmon,
ranging from 14.9 to 21.9 inches in length, had food in their stomachs
making up a total volume of 58.5 c¢. ¢. This volume consisted of
88.4 per cent smelts, 8.4 per cent unidentified fish remains, and 3.2

per cent aquatic insects.
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Moosehead Lake
The Land-locked Salmon stomachs from Moo
sehead Lake
collected on May -18 and 29, 1937. Of the three fish, ranging ngr?
16 to 21.2 inches in length, two had food in their stomachs making

up a total volume of 3.55 ¢. ¢., or 98.6 per t
up a fotal volume per cent smelt and 1.4 per cent

Kezar Lake
The Land-locked Salmon stomachs from Kez
ar Lake were col-
!ected on July 19, 1938. Of the four fish, ranging from 9.8 to 201.5
inches in total length, 3 had food in their stomachs making up a total
volume of 84.0' ¢. ¢ This volume consisted of 16.7 per cent smelt
0.6 per cent unidentified fish remains, and 82.7 per cent Yellow Perchi

Sebago Lake
Stomachs of Land-locked Salmon from Seba
go Lake were col-
lectec! on ng 25 and August 6 to 11, 1938. Of the eight figh, 9.10to
23.0 inches in length, seven had food in their stomachs making up
a total Volume pf 46.9 ¢. c¢., including 69.1 per cent smelts, 27.7 per
cent terrestrial insects, and 3.2 per cent Yellow Perch. ,

Summary for Salmon (see Table XXTII)

In the three Rangeley Lakes from which stomachs containing
food were obtained for analysis (Mooselookmeguntic, Cupsuptic
and Rangeley), Land-locked Salmon were found to be fe’eding a]mos’é
expluswely on smelts. The 40 salmon which were examined con-
tained a potal of 49 smelts, one sucker, one Lake Chub (Couesius)
and 5 unidentified fish which probably were mostly smelts. In the’
other. four lakes from which salmon stomachs were examined the
principal food was also mostly smelts or (in Kezar Lake) Yellow
Percl}. These rather limited data on food habits of the salmon sub-
§tantlate the already established and well known fact that the Smelt
is the chief food of Land-locked Salmon in Maine lakes.
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TABLE XXI.

Stomach contents of Land-locked Salmon (Salmo sebago) collected
from the Rangeley lakes during the summer of 1939

Fish exzamined

Food organisms in stomachs

Fish
Number
Locality, date, examined
time and Range Unidentified .
number in Caddisfly Smelt fish remains Other Fish
contain- total larvae
ing food length (Trichoptera) Total Total Total
i () in inches Vol. in c. c. volume volume volume
Number in c.c. Number ;| in c.c. Kind Number in c.c.
Rangeley Lake
July 8, 5:30 A.M. 3(3) 9.1-10.0 ....oiennn. 3 2.9 e e e
July 8, 5:30 AM. (1) 20.6  fieaeieeanen 3 O g P
July 10, 7:15 P.AL 2(2) 17.9-19.5 |- oovnnnnn, 4 155 0 eieriiiilinnsiennns i RN R A
July 11, 6 AL 1) 131 L. 5 188 oo
July 11, 6 AM. 1(1) 17.7 oo 3 5.0 oo
July 11, 6 AL (D) 224 ool 1 L7 | Catostomus
(sp.?) 1 16.0
July 11, 6 ADM. 4(2) 19. ' .
July 11, 8 P 1(1) 241,
July 13, 9 P.AL ] 13.
Aug. 25, 7 A M. 1(1) 22,
Aug. 28, 9:30 AN, 1(0) 21.
Sept. 1, 7:30 P.AL i8] 17.
Sept. 7, 9:30 A.DM. I 9.
Sept. 8, 8 A M, 1(1) 22
Sept. 10, 1 P.M. 1(1) 20. i

AMooselookmeguntic Lake
July 20, 8:30 AM (1) 13.0 e 2 A0 L R O O M P
July 21, 9:30 A.M. ] 13.4 0.05 hoiieiiiii]iieiii, 1 0.1 e e e e e
July 25, 9:30 A.M. 2(0)
July 25, 9:30 A.M. 1) .6
July 25, 9:30 A.M. 2(0) 13.9-19.6 Ve el e e e
July 25, 8:30 P.M. ) 21.9 e e e 1 2 200 T | O O
July 26, 2:30 P.AL (D) 20.7 i, 2 X T Couesius 1 4.7
July 27, 5:30 P.)L (1) B T 2 0 T
July 27, 5:30 P.AL 2(1) 20.5-20.9 ..o 6 21.5 e e P
Cupsuptic Lake i
July 24, 9 AM. i1¢8)] 17.2 0l 2 25 | [ P
Sept. 12, 9:45 A M. 3(0) 15.1-18.6 J oo e e el e e e e e
Sept. 12, 9:45 AL 3(1) 22,0-23.4 ..o 1 L | P -
Aziscoos Lake
Aug. 31, 3 P.M. 3(0) S T € B S O (e G P
Kennebago River at
Canoe Pool
Sept, 12, 12 Noon 16(0) B 2 TR | o PP




TABLE XXIII. Summary of stomach analyses. on L.and-locked Salmon
£ (Salmo sebago) from seven lakes in Maine
TES [t 10
H18E2° - g
E a g : " Stomach contents: volume by per cent of total
B Number
£ ) of fish Total .
3 2 : ¢ lal examined [volume _ = TE
P g A = Name of lake and num- of = 8 &2 -
@ = . ber con- |stomach P Ba £ €8 g @ .
] Z ) taining |contents '.;.f"; 28 =g g = 1 k £
'ﬁ food)in in c.c. a“é E z Eo@ ‘Eé é‘. g %‘&,
o ( B I A A S ] >
g T
BES ~H 0 =3
g ] EE : = = <+ mmm—emmmmmmoe—oe == === =
y < 4] R
§ & ﬁg g Mooselookmeguntic|  12(7) 51.55{ 0.1 | ... 84.8| 6.0 | 9.1
5l LI Cupsuptic 7@ | 28.2 | ... | ... |100.0
3 g Ba 2 _
2| 8 SE g ° i Rangeley 21a? | 100.0 | ... | ... | s2s| r2 | ... |10
- b
g 2 “ Sebago 8(7) 46.9 L | 2n7 69.1 | ... 3.2
o - .
< g Kezar 43 | $4.0 | ... | ... | 67| 06 | ... | ... |s27
—_g r~ w0 :
Tz £ES 2 alel 9| = o Sebec 66) | 58.5 | 3.2 | ... | $8.4| 8.4
§° S ] «~ - - ~ 1) o 4
E] 5 3 “ee Moosehead 3(2) 3.55 | ... 1.4 | 98.6
“©
g g
D Q wn .
° [
v E}
~ Z
g i
— 1 [
[ g,_"g < . 3
4/} © REE I 4
e E a5 2 - © AGE AND GROWTH OF SALMON AND TROUT
’8 .
3 > . .- 1 Q
o £a The present scetion on age and growth of Land-locked Salmon
1 B=) O o - . . .
2 : 5% i (Salmo sebago) and Brook Trout (Salvelinus f. fontmal?‘st) is based on
3 EE an examination of the scales and on measurcments of lengths and
e weights of 374 salmon (mostly adults) and 408 trout. Of the above
2 - ol @ fish, 105 of the salmon and 242 of the trout were from the Rangeley
- ' — N . o - . ‘
g g"gf’fg = g1 9 « lakes and the Kennebago River spawning run of salmon. The data
R Eeit S L M A e g on age and growth of salmon and trout from twelve other lakes and
g - 2 ~ 3 ] — . v . 3 ot .
S | £ = . A A o in Maine are offered here for comparison with the data for the
g ponds
3 4 Rangeleys. These trout and salmon were collected mostly by nets
& : . . N .
€| ¢ 8T 54w from the Rangeley lakes; and by cither nets or hook and line from
A g 24 . iy
2" Eigiiie ZIElE IS &) g 2I2 the other waters, or (in the case of salmon from three localities) they
ﬁgdag-aﬂ& R A R were obtained from spawning runs. The (:oll(\,ct'lons are beheved to
> represent random samples of the fish populations in the various
ﬁ waters or in the spawning runs, except as indicated kelow. -
= w w0 1o oo . Lengths of almost all of ‘phe fish were ta.kenl to thc nearest milli-
& 2812212 &, 5] 35 meter or the nearest 1/16th inch or the nearest Y4th inch; all lengths
2 3 gi2l81218] & 8| 2|8 e . e
g < STl glgl 5] Dlewls have been changed to the nearest 0.1 inch for use in this report. All
: 3 = : 2z 3 Anl . . « - 3
£ Sl :J :, ol = 3% 5 weights, except that of the largest single individual trout, were taken
= o & = o ERIR s -
g EE 212131242 85 g2 |2 to the nearest gram and subsequently changed to the nearest 0.1
= ) AR ounce.  All lengths and weights were taken from the fish while in a
3 g . . ., . -
£ 5 £ |2 resh condition and shortly after they were ta]\en'from thp water.
: * ARG Seales of all fish were mounted in glycerine-gelatin on slides and
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examined by microscope to determine age and spawning and growth
history. No caleulations on lengths of fish were made on the hasis
of scale measurements.

Age and Growth of Land-locked Salmon (Sce Tables XXIV
to XXIX and Plates V aqd VI)

Of the 105 salmon from the Rangeley lakes, 45 were from the lakes
themselves and collected during the summer months, 22 were from
two samples taken from the spawning run on the Kennebago River
during Scptember, and 38 individuals were a partially sclected sam-
ple from the Kennebago River spawning run taken from hatchery
holding boxes on December 4, 1939. In taking this latter sample
from the spawning run, individuals of all sizes were sclected, but
with preference for females and for the larger individuals of both
sexes.  Wight of nine salmon from Sebago Lake, and the five salmon
from Kezar Lake in Lovell were taken by the experimental gill net
(same net as used on the Rangeley lakes) during the summeor of 1938,
The 82 salmon from Cold Stream Pond at Enfield on November 11,
1936 were all spawning adults and they represented a random sam-
ple of each sex separately of an almost completed spawning run down
the outlet from the pond; they were collected at a trap at the fish
hatchery. The 71 salmon from the same place on Cold Stream Pond
on November 10, 1937 were also a random sample of each sex sepa-
rately of salmon in an almost completed spawning run.  In the spawn-
ing runs of salmon at Cold Stream Pond in both years there was an
almost equal sex ratio of fish in the entire runs.  The 40 salmon from
Cross Lake Thoroughlfare at Guerette in T. 17, R. 5 on October 30,
1936 represented a random sample, taken for the two sexes separately,
of all fish in the spawning run.  According to a report by local fish
hatchery men, the salmon spawning in the Cross Lake Thorough-
fare camne from two directions in the Ifish River chain; some came
up from Cross Lake, and others came down the stream from Mud
and Long lakes. The seven salmon from this same Cross Lake
Thoroughfarc on November 6 to 13, 1938 were a selected few of the
largest salmon in the entire run for that year. The 46 salmon from
Grand Lake on October 31, 1936 were a random sanple, of cach sex
separately, of all fish in the spawning run; the fish were being held
in enclosures prior to stripping. The Grand Lake from which: these
46 salmon were obtained is located in T. 6 of Washington County.
The spawning salmon had run from Grand Lake down to the outlet
where they were trapped. The nine salinon from Sebec Lake on
Piscataquis County on May 9, 1937 were taken by fishermen on hook
and line.

The determination of age of fishes by an examination of their
scales is a well established science. The method is applicable to most
species of fish living in temperate climates where waters undergo a
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drastic seasonal change in temperature which affects the fish’s growth.
Often there arc certain difficulties in age determination, resulting
from such factors as stunting in growth and scale erosion, and one
investigator” has found Land-locked Salmon which had made no
scale growth at all in certain years. In most of the lakes from which
the salmon considered in the present report were taken, this fish
was growing fairly rapidly, with neither extreme crowding of the
year marks nor unusual marginal erosion (see Plates V and VI).
Thercfore, it is the writer’s belief that the present age determina-
tions arc mostly accurate in indicating the actual ages of the fish.

The characteristics of scale growth in salmonid fishes are well
known to fish investigators. The most important diagnostic feature
of the annulus or winter mark in salmon scales is the crowding of the
circuli of slow growth in the fall, fcllowed by a wide-spacing of the
circuli of rapid growth in spring and early summer. Another char-
acteristic of salmon scales is the result of the fact that salmon usu-
ally spend their first one, two, or more years in a stream where they
grow very slowly, and subsequent years in a lake (or occan in the
Sea Salmon) where they grow very rapidly. The change from the
one habitat to the other usually is registered clearly on the scales.
It has been customary in studics on growth of salmon to differentiate
between stream and lake (or ocean) growth and to record the number
of years of each. In the present study, the salmon scales have invar-
iably revealed this phenomenon of differential growth, but it does
not scem safe to state that all of the slow years of growth during the
early life of each fish have been made either in a hatchery or in a
stream. At the Rangeley lakes, at Cold Stream Pond, and at most
of the other lakes from which salmon have been collected for this
study, salmon are liberated as fry from hatcheries directly into the
lakes, others as 2- to 4-inch fingerlings, and others when they are
6 inches or more in length and over one year old.  Trurthermore, it
has been impossible in the present studies to differentiate between
hatchery-reared fish and fish which may have come from natural
reproduction in tributary streams. It is also not known whether or
not these young salmon, which are planted dircetly into the lakes,
cnter one of the tributary streams and complete their normal stream
growth there before again returning to the lake, or whether they
remain in the lake where they are planted and continue to grow at
a very slow rate (as they would in streams) for their first one, two,
or three years. Regardless of whether or not the young salmon did
make their first few years of slow growth in streams, the fact re-
mains that all of them showed at least one or two years of slow growth,
and the change from the period of slow growth to the period of rapid

7 Blair, A.A.: 1937. The validity of age determinations from scales of land-
locked salmon.  Science, Vol. 86, No. 2240, pp. 519-520.
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growth was very marked as indicated by the spacing of the circuli on
the scales.

Another feature well known for scales of salmon is the eroding away
of portions of the scale during the breeding season. The amount of
scale erosion observed in the present study varied greatly between
the two sexes and also varied greatly between the different locali-
ties. Secale erosion was generally more severe among the males than
among the females, and the scales of the females from Grand Lake
showed practically no erosion at all. Scale erosion was quite severe
in salmon from the Rangeley region; however, several of the 38
salmon from the Kennebago River spawning run on December 4
showed no scale erosion at all. Several salmon taken from Moose-
lookmeguntic Lake in early September had a slight amount, of mar-
ginal erosion on their scales, indicating that this erosion might, start
before the spawning salmon have left the lake. Seale crosion on the
males from Cross Lake Thoroughfare and Cold Stream Pond was
very severe, praticularly among the older individuals, and usually so
severe as to makc age determinations rather difficult. IHowever,
scale erosion was found to be so variable among the different, seales
on an individual fish that presumably reliable age determinations
could be made by examining a large number of scales from cach fish.
There was considerable evidence that the erosion of Land-locked
Salmon scales is largely a matter of physiological absorption, at
least among the males on which the scales during the breeding
season are completely embedded under a thick layer of epidermis,
and on which crosion takes place to some extent along the anterior
or embedded margin of the seales and in seattered patches over the
entire surface of the scales.

The spawning mark is another feature well known on seales of
salmon and is the result of the seale being croded away during the
spawning scason and subsequently patched up during growth of
the following spring. Scale crosion during the spawning season
tends to be more severe along the posterior and lateral margins of
the scale, with the result that the posterior margin of the scale changes
from the usual round shape to a sharp triangular point. Thus the
crosion tends to cut sharply across the posterior ends of cireculi which
had been laid down during one or more previous years of growth.
When growth resumes the following spring the new circuli tend to
round off the posterior margin of the seale by growing more com-
pletely around it and thug cutting across the eroded ends of the eir-
culi representing previous growing seasons. In many of thoge in-
stances in the present study where the fish had spawned two or more
times, the scale erosion of the second or third spawning often com-
pletely obliterated the history of the first spawning on many of the
scales. The complete history was evident, therefore, on only a few
scales on some fish; and was possibly absent on all seales of a few
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fish. Possibly, therefore, some of the fish had spawned more times
than was accredited to them in the present study, but it is believec
that the number of errors made in this respect was small.

The results of the present studies on age and growth of Land
locked Salmon are summarized in table form, as follows: Tengths,
weight, age, ete. are given for individual salmon from the Rangeley
region in Table XXIV, and for individual salmon from Sebago and
Kezar lakes in Table XXV. Data are not given for individual fisk
from the other four loecalities. Average lengths and weight by sex
and age group for only certain age groups of cach loeality are given
in Table XXVI. Average lengths and weight are given for cach age
group in each locality in Tables XXVII and XXVIII. Average
lengths of salmon of different growth types and by age groups and
sex are given for three lakes in Table XXIX.

Growth according to sex. The data on lengths of salmon in all of the
collections are valid for a comparison of average lengths of the two
sexes in those age groups having adequate numbers of fish. Among
all of the salmon collected, there were 20 scparate age groups from
individual loealities in which five or more fish, including both sexes,
were represented.  If the body or standard lengths of the two sexes
in these 20 groups are compared (Table XXVI), the males exceeded
the females in Iength in 16 of the 20 groups. Of the nine groups in
which there were at least five individuals of ench sex present, the
males exceeded the females in length in six groups. Also, the males
were the largest in the three groups containing the greatest numbers
of fish, namely: the V-group, containing 27 males and 27 females,
from Cold Stream Pond in November, 1936; the IV-group, contain-
ing 24 males and 16 females, from Cold Stream Pond in November,
1937; and the IV-group, containing 13 males and 11 females, from
Grand Lake in October, 1936. In these three instances the males
exceeded the females in length by about one inch or somewhat less.
The present data, therefore, scem to indieate that in salmon of g
given age, the males are usually slightly longer than the females.
The point needs further confirmation, however. The diffcrence, if it

is real, is so small as to be of comparatively little or no economic
significance.

(rowth of salmon in different lakes. The average lengths and weight
of salmon in each age class from each locality are given for the Range-
ley waters in Table XXVII, and for other lakes in Table XXVIII,
and are represented graphically in Figure 10. The unweighted aver-
ages for standard or body length in inches of salmon at or near the end
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TABLE XXIV. Lengths, weight, sex, age, and growth history of individual TABLE XXIV. Age of salmon—Continued

! Land-locked Salmon (Salmo sebago) from the Rangeley lakes
Body Total
B Lake and Sex length length ‘Weight | Age in
Body l'otal i . date: and in in inches in growing | Growth
Lake an Sex length length | Weight | Age in 1939 matur- | inches: | inel. tail: | ounces |seasons**¥| history¥i#
date: and in in inches in growing | Growth ity * ERR T.1..
1939 matur- | inches: | inel, tail: | ounces |scasons®#| history*#* === o S ——
ity* S.I1. T.1.
Kennebago R. ¥, ad. 12.0 13.6 10.9 v 2-111
e e [ = = == (spawning run) Lo 12. 4 13.9 15.3 o 2-111
. Dee. 4 o 13.0 14. 6 23.1 “ 2-111
TLower Richardson Aug. 11 M.im, 8.9 10,6 6.1 111 1-1I oo 15.6 17. 4 37.5 ¢ 2-I1I
= = e F. ad. 13.1 14.6 13.7 VI 2-1V
o 13.9 15.8 8.0 ‘e 2-1V
Mim. 7.9 0.2 4.1 I 2-1 e 14.3 16.3 18.6 o 2-1V
e 14. 3 16. 3 21.7 ¢ 2-1V
= = === Lo 14.3 16. 3 23.7 “ 2-IV
i A e 14.3 16. 3 30. 2 “ 2-1vV
Mooselookmeguntic and Cupsuptie e 14.4 16.1 20.5 “ 2-IV
July 20 M.im, 13.0 15.0 17.1 v 2-111L “ow 15.0 16.9 23.9 “ 2 TTIS-T
- s o A —— Lo 15.4 17.3 26.9 e 2-1V
July 21 M.im. 9.6 oo 15.5 17.1 25.5 “ 2-1V
M.im, 11.3 o 15.5 17.4 31.7 N, 2-1V
i e — o 15.9 17. 8 29.7 “ 2-IV
July 24 M.ad. 14. 6 e 16.0 18.0 32.4 ‘“ 2-11T8-1
- - - R o 16.5 18.5 392.4 B 2-1V
July 25 M.im. 9.8 o 16.5 18.6 33.1 ‘e 2-1V
F.jm. 9.8 o 17.4 19.5 39.0 “ 2-1vV
F.ad. 16,4 S . |
M.ad. 17.3 M. ad 14. 6 16. 4 20.8 VI 2-1v
F.ad. 18. 0 oo 16.3 18.1 34.7 ‘e 2-1V
F.ad 19. 4 o 17.4 19.3 43.0 “ 2-ITI8-1
|0 - oo 17. 4 19. 8 48. 6 “ 2-ITIS-I
July 26 M.ad. 17.6 SN RS N, S e [— -
— ¥.oad, 16. 0 18,0 38.2 VII 2-V
July 27 M.ad. 13.9 ¢ 16. 5 18. 4 42.7 “ 2-V
F.ad. 18.3 o 16.5 18. 5 38.2 “ 2-1VS-I
F.ad. 18. 4 o 17. 4 19.4 46. 6 " 2-1VS-1
- e 18.1 20.4 51. 4 * 2-I1I8-I8~
Sept. 12 M.ad. 13.3 2 IS-1
(spawning run at mouth of M.ad. 14. 1 2- SO [ — S, O
Kennebago R.) F.ad. 16.1 2 M. ad. 18.5 VII 2-1VS-I
F.ad. 19.3 3-1V [ESSEEEES U RO — - -
M.ad. 20.5 2- 118 11 F. ad 18.5 VIII 2-T1IS-T
I.ad. 20.4 21V S-18-
-~ e e — A R 10,9 “ 2-TVS-IT
Kennebago River, Trib. of M.ad. 12,5 21V S Y S—— U
Mooselookmeguntic M.ad. 12.5 2111 M. ad. 19,8 VIII 2-IVS-II
(spawning run) T 13.0 2 1T cou 20. 0 K 2-IVS-11
Sept., 12 13.5 21V o 21. 8 “ 2-V8-1
13.6 21V R — PPN S R —
4.3 2.1V I ad 20. 0 X 2-1VS-II1
15.3 21y R 20.3 “ 2-118-1
15.8 2TV S-18-11
16.8 2-1V S-1
18,5 2-1VS-I oo 20. 4 23.0 76.3 “ 3-IVS-IX
18,8 2--1VN-TI
19. 6 2--1VS-I1
19.8 2TV
19.8 2-11I8-1
S-II
20,1 2-TIS8-1
S-IS-11
Sept 22 (at mouth of M.ad. 18.5 2-11IS-1
Kennebago RY)
* In desceribing sexual maturity, im. means immature; ad. means adult; M. means male; F.
means female.
*% The 1939 growing scason has been counted as a completed growing season for all fish included
in this table; thus a ITY-year fish is one hatched in the spring of 1937, a VI-yecar fish is one hatched
in the spring of 1934, cte,
*x% (Growth history indicates the number of years of very slow growth as a young fish (possibly
all growth in a stream), the number of years of rapid growth in the lake, and the number of spawning
marks on the scales. Spawning salmon usually, if not always, develop a spawning mark on their
; : scales, A fish with a growth history of 2-III is a V-year-old which had 2 years of slow growth in a
i stream, followed by three years of rapid growth in a lake, and had not yet spawned. A 2-ITIS-IS-1T
i fish is an VIII-year-old which had 2 years of slow, stream growth followed by 3 years of rapid growth
in the lake, then spawning, then one year of lake growth, then spawning, and then 2 years of lake

egrowth.
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TABLE XXIV. Age of salmon—Concluded TABLE XXV. Lengths, weight, sex, age,

and growth history of individual

Land-locked Salmon (Salmo sebago) from Sebago and Kezar lakes
‘ in Maine
| . Body Total . .
! length | Weight | Age in
! Lagstg.nd | inii:‘x}éh?s in s S{;&:‘;g}i** Body Total
: : N T . BeASC
1939 H;&t,gr- mSc‘I“ incl tail: § - ounces L Sex length | length Weight | Age in
L o ake and date and. _in in inches in growing | Growth
L . - S o maturity Iréc}ﬁes: inel. tail: | ounces seasons* | history
L. T.L.
Rangeley Mi 7.6 9.1 3.7 1488 2-1 L
July 8 Fim | 7.7 9.2 40 | 11 |21 — _
M.im. 8.4 10,0 51 | I i ——
F.ad. 17.7 20.6 48 S-1 Sebago Lake
Mad. | 15.7 | 17.9 377 | v 2-111 May 25, 1938 Foim. | 12.8 14.8 17.3 IV | 110
July 10 Fad | 172 | 5 | 55z | v |
: IET 13.4 | Iv | 2-II
July 11 M.im. | 11.3 13.1 v 2 118-1 )
M.ad. 15.6 17.8 34.6 Sebago Lak M
: ) v 2-T1S-1 £ € . im, 8.0 9.1 4.0 .
Frv it I T o O -4 voo|am Aug. 5 to 11, 1038 It 21
‘ad. .8 20. 4 56. 8 - . ad.
g::g: ig.l zg‘ff g‘f'; X j_HLI M. ad 14.2 16.3 28.5 v 2-IT
Mad | 196 | 224 | 81z | Vo S F.ad | 14.5 16.5 23.8 v 2-I1T
Toy 13 M.im, .4 | 81 |V nr Foad | 15.4 18.2 32.8 v 9 IIT
Aug. 25 F.ad. 224 | 686 | VI | 2IIST M.ad. | 16.8 194 | 42.0 g 2111
1. 72.9 v 2111
Aug. 28 M.ad. 215 - — F.oad | 16.7 18.7 45.8 VI 2-1v °
Sept. 1 F.im. 17.4 33.7 v 2-11
" o 9.8 5.5 v 3-1 M. ad. 17 .4 19.7 51.4 VI -1V
Sept. 8 F.ad. 2.5 | 826 | V 2181 F.ad. | 20.5 23.0 81.4 VII 2-1I1
Sopb. 10 F.ad. 20.8 60.8 | VI S _ S-I1
E iiellnebag()‘i:Tv 7‘7.7 8.3 3.3 K Le .
.22 M.im, 8.8 ezar Lake M. im. 8.5 9. .
Aug T.im 12.3 12,6 July 19 and 20, 8 5.7 I 21
Aug. 25 ? 18.3 | 340 1938 M. im. | 13.5 15.6 23.2 1v 211
Asiscoos o . 5 o e M.im. | 14.3 5.
siscoos M. e e Iy It 16.8 23 .4 v 2-11
. ; (F. (] 29— k3 Is
M.ad A R O BN B ‘ M.ad. | 18.2 20.6 69.5 VI 91T S-1
M.ad 17.5 28.1 VI 2-1118-1 ST
Foad. | 19.1 21.5 72.8 VI | 2-qmr s

* Age i i 3 ine \ ve g :
Lake on ng[;;, gg(.)wmg seasons includes the year of 1938 for all except the one salmon from Sebago
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TABLE XXVI. Average lengths and weight (in part) according to sex and
age of Land-locked Salmon for those age groups from each locality in
which a total of five or more fish are represented

Total
Body length
Take and Age in Number length in inches, | Weight
date Sex growing of in inches: | ineltail: in
searons® fish 8.1, T.h., ounces
Moosclookmeguntic Male V 4 12.0 14.0 16. 5
and Cupsuptic Female \Y 1 9.8 13.9 13.9
July 20 to 27, 1939 - - - e —
Male Vi 2 16.1 19.1 42,1
Female Vi 3 17.9 20.6 57.9
Kennebago River Male ) V1 3 16.9 10.4 41.8
{(spawning run from Moose- Female V1 8 15.7 18.0 35.2
lookmeguntic)
Sept. 12 and 22, 1939
Kennebago River Male \2! 4 16.4 18.4
(spawning run from Moose- Female VI 16 15.1 17. 1
lookmeguntic) —— o
Deec. 4, 1939 Male VII 1 18.5 20. 6
Female VII 5 16. 9 8.9
Male VI 3 20. 5 92,7
Female VIII 2 19.2 21.7
Rangeley Lake Male v 5 17.4 19.8 hb
July 8 to Sept. 10, 1939 Female A\ 6 17.7 20.1 56. O
Cold Stream Pond Male 111 4 14. 4 17.0
Nov. 11, 1936 Female III 1 13.5 15.8
Male v 5 16. 4 19.1
Female v 11 16.8 19.6
Male v 27 18.7 21.9
Female N 27 17.6 20.4
Male VI 1 19.3 22.3
Female VI 6 18.7 21.7
Cold Stream Pond Male v 24 17.5 20,4
Nov. 10, 1937 Temale v 16 16.7 19.5
Male A4 13 ) 18.0 2019
Female v 6 17.8 20.5
Male VI 1 20. 4 23.8
Female V1 5 19.4 22.6
Cross Lake Thoroughfare Male v 8 17.7 20.8
Oct. 30, 1936 Ifemale A% 10 18,1 21.2
Male / 3 24.0 28,0
Feale VI 4 19. 6 22.7
ﬁl\’lu](' VII 6 24.7 20.0
Female VIT 6 23.0 26.3
Grand Lake Male v 13 17.6 20.3
Oct. 31, 1936 Tremale v 11 17.1 19. 4
Male Vv 9 19.6 22. 4
Female v 11 17.7 20.5
Sebec Lake Male Vv 1 18.5 21.3
May 9, 1937 Female v 4 14.8 17.3

Lake
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#* Ages include the calendar year in which fish were collected for all except the fish from Sebec

TABLE XXVII. Average lengths and wei
weight of different year classes of Land

from the Rangeley lakes

ght, and range in lengths and

~locked Salmon (Salmeo sebago)

) Age in Number
Lake and date; growing of
1939 seasons* fish

Lower Richardson 111
Aug. 11
Upper R,icluu'(l.rsr(;nm” T I1I
Aug. 10
Moosclookmeguntic and - v
Cupsuptie e
July 20 to 27 Vv
VI
VI
o Vi
Kennebago River o {

(spavwning ruis)
Sept 12 and 22 e

Vi
VIl
vILL
Kennebugo R>iv:-r:v T ) i 7
(spawning run)
ec. 4 o
VI
vie
Vil
IN
Rangeley ]):xk;'” D IVIVI- )
July 8 to Sept. 10
v
v
VI
) Vi
I\ennebago Lake :
Aug. 22 and 25
Aziscoos Lake 0 v
vi

o

«U) 2
(20.0 20. 4)

7.9
(7.6 8.4)

Total

Body length
. lt;ngth in inches, Weight
in inches: incl. tail: in

S.L. L ounces

8.9 10. 6 6.1

7.9 9.2 71 1 B

4.6 R o 7.4 o

7.2

17. 8

16,1
(12. 5 20, 4)
19.4
(18.5°20. 5)

13.3
(12.0-15. 6)

15.4
(13.1--17.4)

17.1
(16, 018, 5)

11. 6
(9. 8-13.9)

1
(14.6-19. 4)

(17. 3-18. 3)

20.0

15.4
(14. 8 16, 6)

119
(13.6-17.4

s
(11,610, )

15. 9

14,0 £
(11.6-16. 1) (7.1-27.0)

37.0
(15.2-85. 4)

68, 8
(44. 5-94. 2)

60.3
(53.5-71. 5)
1.7
(10.9°37. 5)
28. 4
(13.7-48. 6)

19.2
(18. 0 -20. 6)

9

44.2
(38.2-51. 4)

11.1
9-13. 2)

17.6

18.9
(17.7-20.0)

21.1

12.8

(9. 8-15.4)
2000

(17.4-22.5)

21.3
(20. 6-22.4)

12.3
(5. 5-18. 1)

55.8

(33.7-82. 6)
59.4

(48.7-68. 6)
7.7

8.

0
(3. 3-12.6)

34.0

10.5
(10. 0-11. 0)

2

12

(11.5-12. 5)

9.8
(7.6-11.9)

14.1
(13. 3-15. 3)

15.9

(15.0-17. 5)

22.0
(15.9-28. 1)

* Includes the 1939 growing season.
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TABLE XXVIII. Average lengths and average weight (in part) of different
year classes of Land-locked Salmon (Salmo sebago) from six Maine
lakes, not including the Rangeleys

TABLE XXIX. Average standard (bod.

] y) and total lengths for sal

different growth types, according to age group, sexg, and loczﬂi:rymn of
for three lakes

Total Data are given for only those age groups of each sex containing at least five individuals in two
Body length growth types
Lake and date Age in Number length in inches, Weight
growing* ‘olf in inlches: incl. };ail: in
seasons [ish ST T.L. ounces L. : ) Body Total
ogsgty Age in Number length length in
S B ENNUEESS R S — Tate Sex growing Growth o in inches
seasons type* fish inches: inel. tail:
Sebago Lake v 1 12.8 14.8 17.3 ST o
May 25, 1938 R — S o
Sebago Lake 1 1 8.0 9.1 4.0 . o =
Aug. 5 to 11, 1938 v 1 11.2 16.3 28. 5 Cold Stream Male v 1-11T 2 16.9 19.8
v 3 1.6 180 32.9 Nov. 11, 1936 ale v 2-II 3 16.0 18.7
Vir 1 505 50 4 Female v 1-111 8 17.4 20.2
________ - e Female Iv 2-11 3 15. 3 18. 3
Kezar Lake III 1 8.5 9.8 . b 7 Mal
July 19 and 20, 1938 v 2 3.9 16.2 23.3 Ma c v 1-1V 10 18.6 21.9
VI 2 18,7 21.1 71.2 ale v 2-T11 12 18.8 21.8
Eold Stream Pond III 7,5% 14.92 16. 8 Female v IV " e - oG
Nov. 11, 1936 v 16 m.z é&l) 5 | . . . . Female v 2-111 15 17. 5 28.5
v 54 8. -1 Cold Stream
. VI, 7 18 8 21.8 Pond ﬁi}g R’] ;EI 21 17.6 20.6
- ey —- Nov. 10, 1937 i - 3 16.4 18.8
o Soetear ond v 4 17,9 500 Female v 1-111 15 16.7 9.5
ov, 10, . . ) > — ] 5
¥ 19 179 50.8 Female IV 2-11 1 16.5 %g ;
1 9 19. 8 23.1 T
VII 1 20.5 24.0 Male v 1-1v 5 18.5 21.5
_ Male v 2-T11 3 185 216
Cross Lake Thoroughfare %V 13 }% 8 17. (1) e Male v 3-11 5 17.2 20: 0
Oct. 30, 1936 g 19 21 P R B
V1 7 215 25.0 Thoroughfare 1\1\//{}:}:; ¥ }__IV 2 19.9 23.6
VI 12 23.9 27.6 Oct. 30, 1936 T 2 6 16.9 19.8
E}—r;;(rLake IV 24 17.3 19.9 TFemale v 1-IV 1 17.5
Oct, 31,1936 v 20 18.5 214 e Female v 2-111 9 18,1 33
vi 2 21.4 24.9 Grand Lake Female v -1V 10 17.8 20.7
— it 936 Te " i . .
Sebeo Lake 111 1 12.6 14.9 ot 81, 1936 Female v 2-11 1 16.5 6.0
May 9, 1937 IVV 2 }‘r} 1 lg. 6
5 5.6 18.1 .
VI 1 19.2 21.9 * Numbers in Arabic represent years of very slow growth, presumably in a st R
numeralg represent years of very rapid growth, presumably in a I;xkc.l v # phream; oman

* The May 25 salmon from Scbago Lake had made only very little seale growth in 1936, and
the May 9 fish from Scbee Lake had made little or no growth in 1937; therefore their ages us given
above do not include the calendar years in which the fish were taken, Ior all other fish their ages as
given above include the calendar year in which the fish we ollected.  The fish taken from IKezar
Take and the August fish from Sebago Lake had made at least more than half of a normal year’s scale
growth; and those fish taken in the months of October and November presumably had completed

their growth for the year.
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of consecutive growing scasons, from all of the Rangeley waters com-
bined, all other lakes combined, and all localities, are:

Age group: 1L v v VI VII VIII X
Rangeleys .. .. 8.2 10.1 14.8 ::;.’j 5?(1 19.1 20.2

or - 10.9 15.1 17.1 9.5 6
(A)lt{“ﬂklgskes . 9.8 13.1 16.1 183 20.4 19.1 20.2

Similar figures for total length in inches (that used by fishermen) of
galmon from these waters are:

Age group: 1Tt v Vv Vi - VII \.’}[7[ o }1\;
Rangeleys . ... 0.7 11.6 16.9 I‘s\ ?IZ) 21.1 22.7
Other lakes. .. 12.7 17.5 19.9 22 24.9 - Y
All lakes . ... 11.4 15.2 18.6 21.0 23.3 214 2.

Data on average weight in ounces of salmon by age groups are avail-
able for the Rangeley waters and Sebago and Kezar lakes, as [ollows:

Age group: jass v A% Vi VI VIIX IX
Rangeleys . ... 4.8 0.4 3.6 11.4 62.9 57.2 GO.8
Rangeleys plus

%(e(-‘l")z(zio and e 4.8 14.0 31.9 47.6 67.6 57.2 GH.8

Certain of the above differences between different lopalities in l('n'g?hs
of salmon at given ages may be ascribed, at least in part, to differ-
ences in time and methods of collecting the fish. However, tho.gon—
cral trend in growth of these Land-locked Salmon was toward a fairly
uniform added increment of growth in length for each year up.m the
sixth or seventh years of life, or to a length of about .18 110. 20 Jll(:ll(x:s';
after this age and length were attained there was little increase in
gize with increase in age. Judging from STZ:L]O diameters (not. mea-
sured) the length growth of these older fl.w.h Vits greatly retarded.
The apparent decrease in growth rate, as mdl(:.: ,i.‘(\vd l)y the :Ll)({\’(‘,
figures, might also have been p:xrti:ﬂl_y duc to dlﬂ(‘,l'(‘,nl‘lz.l‘l m(.)rl.,:Lhty
with age, a phenomenon well known for some other speeices ol Aﬁshes.
The average Rangeley salmon reached the legal length of 14 inches
at about four and onc-half years of age, in the other l:Lk(‘xs at about
three and onc-half years of age. The average lengths of salmon of
the various age groups were considerably less in the I{:ng(»leys as a
whole than in the other lakes. While these differences in terms of
length of fish were not particularly great, they represent a far greater
difference in average weight.

The variation in growth of salmon between the different 1qcalities
is shown graphically in Iigure 10. The most rapidly-groyvmg fish
were from Grand Lake and Cross Lake Thoroughfare. The seven
lakes represented in this figure rank on the basis of salmon growth
approximately in the following order: Grand Lake, Cross L‘ak(\,
Thoroughfare (Cross Lake and Mud and Long Lake fish), Cold
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Stream Pond, Rangeley Lake, Sebago Lake, Sebec Lake, and Moose-
lookmeguntic Lake (including Mooselookmeguntic Lake spawning
fish in the Kennchago River). The growth of salmon in Rangeley
Lake was about average for the seven lakes; the growth of Moosc-
lookmeguntic Lake salmon was considerably below that of all other
lakes. This difference in growth of salmon from Rangeley and Moose-
lookmeguntic lakes is striking if average weights are compared, as
for example: the 11 V-year fish from Rangeley had an average weight
of 55.8 ounces: while the five V-year fish from Moosclookmeguntic,
the four V-year fish from the Kennebago River spawning run (new
fish) in September, and the four V-year fish from the Kennebago
River spawning run taken on December 4, had average weights of
15.9, 19.6, and 21.7 ounces, respectively. A similar comparison of
the Vl-year-old fish also reveals a greater growth of Rangeley Lake
salmon over Mooselookmeguntic Lake fish, but the difference is not
so striking as in the V-year-olds. No comparison is possible from
the data on salmon from the Richardson lakes. The few salmon
obtained from Kennebago and Aziscoos lakes were small for their

agoe.

A eritical explanation for the differences in rate of growth of salmon
in the seven localities listed above, would require a detailed study of
prevailing conditions in each lake. Such studics have not been com-
pleted as yet for all of these lakes. One of the factors which might
be expected to have an effeet on salmon growth is the length of the
growing scason available to the fish. The length of the growing sea-
sons in the various large lakes in Maine, as indieated by the date on
which the ice “goes out”” in the spring (sce Figure 1), varics more than
a month.  This additional month of time in carly spring available
for fish to grow in some of the lakes must be ol some importance,
especially since the average growing season is short.  However, the
differences in growth of salmon between these seven lakes were not
entirely attributable to differences in length of growing scason. In
fact, the correlation between rapid growth of salmon (Figure 10)
and an carly disappearance of i¢e in the spring (Figure 1) was very
poor.

Size as related 1o growth history. Tt has already been mentioned that
salmon vary considerably in their growth history or in the number
of early years of slow growth, and that the change in growth rate is
usually very marked and is evident in the spacing of the circuli on
the scales. The great majority of the salmon from the Rangeley
region had the first two years of slow growth followed by rapid growth.
There was more variation, however, in the growth history of salmon
from Cold Stream Pond and Cross Lake Thoroughfare, and this
‘ariation afforded an opportunity to compare the size attained by
fish of different growth types. Average lengths for each sex in each
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age group having at least five individuals represented in two differ-
ent growth types are given in Table XXIX. All salmon, scales of
which indicated that the fish had spawned one or more times previ-
ous to the time of collection, were not included in this table; there-
fore, the comparison is based on only those individuals which had a
period of slow, presumably stream, growth followed by rapid lake
growth, and not interrupted by an alteration in the growth
rate due to development of maturity. Among these salmon from
Cold Stream Pond and Cross Lake Thoroughfare, there was a marked
tendency toward growth compensation; for those salmon which
had spent two years of slow growth and then started a rapid growth
presumably in a lake, attained about the same size at a given age as
did those individuals which had spent only one year of slow growth.
As an example the IV-year-old females from Cold Stream Pond on
November 11, 1936 included eight individuals which had spent one
year of slow growth and three years of rapid growth, and three indi-
viduals which had had two years of slow growth and two years of
rapid growth. The 1-III fish averaged 17.4 inches whereas the 2-11
fish were nearly as long at 15.3 inches. Also, among the V-year
males from this same collection the average lengths of fish in the
two growth types were nearly the same, or 18.6 and 18.8 inches.
Thus it might be concluded for Cold Stream Pond and Cross Lake
Thoroughfare that, from the practical standpoint of fish culture, it
does not make much difference with respect to ultimate growth of
those fish which do survive, whether they are held in hatchery rear-
ing ponds for one year and then liberated into a lake or whether they
are held for two or more years in the rearing ponds, giving them a
slight advantage in size, and then liberated into the lake. This ap-
plies only to the growth of those fish which do survive and does not
take into account the fact that there might be a much greater rate
of survival of those fish which are held in hatechery ponds for more
than onc year.

Of the 105 salmon examined from the Rangeley region, 102 fish
had the first two or three years of very slow growth, and only three
fish had started a rapid (lake?) growth after one year of slow growth.
The majority of the salmon planted by Maine state hatcheries in the
Rangeley lakes during the past five years were one year of age or
somewhat less, and, judging from the present growth studies, the ma-
jority of these planted fish did not begin, immediately, a rapid growth
in the open waters of the lakes. Rather, it appears that conditions
in the Rangeley region are conducive to a slow growth for the first
two years (one year after planting) before the salmon enter the open
waters of the lakes and begin a rapid growth on a smelt diet.

Age of salmon. The maximum age found by the present scale exam-
inations on 374 salmon was nine years, attained by three Moose-
lookmeguntic Lake fish in the Kennebago River spawning run. There

122

was no reliable indication of a sex difference in maximum age, but
the data were inadequate. The maximum ages of salmon from the
other lakes were mostly seven and eight years, but these differences
between localities are not considered particularly significant.

For the following data on relation of mortality to age, the Decem-
ber 4 Kennebago River fish and the fish from Cross Lake Thorough-
fare on November 6 to 13, 1938 have been excluded because the
samples were obviously selective. The remaining 329 salmon from
fall localities taken by random sampling from lakes and from spawn-
Ing runs were divided according to number of fish in each age group
as follows:

Age group: IIT v \% VI VII VIIX

Number of fish: 15 97 140 52 20 5

The variation in the above numbers was obviously the result of sev-
eral factors. The low number of ITI-fish was due in part to the scare-
ity of this age class in spawning populations. Normal variation in
abundance of year classes might have been involved ; of the 20 VII-
fish, 12 were from the Cross Lake Thoroughfare collection in 1936.
The “take’ of fish by fishermen would also affect the age-class distri-
bution, but it could not fully explain the above differences. On the
average the above salmon reached the legal length of 14 inches at
about four years of age, and the abundant V-year groilp included
mostly legal fish available to the angler. The data indicate that
IV-, V-, and VI-year fish make up the greatest part of salmon popu-
lations available to the fishermen. The great and continual decrease
in numbers of fish after the V-group might be attributable either to
fishing intensity or normal mortality; most likely it should be at-
tributed to both.

The data on age at maturity of salmon ‘n the Rangeley lakes are
given for individual fish in Table XXIV. The 60 fish from the Ken-
nebago River spawning run were all V-ycar fish or older; and the
scales of only three salmon had spawning marks to indicate spawn-
ing of fish at four years of age in carlier years. Of the III- and IV-
year fish taken from the various Rangeley lakes during the summer,
only one IV-year malc had adult-sized gonads. In four out of 11
V-year salmon and in one VII-year salmon from Rangeley Lake,
however, the scales indicated previous spawning at four years of age.
Of the ITI- and IV-year salmon {rom Sebago and Kezar lakes, only
one I'V-year male was mature, and only one had a spawning mark
indicating previous spawning at four years of age. In the spawning
runs of salmon in Cold Stream Pond there were several ITI-year fish
:}nd a large percentage of IV-year fish; in the Cross Lake Thorough-
farc spawning run there were no ITI-fish and a few IV-fish ; and in
the Grand Lake spawning run there were no III-fish but a majority
of TV-fish. From these data it is concluded that age composition of
spawning populations varies considerably between different loealities
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and within any one locality from year to year, and the age of salmon
at first maturity is mostly five years in the Rangeley region and
mostly at four years in some of the other lakes.

Survival after spawning. Most of the V- and all of the VI-, VII- and
VIII-year salmon taken from the Rangeley lakes during the summer
were adult fish apparently maturing for spawning in that fall; by
July the females had eggs approximately of mature size. Since a
certain percentage of the V-fish were not mature it should necessarily
follow that some of the VI-fish would not have spawning marks on
their scales. This was verified by scale examinations. The records
for survival after spawning, as based on identification of spawning
marks on secales, and based only on fish which had spawned or were
maturing to spawn in the year of caplure, were as follows:
Moosclookmeguntic Lake and Xennebago River:.
( V-year salmon, all were spawning for their first time,

Of 36 VI-year salmon, 7 were spawning for the 2nd time,
Of 11 VII-year salmon, 5 were spawning for the 2nd time, and 1 was spawning [or the 4th

time.

Of 10 VIiI-year salmon, 6 were spawning for the 2nd time, 1 for the 3rd time, and 2 lor the

4th time,
Of 3 IX-year salmon, 2 were spawning for the 2nd time, and 1 for the 5th time,

Rangeley Lake:
Of 10 V-year fish, 4 were maturing to spawn for the 2nd time.
Of 3 VI-year fish, 2 were maturing to spawn for the 2nd time,
The 1 VIl-year fish was maturing to spawn for the 3rd time,

Aziscoos Lake:
The 1 IV-year fish was maturing to spawn for its first time,
Of 2 Vi-year fish, 1 was maturing to spawn for the 2nd time,

Sebago Take:
One [V-year, 3 V-year, and 2 VI-ycar fish were maturing to spawn for the first time.

One VII-fish was maturing to spawn for the 2nd time.

Kezar Take:
Of 2 VI-year fish, T was maturing to spawn for the 2nd time, 1 for the 3ed time,

Cold Stream Pomd  (November 11, 1936):
Of 27 V-year males,
time.,

Of 27 V-year feamales, 7 were spawning for their 2nd time, and | was spawning for its 3rd

time,

Of 6 VI-year females, 2 were spawning for their 2ud thne, and 3 were spawning for their

3rd time,

Cold Stream Pond (le’(‘llli)(‘l' 10, 1937):
Of 4 ;
Of 5 Vi-year females, all were spawning [or their 2nd time,
The 1 VI-year male was spawning for its 3rd time.

30, 1936):

awning for i
pawning for its
spawning for their 2nd time,

s 2nd time.
2nd time,

Cross Lake Thoroughfar
Of 3 VI-year 1

Of 6 VII-year males, 5 wer

Of 6 VII-year females, 3 were spawning for their 2nd time, and 1 was spawning for its 4th

time (this fish was 20.75 inches in total length).

Grand TLake Stream: . . i
Of 9 V-year males, 1 was spawning for its 2nd time,
The 1 VI-year male was spawning for its 2nd tune,

Scbee Lake:
The 1 VI-year female had spawned twice.

The data on survival after spawning are summarized below for all
localities. Of the 374 salmon on which scale examinations were
made, 349 were adults, including spawning fish taken from spawning
runs, and summer fish maturing for spawning in the fall. The dis-
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5 were spawning for their 2nd time, and 2 were spawning for their 8rd

VI-year males, 2 were spawning for their 2nd time, and 1 was spawning for its 3ed time,

tribution of these 349 adult salmon according to age group and fre-
quency of spawning was as follows:

111

Age group: 111 v A\ / X
Number of adult fish: 7 87 138 V713 ‘gIlI VI110I chs t03419
Nll{{nbor spayyning Ist time .. .. 7 87 118 43 8 1 264
: " 2nd L0 17 25 17 6 2 67

. - 3rd .. .. 3 5 4 1 13
4th ¢ .. .. .. .. 2 2 4

“ “ s5th ¢ L.l . . . . S I 1

I'rom the above it is apparent that the spawning populations of
salmon in these lakes were composed largely of IV-, V—, and VI-year-
()l.d fish; and these _Spawning populations were also made up largely
QI “maiden” fish, or salmon spawning for their first time. Of the
349 salmon, 264 or 76 per cent were spawning for the first time, anc
only 24 per cent had spawned at least once before. Of those salmor
which lived to spawn twice, only about one-fifth lived to spawn ¢
third time.

The 24 per cent (85 fish) survival to two or more spawnings, wher
divided into component parts, reveals a striking difference betweer
su}]m()n in‘ the Rangeley region and those in other waters. Of the
8() :L.dult fish from the Rangeleys, 33 fish or 38 per cent were spawn
ing for at least the second time; of the 263 fish from all other locali
ties, 52 fish or only 20 per cent were spawning for at least the seconc
time.  Judging from the above figures, the Land-locked Salmor
gives much better returns of post-spawning fish for the angler thar
does the Sea Salmon (Salmo salar); Dahhs (1910), for example, founc
that, among the Sea Salmon in Norway, only about five per cen
lived to spawn for a sccond time.

The sccond-, third-, and fourth-spawning salmon were mostly th
larger individuals of each population; and correspondingly, most o
the large individuals had spawned previously.  While the numbe
of these larger fish in any one loeality is relatively small, neverthe
less', the value of these large individuals is far out of proportion b
their relative numbers, chicfly because they are such coveted prize
to the fishermen. Therefore, it is important that the spawning fisl
are handled with care and everything possible is done to favor thei
survival after spawning.

A selected group of seven large salmon was obtained from th
Cross Lake Thoroughfare spawning run during the period of Novem
ber 6 to 13, 1938. They were included among the fish previousl
mentioned, but are listed separately here because they revealed

' Dahl, Knut: 1910. The age and growth of salmon and trout in Nor £
, Kn way ¢
shown by their scales. 141 p. London: The Salmon and Trout Association. v
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variety of growth histories, and because they give further support-
ing evidence to the conclusion that most of the larger salmon had
spawned two or more times. Data on these seven fish are as follows:

Age in Body Total

growing Growth length: length: Weight:

Sex 86a30NS history inches inches ounces
Male VI 2-ITIS-I8 27.8 32.3 164
Female VI 1-V8 20.5 23.7 62
Male VII 1-TVS-IS-IS 28.2 31.9 188
Male VII 2-TIIS-IIS 26.2 29.4 163
Male VII 2-I1IS-1S-I8 26.5 30.2 144
Female VII 1-IVS-IIS 23.0 26.2 88
Female VII 2-TITS-IIS 27.1 30.8 174

The high mortality of Sea Salmon after spawning might be attrib-
utable, in small part at least, to the strain of the spawning migration
and the distance which the fish must travel after spawning to get
back to a suitable food supply. These factors must be of little or no
importance to the mortality of Land-locked Salmon in Maine. In
Cold Stream Pond, for example, the fish have almost no spawning
migration at all, and they are put back into the lake in apparently
excellent condition after being stripped. The stream spawning runs
of the Land-locked Salmon in Maine waters in general are rarely
over a distance of six to eight miles and are mostly much less.

Age and Growth of Brook Trout (see Tables XXX to XXXII)

The 408 Brook Trout on which the present study on age and
growth has been based included 242 fish from the six Rangeley lakes
as follows: 25 from the Richardson lakes, 45 from Mooselookme-
guntic and Cupsuptic lakes, 78 from Rangeley Lake, 80 from Ken-
nebago Lake, and 14 from Aziscoos Lake. All Rangeley fish, except
one, were taken by gill nets and presumably represent random sam-
ples (sce page 66), and all were taken from the lakes themselves and
not from tributary streams. The remaining 166 trout were from six
lakes and ponds in other parts of the state, as follows: 41 from Adams
Pond in Bridgton, 3 from Sabbathday Lake in New Gloucester, 22
from Quimby Pond in Rangeley, 57 from Horseshoe Pond in West
Bowdoin College Grant, 39 from Tim Pond in T. 2, R. 4 of Franklin
County, and 4 from B Pond in Upton. The trout from Horseshoe
Pond and B Pond were taken by hook and line, those from the other
ponds by the experimental gill net (same as used on the Rangeley
lakes); all collections were presumably random samples.

The age determination of Brook Trout by the scale method is
somewhat more difficult than that of Land-locked Salmon. Under
sufficient magnification, however, the scales are “readable,” and the
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great majority of the present age determinations are believed to be
accurate. The same characterization of the winter mark, as previ-
ously indicated for salmon scales, holds true for trout, namely: a
marked crowding or narrow spacing of the circuli of fall growth, fol-
lowed by a wide spacing of the circuli of spring and early summer
growth. In contrast to the salmon scales, however, the trout scales
did not show the extreme and consistent demarcation between scale
areas representing very slow growth in early years and scale areas
representing rapid growth in lakes after the first two or three years
of life. Also, no trout scales revealed any signs of spawning marks;
however, there was no question but that many of the trout had
spawned in years prior to the date of sample.

Growth according to sex. Average lengths and weight, by sex and
age group, of all of the trout in each locality are given in Table XXX.
Both sexes are represented in 33 separate age groups. If the average
body lengths of the two sexes in each age group are compared, the
males exceeded the females in length in 18 age groups, the females
exceeded the males in 14, and the two sexes were of the same length
in one age group. The present data, therefore, do not appear to
indicate any significant sex difference in rate of growth.

Growth of trout in different lakes. The average lengths of trout by
age groups (sexes combined) for the various localities revealed a
striking similarity in the rate of growth of the Brook Trout in the
different Rangeley lakes (Tables XXXI and XXXII and Figure 11).
The growth curves for Mooselookmeguntic, Rangeley, and Kenne-
bago lakes are practically identical, but with some variations among
the different year classes. The curves for trout in the Richardsons
and Aziscoos lakes reveal average Rangeley growth of the IT- ITI-
and IV-fish but a slightly smaller size for V-year fish; the numbers
of trout from the Richardsons and Asziscoos were inadequate for
detailed comparison, however. The somewhat greater numbers of
fish in the older age groups together with a slightly faster average
growth explains the greater average length and weight of trout from
Mooselookmeguntic Lake (Table XXXII). On the average, the
body lengths of consecutive age groups of trout in the Rangeley lakes
as a whole were approximately as follows: 714 inches at 2 years,
834 inches at 3 years, 1034 inches at 4 years, 1314 inches at 5 years,
16 inches at 6 years, and 1814 inches at 7 years. The average total
lengths (length used by fishermen) of all Rangeley trout by year
classes were as follows (from Table XXXII): 8.4 inches at 2 years,
10.0 at 3 years, 12.1 at 4 years, 14.8 at 5 years, 18.1 at 6 years, and
20.7 at 7 years. Similar data on average weight for these six age
groups were: 4.8, 5.9, 11.4, 22.7, 47.2, and 60.1 ounces, respectively.
Thus, while the growth curve in length of Rangeley trout follows
closely a straight line, the growth curve in weight swings sharply
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Figure 10. Age-length curves for Land-locked Salmon (Salmo sebago) from
seven lakes and ponds in Maine. Data are from Tables XXVII and XXVIIT.
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Figure 11. Age-length curves for Brook Trout (Salvelinus f. fontinalis) irom the

six Rangeley lakes and three other ponds in Maine. Data are from Table XXXI.
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TABLE XXX. Average standard or body length (does not include tail) and average weight for each sex of each age group
of Brook Trout (Salvelinus f. fontinalis) from twelve lakes and ponds in Maine
Number of growing seasons (summers of life) completed or partially completed
(Includes the season or year in which fish were caught for all except those marked by an asterisk)
Lake, and
date of Sex II 11T v v VI VII
collection —y——— — [ | e — —— -
Body ! Body Body Body Body . Body
length| Weight length| Weight length] Weight| length| Weight length| Weight length| Weight
No.| in in No.| in in No in in No.| in in No.| in in No.j in in
fish | inches] ounces § fish | inches| ounces j fish | inches| ounces | fish | inches| ounces | fish | inches} ounces | fish | inches| ounces
Lower Richardson Male | oo | covn [avvnn [ en fanee | aunnn 4 010.9 128 o fueee fvnene oo vans [ e e [ e
Aug. 10 to 11, 1939 Female | .. | .... | .o oo | oo | ouii 4 9.9 9.8 1] 1.8 4.1 .. | evee | vven | ee | oo b,
Upper Richardson Male 2 9.1 7.2 3110.7 10.1 .. B O | S (OO U U IO R
Aug. 1 to 11, 1939 Female § .. | .... | ..... 7 8.3 5.8 1 9.6 7.9 3113.0123.3 .. |....|..... ..
Mooselookmeguntic
and Cupsuptic lakes Male | .. ... [ oo, 4 9.8 7.9 4] 11.5 | 14.8 7113.8128.1 .. B R A
July 19 to 31, 1939 Female T 7 9.2 7.0 8| 10.6 | 11.0 3| 12.2 ) 18.1 2017.2184.9 (..o | e
Mooselookmeguntic
and Cupsuptic lakes Aale PP U B b1 8.8 6.0 d .. | ... ] L. 113,58 217 oo b oo L eeiee v b oven | eeenn
Aug. 15 to 17, 1939 Female | .. ceve 1 8.9 4.5 e oo b [ TR R T D T T N I
Mooselookmeguntic
and Cupsuptic lakes Male f§.. | .... | ..... 14.8 | 30.3 1016.3 42,1 .. .o | ceenn
Sept. 11 to 12, 1939 Female IR RN IR 12.9 | 16.3 B | S AT
Rangeley Lake Male 4 7.0 3.3 ¢ 3 8.4 12.7 | 22.9 — RV B AP RO
July 8 to 14, 1939 Female 2 8.1 5.2 11 8.8 11.6 | 153.5 1] 15.6 | 42. 4 1] 17.3 ] 69.6
Rangeley Lake Male 1 6.8 2.4 1 9.1 14.8 130.4 ¢ 1/(16.1 327 .. | ... ...
Aug. 28 to Sept. 10, 1939 | Female . T I 1 9.5 18.3 | 36.7 § 1| 16.0 | 37.7 § .. [ ci.o { aean.

Kennebago Lake Male 1 7.8 6.3 H 12 9.3 6.3 18 1 10.7 | 10.4 4| 14.3 | 27.5 3 16.1} 38.5 1

Aug. 17 to 23, 1939 Female || .. R N i 8.8 5.5 20 | 10.2 8.7 3| 14.5 ) 27.1 2 14.2) 26.1

Aziscoos Lake Male | 1| 7.5| 4.4 @ 3| 85| 51 | 5| 10.1]12.4 | 1|18 |19 & .. ... |..... L

Aug. 31, 1939 Female § .. | .... | ..... .. I N 2 9.9 7.8 2112.8122.5 .. ...l ..

Adams Pond o - | e

Bridgton Twp. Male 24 7.9 3.1 1110.7 {114 . R T TS DO

July 1 to 2, 1938 Female | 14| 7.8 | 4.7 1]10.6] 12.1 1105 | 185 | .. o - .. o
" Sabbathday Lake o R -

New Gloucester Twp. Male A 1 8.2 4.9

Aug. 14 to 18, 1937 Female 9.6 7.2 1110 12.1 R

B Pond I N

Upton Twp. Male ... b aeeecd s o e 101251 17.5 T P TR T ST PO S

July 1 to 2, 1037 Female | .. | ... | . ... I RO DO B R 30115.0(331 .. | ... . I

Quimby Pond o ) I R I B -

Rangeley Twp. Male 5 8.0 6.1 & 3 8.1 5.8 3 12.9 .

July 23 to 24, 1938 Female | 10 7.9 3.4 01 9.3 8.9 R e

Horseshoe Pond ﬁ‘#_ - T

West Bowdoin Male 3% 6.0 ' 7.1 ... 3k 80| ..... 5 - 2 T PR AR AV IR AP PO

College Grant Female | .. Ce. 6.9 ..... 4% 7.2 0 ..., ¥ 0.0 ..o o | oeve | ounns

T A L D D e e e e B R IR IR AR AR IR

Tim Pond T T

T.2,R. 4, Male .. | ... | . ..., i 13 7.8 3.9 5 8.3 4.7 2 8.3 4.2 1 15.1)30.4 | .. | ceee faann

Franklin Co. Female | .. | .... | ..... i3 7.9 4.1 12 8.4 4.7 3 9.1 5.5 .. PP T P (R

Sept. 13, 1939 i




TABLE XXXI. Average, and range (in parentheses) of standard (body)
length, total length (including the tailg,
of Brook Trout (Salvelinus f. fontinalis

and weight for each age group
from twelve lakes and ponds

in Maine
Age in
Lake, and growing Number Standard Total length
date of s€as0ns [ (body) (includes Weight
collection or fish length tail) in in
years® in inches inches ounces
Lower Richardson v 8 10. 4 11. 8 11.3
Aug. 10 to 11, 1939 (9.0-12.3) | (10.3-13.9) (6, 8-20.2)
A 1 11.8 12. 9 14.1
Upper Richardson 111 9 8.6 10.0 6.1
Aug. 1to 11, 1939 (7.6-10.3) (8. 9-11.9) (3. 6-10. 3)
- v 4 10.4 11.9 9.6
(9.6-11. 1) | (11.1-12.3) (7. 9-10.6)
v 3 13.0 14. 8
(12.0-15.0) | (13.4-17.1)
Mooselookmeguntic and I 13 9.3 10.5 7.0
Cupsuptic (7. 5-10. 1) (8.3-11.5) (3.6-9.0)
July 19 to Sept. 12, 1939
v 16 11.3 12.8 14.
(8.2-14.6) (9. 5-16.5) (4. H-31.5)
v 13 13.4 15.1 24.6
(11.5-16.7) | (13.3-18.5) |(13. 8-46.4)
V1 3 16.9 18.9
- (16. 0-18.4) | (17.8~20.9)
Rangeley II 7 7.3 8.2
July 8 to Sept. 10, 1939 (6.7-8.8) (7.5-10.1)
I 22 8.8 9.6 | 56
(6.6-9.9) (7.8-11.1) (3.2-9.7)
18% 36 10.8 12,2 12.6
(8.8-13.7) (9. 9--15.4) (6. 5-23.2)
A\ 9 13.5 26. 6
(10.9-18. 3) (12.2-56.7)
Vi 3 15.9 17.9 37.6
(15.6-16. 1) | (17.5-18.3) |(32.7--42.4)
VII 1 17.3 19.5 69. 6
Kennebago II 1 7.8 8.5 6.3
Aug. 17 to 23, 1939 —— —
I1I 28 9.0 10.2 5.8
(7.3-11. 5) (8.3-12.8) (3.5-10. 4)
v 38 10. 4 11.9 9.5
(8.0-13. 3) (9.4-15.3) (4. 3-22. 4)
v 7 14. 4 16. 4 27.4
(13.0-16.5) | (15.1-18.9) }(16.9-51.4)
V1 5 15.4 17. 4 33.5
. (13.8-17.1) | (16.3-19.5) [(26.1-49.0)
VII 1 19.8 21.8 50.6

§ . * Age in growing seasons means the number of growing se
partially completed by the fish at the time
had made no scale growth in 1939; there
The trout from all of the remaining ponds

they were collected.

asons or summers of life completed or
The June 2 fish from Horseshoe Pond
fore the 1939 growing season is not included in their age.
had made more than half of a normal year’s scale growth

during the summer in which they were collected; their age, therefore, includes the year of capture.
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TABLE XXXI. Age of Brook Trout—Concluded

Lake, and Age.in Number Standard Total length ‘Weight
date of growing 0 (body) (includes in
collection seasons fish length tail) in ounces
or in inches inches
vears*
Aziscoos I1 1 7.5
Aug. 31, 1039 - >0 it
111 3 8.5 9.6 5.1
(8.0-9.0) (9.0-9.9) (4.4-5.7)
Iv 7 10.7 12.0 11.1
(9.0~13.8)} (10.3-15.0) | (6.5-23.1)
A\ 3 12. 4 14. 0 20.0
o (11.5-14.0)| (13.0-15.9) |(14.1-30.9)
Adams Pond 1T 3 7.9 9.0 4.9
ridgbon Twp. 6.8-9.1 L9-—- 5 E "9
July 1 to 2, 1938 - © | @005 | @401
111 2 10.7 12.0 11.8
(10.6-10.7)| (12.0-12.0) [(11.4-12.1)
v 1 11.5 12.6 13.5
Sabbathday IT1 1 9.6 10. 8 p
New Gloucester Twp. Aug. 0.8 T2
14 to 18, 1937 v 2 9.6 11.1 8.5
o (8.2-11.0); (9.4-12.7) (4.9-12. 1)
B Pond v 1 5 4
Upton Twp. ISR 12.5 14.4 17.5
July 1 to 2, 1937 \% 3 15.0 17.2 33.1
o (14.0-16. 4) (16. 3—18. 8) [(28.6—40.8)
Quimby Pond IT 15 9.2 5
Rangeley Twp. ’ 7.9 ¥ 8) 3 7)7—”77 3)
July 23 to 24, 1038 AU [ sl R
11L 4 8.4 9.6 6.6
) (7.6-9.3) (8. 8-10.6) | (5. 0-8.9)
1v 3 12.6 14.4‘ 22.1
o B i (12, 0-13.0)| (13.8-14.8) |(21.7-22.7)
Horseshoe Pondd 1T 3 T 6.0 | -7 0
West Bowdoin College CGrant 5. 06, 2 5. 9-7. ¢
e e olleg ran o B (5. 9-6.2) (h: .») 7.3 e
ITT 45 8.2
(7.229.3)
v 7 7.5 8.8
(6. 6-8. 6) (7.7-9.9)
v 2 8.8 10,2 3 -
o (8.5-9.0) | (9.8-10.6)
Tim Pond m | W ‘ 30
1.2, R4 Q. 6 -
Tranklin Co. | — - —(ih “;?l—— 14—2)-—
Sept. 13, 1939 IV 17 9.7 4.
(9. 1-10. 3) (3.6-6.2)
v 5 8.8 10.1 5.0
(8.3-9.8) | (0.6-11.3) | 4.1-6.2)
VI 1 15.1 17.5 30. 4 -
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TABLE XXXII.
all age groups combined, of Broo
lakes and ponds in Maine, an

The number of speeimens upon which cach average is based is giv
this table have been extracted for comparison.,

Average total length and aver:
k Trout

based on survey collections

specimnens,

age weight for each age group, and for
(Salvelinus f. fontinalis) from twelve
d for the six Rangeley lakes combined,

en in Table XXXT from which tl_\(' figures in
All figures given in heavy type are averages bhased on five or more

g a 5 % °
[« -~
& 2 .2 [y e =
E & 28 L% = = g
3 2} =) Oy o - S ™
o sl ga o g5 =] = o
= B o] 5 ) ° ] [ L =]
B 1 E |8 st 2 le |52 |2 <] 512 | &8
Age in 5 5|8 T e | 8 8| 2 e s | £ z &
growing 1] 5} g’g ) =1 e T g 2 S E & o
seasons® 3 2 %] g g B =5 =S 2 5 ] £
[ j5) = 5 M -~ = - A m & =
1 82| 85| 95| 84| 90 9.2 7.0 ....
w0 feee e — | — {— — - || e
£ 111 0.0 105 9.6 |10.2| 9.6 10.0] 12.0 | 10.8 9.6 | 82| 91
R I T 10 128 | 12.2 | 119 | 12,0 | 12.1 | 126 | 11.1 | 14.4 | 14.4 | 8.8 9.7
= v 4.8 | 15.1 1 15.3 | 16.4 | 14.0 | 14.8 17.2 10.2 | 10.1
&N | —— - PO, | E——— S . ,.‘:_
g VI 18.9 | 17.9 | 17.4 18.1 7.5
Ei vir | . 05 21 20.7 | - .
o _ _ _ R N — - —
B | Allage .
dases® | 11,9 | 11.4 [13.2 | 10.8 [ 12.1 | 11.6 | 12.0 1.0 16.5 | 10.0 | 8.3
I 6.3] 4.4 4.8 49 5.7
T 58| 51| 59| 168 7.2|.... | 6.6 3.9
8 [ L o R
g v 0.5 | 11.1 || 11.4 [ 13.5 | &5 ] 17.5 | 221 4.7
g |0 ) Mititoll Mkl B ! &7
: v 27.4 | 200 | 22.7 3.1 5.0
b VI 33.5 47.2 30. 4
= [ et i - - e
g VI 50. 6 60. 1 e
All age - 5.1
e 6102188 | 132 s |12 128 55| s |22 81 :

# See footnote to Table XXXIT.

#% Averages of the values given in this table for the individual lakes.
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upward after the third year. The rate at which fish add length and
weight to the body gives a clearer picture of rate of growth. The
8.4-inch fish at 2 years add 1.6 inches during their third year, 2.1
during the 4th year, 2.7 during the 5th, 3.3 during the 6th, and 2.6
during the 7th year. In weight, on the other hand, the 4.8-ounce
fish at 2 years add 1.1 ounces during their third year, 5.5 ounces
during the 4th, 11.3 during the 5th, 24.5 during the 6th, and 12.9
ounces during the 7th year.

The trout from Adams and Quimby ponds were fairly fast-growing
fish, as compared to trout in the Rangeleys; the trout from Horse-
shoe and Tim ponds were definitely very slow-growing fish. The
few fish from Sabbathday Lake and B Pond were considerably above
average in size for their age.

Certain of the locality differences in growth of these trout are
cxplainable on the basis of known facts concerning available food
and density of the trout populations. It has been pointed out by
several investigators? that trout living strictly on an insect diet do
not reach so large a size as do trout living on a dict of fish. The pres-
ent findings are consistent with this statement. Tlorseshoe and Tim
ponds were reported by local residents to contain no fish except trout;
and no fish, except one small Brook Trout, were found in stomachs
of trout from these ponds (Table XVIIT). On a diet almost strictly
of inscets, water-fleas, and other invertebrates, these trout were
growing to a maximum length of about 11 inches. (The single 15-
inch trout from Tim Pond was reportedly the largest one ever scen
in the pond by local residents, and was presumably a cannibal.)
Trout in Baker Mountain Pond were feeding mostly on inscets and
other invertebrates and no fish (Table XVIII), and local residents
reported that trout seldom cexceeded 12 inches in this pond.  Trout
in Quimby Pond, feeding entirely on inseets and other invertebrates,
had made fairly rapid growth, but reportedly rarcly excceded 13
inches in length.  The difference in growth of trout in Quimby and
1lorseshoe ponds was attributable to food and trout abundance.
Quimby was much richer in bottom food organisms (Table XIII),
wag fished much more heavily, and, according to our observations,
had a less dense trout population. The fairly fast-growing trout
from Adams Pond were presumably all hatchery fish.  The trout
which had been stocked in Adams were mostly legal-sized fish, and
there was, therefore, an element of uncertainty as to how much of
their growth had been made in the pond itself; the largest trout
taken from the pond was 12.6 inches long, and all had been feeding
mostly on plankton and bottom insects. In comparison to the slow
growth and/or short life span of the trout in Horseshoe, Tim, Quimby,

1 Kendall, W. C., 1918: The Rangeley Lakes, Maine; etc., sce p. 579. Also
Ricker, William E., 1931: Feeding habits of speckled trout in Ontario waters. Trans.
Amer. Fish. Soc., Vol. 60 (1930), see p. 68.
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Baker Mountain, and Adams ponds, the trout in all of the Rangeley
lakes, on a fish diet, grow more rapidly and/or live to a greater age.

Age of Brook Trout. The maximum age among the 408 trout on which
scale examinations were made was seven years, or two years less
than that found for the Land-locked Salmon. The individual records
for some of the oldest and largest trout obtained were as follows:

Mooselookmeguntic T.ake:
Female, 20.9 inches, 734 pounds, age 6 years
Male, ° 18.0 inches, 2 pounds 10 ounces, age 6 years
Rangeley Lake:
Temale, 17.5 inches, 2 pounds 10 ounces, age 6 years
Female, 17.8 inches, 2 pounds 6 ounces, age 6 years
Temale, 19.5 inches, 4 pounds 6 ounces, age 7 years
Kennebago lake:
Male, 17.3 inches, 2 pounds 3 ounces, age 6 years
Male, 19.5 inches, 3 pounds 1 ounce, age 6 years
Male, 21.8 inches, 3 pounds 3 ounces, age 7 years

It is of some interest that the heaviest trout was neither the longest
nor the oldest.

The age frequency distributions of trout from the Rangeley lakes
and from the six other ponds concerned were as follows:

Age group: I 111 v v VI VII
Number from Rangeley lakes. ......... 9 75 109 36 11 2
Number from other ponds. . ........... 56 68 31 10 1 ..

Net sclectivity among Il-year fish, scarcity of IT-year fish in the
lakes, variations in abundance of year classes, and fishing intensity,
probably all had some effect on the above age distribution. Trout in
the Rangeleys reach the legal length of 10 inches in the two Rich-
ardsons, Mooselookmeguntic, and Rangeley lakes by their third
year, and the legal lengths of 8 and 7 inches in Aziscoos and Kenne-
bago lakes somewhat sooner. Therefore the great majority of the
trout which the survey found to be present in these lakes were avail-
able to the angler. The legal size limits of 7 and 8 inches for Tim,
Horseshoe, and Quimby ponds also makes most fish in the above

age classes for these ponds available to fishermen. The above figures .

indicate that trout in the Rangeleys live longer, on the average, than
do trout in the smaller ponds. The decline in numbers of fish after
the IV-group in the Rangeleys and the 11I-group in the smaller ponds
is attributable partly to normal mortality (see data for the very lightly
fished Horseshoe Pond — Table XXXI1) and probably partly to fish-
ing intensity.

Records of maturity of individual trout from the Rangeley lakes
are summarized only for the females, as follows (data for males are
unsatisfactory): 33 out of 43 IIl-year fish were maturing to spawn
in the fall; 11 out of 20 IV-year fish from Kennebago Lake and all
IV-year fish from the Richardsons, Mooselookmeguntic, and Range-
ley lakes were mature; and all fish older than IV years were mature.
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Since all IV-year fish from the lakes except Kennebago, and all V-,
VI- and VII-year fish from all of the lakes were developing eggs for
spawning in 1939, it is concluded that all of these older treut in the
Rangeley lakes spawn probably every year.

TRIBUTARIES OF THE RANGELEY LAKES

Information on water temperatures, amount of water, abundance
of insect food, the extent of pools and cover for fish, and the fish
populations of most of the larger tributaries of the Rangeley lakes
was obtained by the 1939 survey. A partial summary of this infor-
mation, and an evaluation of these waters as breeder streams for
trout and salmon, are given in this section.

Tributaries of the Richardson lakes

Metallock Brook. This brook was examined on August 10. The
water temperature was 66 degrees I'ahrenheit at 12 Noon. The
water flow was approximately 4 cubic fect per second (e. f. s.). The
pools were found to be of low carrying capacity and were given a C
grade. Bottom food organisms were quite rare, and the stream was
graded as III for food. Young trout were much more abundant than
young salmon.

Mosquito Brook. August 10. Water temperature 66. Water very
dark brown and acid. Ilow 1 ¢. f. s. Pools A. Food III. Suitable
for stocking with trout, but not salmon.

Beaver Brook, the outlet of Big Beaver Pond.  August 10. Water
temperature 77, with air temperature 72; stream decidedly too
warm for stocking either trout or salmon. Flow 134 ¢. f. s.

Tributaries of Mooselookmeguntic Lake

Cupsuptic River. September 13, Water temperature 56. Flow
estimated at 70 to 90 ¢. [. s. Pools B. Good III. Trout abundant.
The most important breeding stream of the trout in Mooselookme-
guntic.

Toothaker Brook, tributary to Cupsuptic River. September 13.
Water temperaturc 54. Flow 5 ¢. f. s. Pools B. Food III. Young
trout very abundant.

Kennebago River, below Oquossoc Light and Power Company
dam. September 12. Water temperatures 56, 59, and 61. Flow
estimated at 80 c. f. s. Pools B. Food III. Young salmon more
abundant than trout. The most important breeding stream of the
salmon.

Bemis Stream. August 12. Water temperature 62. Flow 300
gallons per minute (g. p. m.). Pools B. Food IlI. Brook Trout
abundant; no salmon seen. A good trout breeder stream.
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Tributaries of Rangeley Lake
South Bog Stream. July 9. Water temperatures 68 and 72; tem-

peratures approaching upper limit for trout. Flow 4 c.f.s. Pools
B. Tood grade III. Trout abundant; no young salmon seen. A
very large population of minnows and suckers present, undoubtedly
seriously competing with the trout for food. The best trout feeder
stream on Rangcley Lake.

Dodge Pond Stream. September 7. Water temperature 54. On
September 7 there was no water running out of Dodge Pond, and
the stream was dry to pools. Young salmon were abundant in these
few pools between Dodge Pond and Rangeley Lake. No trout seen.
Competing minnows abundant. The stream is a breeding ground
for Rangeley Lake salmon, but it has very low carrying capacity for
the young.

Long Pond Stream. September 7. Water temperaturc 58 with
air temperature 54 (temperatures of little significance). Ilow 100
g. p. m. in lower section. Upper section nearly dry to pools, with a
flow of 25 g. p. m. out of Long Pond. Pools B. Food II. Trout
common; Do salmon seen. A fair feeder stream but of low carrying
capacity.

Hatchery Brook. September 7. Water 54. Flow 75 g.p.m.
Stream very small.

Quimby Brook. September 7.  Water 50. Flow 40 g.p.m.
Stream very small.

Tributaries of Kennebago Lake

Flatiron Brook. August 24. Water temperature 67. Ilow 100

.p.m. Pools C. Trood II1. Lower section of stream precipitous,

and filled with large boulders. Stream not accessible for trout from
the lake.

Wilbur Brook. August 24. Water temperature 60.  Ilow 150
g. p. m. Pools B. Tood 1I. Young trout very abundant; no other
fish seen. Stream small but accessible to fish from the lake, and is
of some value as a feeder stream.

Big Sag Brook. August 94 Water temperature 76, or near the
maximum for trout,” with an air temperature of 82. TFlow 5 c.f.s.
Pocls B. Food 1I. Young trout rare; no salmon seen. The lower
section of the stream is of some value as a trout feeder stream for the
1ake, but is limited because of high temperature.

Little Kennebago River, up to Little Kennebago Lake. August
94, Water temperature 76, with an air temperature of 80. Flow
90 ¢.f.s. Pools B. Yood II. Young salmon much more abundant
than young trout. The two-mile section of this stream has a large
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carrying capacity for young fish, but apparently is much bette i
r suited
‘;({) salmon than to trout. It was reported that salmon have been in
. ennebago Lake for about 30 years, but are still not nearly as abun-
ant as trout. It appears, therefore, that the present preponderance
of young1 salmon over trout in the Little Kennebago River does not

necessarily mean that the salmon is on the ver f i
the trout in Kennebago Lake. ge of outnumbering

Tributaries of Aziscoos Lake

Magalloway River. Scptember 8. Water t i
' 1 . Se r 8. ater tempe ; ¢
estimated at 50 c. f.s. Pools B. Tood III. perature 60 Hlow

Little Magalloway River. Sept
] . ptember 8. Water tempe
Tlow 11 ¢. f.s. Pools C. Yood III. ler temperature 54

Meadow Brook. September 9. Water tem
9 ’ ’ . » t .
¢.f.s. Pools C. Food III. perature 55.  Flow

Twin Brook. September 1. Water t '
Pt Brook.  Bep cr temperature 54. Flow 4 ¢. f. s.

Lincoln Brook. September 8. Water tem ’ '
. / Lo ] T 8. > mperature 53. I
ce.f.s. Pools B. Tood II. perature 53, How 1

Big Brook. September 8. Water temperat ) f
( ple . ater temperature 52. '
Pools C. Tood 11 I b How o oL

. Iln addition to the above survey data on the tributaries of Aziscoos
ake, water temperatures taken during the summer of 1937 by Dep-
. el Tl o 4 : g /
uty Warden Charles Smart were available, as follows:

Big Magalloway River:

. & : July 29— 65° It

(fast water, below Parmachenee 1.) ALlllg;l. 2;— géo }:‘
Aug. 8—72° I7,

Big Magalloway River:

i July 29— 64° I
(fast water, above Parmachenee 1..) oy 2 e

Aug. 3—65° I,
Aug. 14 — 64° T,
Little Magalloway River (last water): July 25— 68° 1¢
Hurricane Brook (fast water): July 24— 58° It
July 26— 60° T,
Aug. 9—60° I
Aug. 13— 60° I,
July 25— 60° T2,
Aug. 14 — 58° I,

Meadow Brook (fast water):

Big Brook: Aug. 3—65° T
Aug. 14— 64° 1.
Twin Brook: Aug. 13— 56° F
Aug. 14 — 56° IV,
Lincoln Brook: Aug. 14 —64° I

The qbove dgta on the tributaries of the Rangeley lakes may be
summarized briefly as follows: Mocselookmeguntic and Aziscoos
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lakes have tributaries with more extensive spawning grounds and a
much greater potential capacity for the production of young trout
and salmon than do the other four lakes; and these two lakes should
be the more self-sustaining in fish production under heavy fishing
intensity. The potential capacity of the tributaries of Kennebago
Lake and the Richardson lakes is considerably less, and apparently
insufficient to support intensive fishing on the lakes over a period of
years without some aid by artificial proprgation. Rangeley Lake is
the most poorly supplied with good tributaries, unless the five small
surrounding ponds and their tributaries are considered as a source
of natural stocking for the lake.

THE FISH POPULATIONS AND FISHING INTENSITY
IN THE RANGELEY LAKES

The results of the present survey on the Rangeley lakes as de-
seribed on preceding pages of this report have much more signifi-
cance and greater applicability when considered in connection with
a knowledge of the present and past fishing intensity and a knowl-
edge of certain changes in size and abundance of trout and salmon
in the lakes. The late Dr. W. C. Kendall,? in his 1918 report on
these lakes, included a great deal of information on the history of
fishing, of catch records, of size of fish, of relative abundance of trout
and salmon, and of other factors; most of this information was ob-
tained by Kendall from reports (presumably mostly reliable) in
early sporting magazines, books, and newspapers, and from records
in local sporting camps and hotels. Historical data on fish and fish-
ing have been extracted from Kendall’s report, and some informa-
tion hag also been otbained from other sources. Information on
present fishing intensity and on the numbers of {rout, salmon, and
smelt taken from the Rangeley lakes per year have been obtained
from records kept by the local Fish and Game Wardens. Some in-
formation has also been obtained from local guides and fishermen.
Information on past and present stockings of fish, and other data on
the fish populations, have been obtained from members of the fish
hatchery service. The purpose of this scction of the present report
is to present a summary of this available information on the history
of the fish populations and of the intensity of fishing, and to corre-
late it with the results of our 1939 survey as a basis for various fish
management recommendations.

Early Fishing. The Rangeley lakes have furnished excellent Brook
Trout fishing since the days of the first local settlers and visiting
sportsmen. Perhaps some of the accounts of this early trout fishing

2 See footnote p. 11.
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which have been passed along by word of mouth for two generations
have “stretched” the actual facts somewhat. On the other hand,
there are numerous and apparently reliable reports in many early
books and sport magazines whkich do give a picture of fishing condi-
tions in the past. There is good reason to believe the current reports
by the older sportsmen now fishing the Rangeleys that in years past
there were hundreds of pounds of trout dumped into the garbage
can because the supply of fish and the fisherman’s appetite for fish-
ing were far greater than his capacity to consume his catch.

One of the earliest books on fishing in the Rangeleys, which has
come to the writer’s attention, contains considerable information
which is of interest when compared with the findings of the present
survey. The book in question is by R. G. Allerton®-(1869), one of
eleven members of the Oquossoc Angling Association who made a
“trout fishing excursion” to the Rangeley lakes in the month of June,
1869; the book is a description of that trip. The Oquossoc Angling
Association’s camp was located at the mouth of the Kennbago River
and it seems probable that the Association members fished on Moose-
lookmeguntic and Rangeley lakes, and Kennebago, Cupsuptic, and
Rangeley streams, if not more extensively. (The author does not
state cxactly where the fishing was done, but merely that it was a
fishing trip to the Rangeley lakes.) The extensive detail of the fish-
ing records given by Allerton is quite unusual and supports the pres-
ent writer’s belief that the records are reliable. Allerton’s records
arc of some interest in conncction with the number of fishermen
visiting the Rangeley region during a portion of June, 1869. He
states that, in addition to the eleven members of the Oquossoe Ang-
ling Association, “Numerous other angling parties visited the fishing
grounds during the stay of the Oquossocs, and all were very success-
ful in taking trout. Below will be found the names of a few of the
angling gentlemen present:” (The author then lists the names of
eleven visiting fishermen.) If eleven constituted “a few’’ of ‘“‘num-
erous other angling parties,” it seems safe to assume that there were
at least 50 to 100 fishermen (and possibly morc) present during this
month. This represents a fairly heavy concentration of fishermen
for that time, considering the fact that fishermen had to travel by
stage or buckboard and over poor roads for a distance of about 25
miles in order to reach the lakes from the nearest railroad. The
number of fishermen at that time, however, was hardly comparable
to the present fishing intensity of over 8,000 fishermen-days per year
on the Rangeley lakes (Table XXXIII).

The most instructive part of Allerton’s book is the section giving

y 20 ﬁllelr_’con,AR. G..;t‘186%. Br(t),ﬁk trol\lit fishing. An account of a trip of the Oquos-
soc Angling Association to northern Maine, in June, 1869. Pri i
BBrowne, 164 Fulton Street, New York. rinted by Perris and

141




records of the number and weight of Brook Trout caught in 1869
by the eleven members of his party. It follows:

Tollowing is an exact account of the numbers and weights of thirty brook
trout taken by eight of the party; average time of fishing about six days each.
In this list none are mentioned under four pounds each, although an immense
quantity of smaller ones were taken. It is, without doubt, the greatest catch
of large brook trout by any one party, in the same time, ever known; and the
world is challenged to produce a record that will surpass or even equal the
following:

WEIGHTS AND NUMBERS OF THIRTY LARGE
BROOK TROUT

3 Brook Trout ................. 4  pounds each.
1. ay

13 113
1 . SRR 414 :j
2. 434 each.
3 ¢ e 5 “ “
1 j: :: ................. 534 ‘:
4 . 5l ¢ each.
2 (43 (19 6 (4 13
2 Co el «“
% 11 o Tt 6% 11 13
1 “i : ................. 7Y i:
1 S R R PR 7%
3 “ .8 “ cach.
1 ¢ L 1Y% ¢
1 (13 & ()é {6

Making 30 Trout, total weight 18114 lbs., averaging over 6 Ihs. cach.

The ‘“‘taking” was pretty fairly divided among the party; but a few items
of individual skill will be of interest.

Mr. Cooke was fortunate cnough to return to camp on the evening of
June 2nd, with a magnificent seven-and-a-half-pounder alive in his car, and
two or three days later took this beautiful specimen of the finny tribe to his
home near Philadelphia, where upon his arrival he gave a grand dinner, at
which the “giant captive’” was the attractive dish. The Press of Philadel-
phia was well represented on the oceasion. Mr. C. on another day captured
one of 3 Ibs. and one of 4 lbs.

Mr..Reed took one 314 and one 7Y lbs.

Mr. Page one 3, onc 4 and one 6 lbs.

Mr. Baker one 214, and one 434 lbs.

Mr. Gilbert one 3, one 314, one 414, onc 514, and one 634 Ibs.

Mr. Fahnestock one 214, one 314, one 434, and one 5 Ibs,

Mr. Badgley two of 514 lbs. each, onc 634 lbs., one 8 lbs., and one 9 lbs.,
making five trout, averaging nearly 7 lbs. cach.

Mr. Badgley’s nine pounder ranks as the largest trout taken this year.
Mr. B. caught during one day, in less than two hours, threc of those given
in his list weighing 634, 8, and 9 lbs.; total weight 2334 lbs.

Mr. Allerton, who remained considerably longer than any of the other
gentlemen, caught as follows:

Two of 5 lbs. each, two of 514, one of 6, two of 614, two of 7, one of 74,
two of 8, and one of 814, making thirteen trout, weighing 86 lbs. and aver-
aging 6 lbs. 10 oz. each. Mr. A. caught, in addition to the above, twenty-
seven trout, weighing 61 Ibs., from one lb. up to five Ibs. each, averaging 214
Ibs.; also, 207 weighing 8714 Ibs., under one Ib. each, averaging 634 ozs.; total
catch, 247 trout weighing 23414 lbs., averaging nearly one pound each.

The best twenty trout of the last-mentioned angler’s taking, averaged
514 lbs. each, and the best forty 3 Ibs. 11 oz. each. Of these trout he caught
four in three-quarters of an hour on the afternoon of June 22d, that being
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his last half day’s fishing, as he left for home next morning. The four weighed
respectively 5, 534, 6, and 8 lbs., making a total of 2414 Ibs. of trout caught
in three-quarters of an hour, a very satisfactory “wind up” to the grandest
fishing excursion confessedly ever made by him.

The trout caught this season of 7 to 9 Ibs. measured from 25 to 28 inches
in length, and from 14 to 20 inches around. The tails, when spread, mea-
sured from 5)4 to 8 inches across.

It appears from Allerton’s records that the 30 large Brook Trout
which he lists in table form included all of the fish weighing 4 pounds
or more which were caught by his party. Of particular interest then
is the fact that these large trout were so evenly distributed over the
weight range of 4 to 9 pounds. A more normal abundance curve
with many more 4 to 6 pound fish might have been expected.

The total catch of Brook Trout by Mr. Allerton himself over a
period of about three wecks (judging from dates given at various
places in his book) is of particular interest. It included:

207 trout, each less than 1 lb., total wt. 8714 lbs., average weight 634 ozs.

27 trout, each 1 to 5 lbs., total wt. 61 lbs., average weight 214 lbs.
13 trout, each 5 to 844 lbs., total wt. 86 lbs., average weight 6 lbs., 10 ozs.

Total 247 trout, up to 814 lbs., total wt. 23414 lbs., average weight 15 1/6 ozs.

These fish represent Allerton’s total cateh for a period of three weeks,
and judging from his own account he caught about half of the 30
fish weighing 4 pounds or more, which were taken by the entire fish-
ing party of 11 men. From Allerton’s own statement that the eatch
of 30 large trout taken by his party “‘is, without doubt, the greatest
cateh of large brook trout by any one party, in the same time, ever
known,” it may be concluded that Allerton’s own catch was unusual
or somewhat above the average in numbers of large fish.

The history of trout and salmon fishing in the Rangeley lakes as
treated extensively by Kendallz (1918) was concerned mostly with
the period from about 1870 to 1914. The following accounts of the
histories of the Land-locked Salmon, Brook Trout, Blueback Trout,
and Smelt, have been extracted entirely from Kendall’s report. Ken-
dall cited the original sources for most of his information; but these
original sources have not been included in the present discussion.
The histories of the Smelt and Blueback Trout are given first, be-
cause of the importance of the populations of these two species to
the trout and salmon.

History of the Smelt. The Smelt was first introduced into the
Rangeley lakes in 1895 or possibly as early as 1891. The first smelts
were of a type which matured at about threc inches in length. Later
a larger race of Smelt was planted in Mooselookmeguntic Lake.
Smelts were described by local residents, visiting fishermen, ete.,
as ‘“‘appearing in considerable numbers within four years” (or about

2 See footnote p. 11.
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1900); as “running up Dodge Stream ‘in bushels’ ”’ in 1904 (Dodge
Stream or Dodge Pond Stream is a tributary of Rangeley Lake; as
“plenty in all the lakes from Rangeley down” in 1907) as “seen in
great numbers” in the spawning run in Kennebago River at Indian
Rock in 1907; as “One man dipped 4 bushels of smelts’” in 1907;
and ‘“the quantity is said to be unlimited” in 1910. It would appear,
without doubt, from the above that the Smelt was well established
and rapidly increased in abundance in these Rangeley lakes from
this first planting.

The immediate reaction of many fishermen to this establishment
of the Smelt was that it was ruining the fishing. These fishermen
maintained that trout were gorging themselves with smelts and con-
sequently would not bite. A report by a Rangeley lakes correspon-
dent in Forest and Stream for June 12, 1897, said:

Perhaps the poor fishing in Mooselucmaguntic and Richardson Lakes is
due to the smelts, which have appeared in great numbers for the first time
this spring. Perfectly reliable guides say that the water has been alive with
these smelts. Later they have died by the thousands and have been seen
floating on the surface dead or dying. Every trout caught has been simply
gorged with these smelts. This I saw myself in the case of trout being dressed.
The question of these smelts ever having been introduced into the Rangeley
waters is a very grave one. Guides and sportsmen who have watched and
fished these waters for years are in doubt, to say the very least, and some of
them are mad all through. I heard it freely expressed that the most won-
derful brook-trout fishing of the world — at the Rangeleys — has been
ruined by putting in smelts for land-Jocked salmon food — land-locked
salmon that can, at the very best, never equal what the brook trout have
been to these waters. As for myself, T have no opinion at present. The
smelts in the maw of the trout I have seen and have seen the dead smelts on
the water. I have also seen the remarkably fattened condition of the trout
as compared with the fish of the past 20 years, with which I have been famil-
iar, catching and examining them each year in greater or less numbers. . ..

Another report in the same paper for May 20, 1899:

The fishing has not been up to former seasons, since the water is the high-
est ever known, and in both Richardson and Mooseluemaguntic Lakes are
millions of smelts, many of them dead from spawning. The trout are “just
gorging”’ on these smelts and will not take artificial flies or other bait till
the smelts are gone. Still a few trout are taken.

Still another report, entitled “Rangeley trout and the smelts,” in
the same paper for August 30, 1902, refers to the overabundance of
the Smelt:

Boston, August 23: Mr. Henry W. Clarke, of Boston, a veteran angler
in the Rangeley waters, has just returned from a stay of seven weeks at the
Mountain View, foot of Rangeley Lake. This was Mr. Clarke’s twenty-
eighth successive annual trip to those waters, and his opinions naturally
carry a good deal of weight on angling subjects. He says that of all the
seasons he has ever spent there the past has shown the poorest fishing. His
idea is that the poor fishing is largely due to the putting of smelts into the
Rangeleys. He says that the smelts are in deep water the most of the sea-
son, only going up into the streams to spawn in the spring. The trout have
found them better eating than the old-time minnows, for which the Range-
leys have always been noted, and, like the salmon, they follow the smelts
into deep water. Mr. Clarke says that he eaught one trout, hardly 3 pounds’
weight, which had in its throat and maw 53 smelts. He adds: “It must
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have taken my hook out of idle curiosity. There could have been no other
reason for its biting.” Mr. Clarke regards the stocking of the Rangeleys
with smelts as a dangerous experiment at the best. He believes that the
trout fishing has been greatly injured thereby. Mr. C. P. Stevens, another
veteran angler at the Rangeleys, has the same idea. He says never has the
trout fishing been so poor in the vicinity of his cottage, in the narrows, Rich-
ardson Lake. It is the opinion of other “old timers” at the Rangeleys that
the big trout of that region are done for, and it is certain that not half the
usual number have been caught the past season, while the catch of salmon
has been greater.

Other accounts refer to the finding of large numbers of smelts in trout
stomachs. There can be no doubt, judging from the above that
trout made use of the smelt food supply as soon as it was established.
These carly fishermen may have been partially correct in concluding
that the abundance of Smelt was spoiling their fishing, at least by
making it more difficult to catch the trout that were present. The
abundanee of smelts may have made it more difficult to catch trout,
but there is no reason to belicve that it caused a decrcase in the trout
population; rather, it appears obvious from all data available that
the added smelt food supply, plus the possible fact that the well-fed
trout were more difficult to catch, resulted in a building up of the
trout population (see Figure 12). It is the present writer’s opinion
on the basis of the 1939 survey, that the Smelt is a distinet asset to
trout and salmon fishing in the Rangeley lakes. Kendallz (p. 580),
on the basis of his studics, expressed the same opinion, when he wrote:
It may be affirmed that the only ‘fish that has been wisely introduced into
Rangeley Lakes is the smelt. It has directly or indirectly been the savior

of the frout by affording the trout requisite food and detracting to some

extent the attention of the salmon from trout by furnishing sufficient natural
food.

History of the Blueback Trout. The Blueback Trout (Salvelinus
oquassa) was native to certain of the Rangeley lakes, namely: Range-
ley, Mooselookmeguntic, and the Richardsons. It was mostly 6 to
9 inches long, was a deep-water fish, but migrated into streams in
October to spawn. Reports indicate that it was occasionally caught
by bait fishing in fairly deep water, but was caught mostly on the
spawning grounds. The usual method of capture was by net, such
as a bag hung on a wooden hoop. Some were also taken by hook and
line on the spawning grounds; one man reported catching 114 bush-
els in one day with a baited hook (this catch must have been over
500 fish). Starting before 1850, bluebacks were taken in large quan-
tities. One report stated that the usual catch by net was several
bushels per man in one night. Another report referred to the fish
having been hauled away in barrels and cartloads. The surprising
fact is that the blueback appeared to maintain its abundance for
30 to 40 years in spite of this slaughter. There was some justification

2 See footnote p. 11.
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for the local residents taking the Blueback, as the fish constituted
an important part of their food supply. The fish were either salted,
dricd, or smoked, and used as foed from onc fall season to the next.
Bluebacks were also marketed to some extent. When the first law
was passed in 1869 giving some protection to the Brook Trout in the
Rangeleys, the Blueback Trout was exempted because of its impor-
tance to the local residents.

One of the first recognitions of the possible importance of the Blue-
back to trout fishing in these waters was a statement in the Maine
Tish Commissioner’s Report for 1874 to the effect that it was a mis-
take to allow the Blueback to be taken at all as they were an impor-
tant food of the Brook Trout and were responsible for their large
size. There were other early references to the importance of the
Blueback to Brook Trout, and to the finding of Bluchacks in their
stomachs.

The decline of the Blueback Trout in the Rangeleys started in the
carly 1890’s. A special law was passed in 1899 giving them protec-
tion; it read that ““it be unlawful to fish for, take, catch, or kill any
blucback in any waters of the State at any time.” The law was too
late. A few large bluebacks were taken for fish culture in 1902; five
were taken in 1903; three in 1904; but none have been reported
sinee then. The last of the bluchacks were unusually large in size
(up to 2 or 214 1bs.), and this fact was belicved by Kendall to have
been due to these few remaining fish feeding on the Smelt which was
introduced in 1895 and had become abundant by 1900. The great
decline of the Blueback in the carly 1890’s coincided with the great
increase in abundance of the salmon (introduced in 1875). It may
have been that over fishing of bluebacks on the spawning grounds
wag, in part, responsible for their depletion, but it was Kendall’s
opinion that predation by salmon was the most important factor.

History of the Brook Trout. The records compiled by Kendall
from Torest and Stream, the Amecrican Angler, and Maine Woods
were considered by that author as fairly complete for the larger trout
taken from the Rangeley lakes. The largest Brook Trout taken, for
which the record is authentic, was one of 1214 pounds caught in
1867; and there is an element of uncertainty as to its exact weight.
There is an authentic record of a 12-pound trout taken in 1878. There
are two other records of fish in this 12-pound class; one of a 12-pounder
and one of a 1214-pounder, but necither records are free from doubt.
There are authentic recerds of about 20 fish of 10 pounds or more in
weight. The complete records of numbers of Brook Trout eight or
more pounds in weight for the 45 years from 1867 to 1911 were sum-
marized by weight class and by year, as follows:
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Year: ........ 67 72 73 77 78 79 83 84 85 86 87 88 90 96 97 98 01 03 06 07 08 10 11
12-1215 1bs. ....1? 1. e e

11-119......... . .1 F S R

10.5-10.9. . o1 1. 1 1. 11 . 1 D
10-104. ........ 1. 1. 2 . . . 1. . . . . .1 .1 . 11..
9.1-99......... 1112 . 12212 . 113. 1. 1. .11
L N A total of 11 nine-pound fish in these 45 years

8-89........... A total of over 60 fish from eight up to nine pounds

The great majority of the fish over 10 pounds were taken from the
spawning grounds by hatchery men. The majority of the 8- to 10-
pounders were taken by anglers. A total of the above figures gives
28 trout of over nine pounds in weight for the 22 years from 1867
to 1888, and 15 trout over nine pounds in weight for the 23 years
from 1889 to 1911. This 46 per cent drop in numbers of large trout
reported, oceurred in spite of the fact that fishing intensity probably
was at least doubled in the second period over that of the first. The
figurcs indicate a definite tendency towards a decrcase in both maxi-
mum size and numbers of these exceptionally large trout over the
45-year period.

The early records leave no doubt of the fact that the average angler
sixty years ago took a considerable quantity of trout from the Range-
ley lakes. Those catches which were reported in magazines and
newspapers usually contained relatively fow fish of large size, rather
than a large number of small fish. The fishermen probably caught
considerable numbers of smaller fish (see Allerton’s cateh — p. 143)
but usually released them. The following are a few (probably bet-
ter than average) eatches which were reported:

First weele in August, 1884: one man took cight trout, weight 38 pounds.
One day in August, 1884: one man took five trout, weight 28 pounds.

A one-day trolling record in April, 1896: one man caught one 9-pound and
one 914 pound trout. “This spring hundreds were caught this way ranging
from 1 to 5 pounds.”

One man’s six~-day trolling record in June: 32 trout from 1 to 7 pounds
each, total weight 85 pounds.

On August 6, 1874: two fishermen on Mooselookmeguntic took 26 trout,
weight 30 pounds.

On August 20, 1880: two fishermen in four hours on Mooselookmeguntic
Lake took 17 trout, weight 52 pounds, as follows: one, 814; one, 534; one,
5; one, 41%; two, 4; one, 314; three, 3; one, 2; and six 1-pound fish.

The following is a list of trout reported to have been caught on flies at
Upper Dam by all fishermen during the period of August 29 to September
30, 1890; one, 9 1/8 pounds; one, 8 7/8; one, 8 3/16; two, 7 12/16; one,
7 7/16; one, 7 5/16; one, 7 3/16; one, 6 7/8; two, 634; three, 61%; one,
6 5/16; two, 614; three, 6 3/16; one, 6 1/16; two, 5 5/16; one, 5; one,
4 7/8; one, 414; and 1 trout, 4 pounds. Presumably many smaller fish were
caught, not recorded, and probably mostly released.

Hook and line was not the only method commonly used in taking
Rangeley trout. Spearing was a common practice among local resi-
dents who salted down a supply for winter use, and also sold them on
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the market. A record for the fall of 1854 stated that two men spear-
ing on Trout Cove took in one night 100 trout weighing 600 pounds.
In a letter written in 1879 by H. O. Stanley, then Fish Commis-
sioner of Maine, to a Mr. Rich, Stanley stated that he could well
remember the time, some 20 years prior (or about 1859) when it was
very common to take 100 pounds of trout in one-half day’s fishing,
but since that time the practice of taking them with grapnel, spears,
and nets had become common, and the fish were greatly diminished.

The above statement by Stanley that trout were greatly dimin-
ished by intensity of fishing was an opinion shared by other anglers.
An article in Forest and Stream in 1888 refers to the poor fishing in
the Rangeley lakes and attaches most of the blame to workingmen
at the dams using spears and dynamite on the trout spawning
grounds. All published reports reveal a rapid increase in numbers
of fishermen, even before the first railroad was extended to the Range-
ley area in 1891, but accurate data on the numbers of fishermen
which were present are extremely meager. From Allerton’s book
(see p.141) it might be inferred that the total number of anglers visit-
ing the area during 1869 was certainly not over several hundred,
and probably much less. Furthermore, each of these men appar-
ently fished only a few days, as Allerton, in three wecks, caught
about as many fish as were caught by the other ten members of the
Oquossocs combined. There was a report for 1883 that 3,000 an-
nual visitors came to the Rangeley region. In a more recent state-
ment by the proprietor of the Mountain View House on Rangeley
Lake, it was pointed out that most July and August guests came to
the region for activities other than fishing. The 3,000 annual visitors
in 1883, thercfore, were probably not all fishermen. A correspondent
to a sportsmen’s journal for June 8, 1889 estimated that there were
1,000 people on the Rangeley lakes during the previous week.

The records for the total number of trout taken by anglers from
the region are very incomplete, largely because no records were kept
of many anglers’ catches. The figures available arc more reliable
in indicating trends than in revealing total numbers of fish caught.
The records, in part, of numbers of trout reported, as compiled by
Kendall for the Rangeley chain, including Rangeley, Mooselookme-
guntic, the Richardsons, and Pond-in-the-River, but not Umbagog,
Kennebago, or Aziscoos lakes, were:

1895...... 186 1902. ... .. 56 1909...... 92 -
1896.. .. .. 10 1903.. .. .. 207 1910...... 163
1897...... 75 1904. .. .... 13 1911.... .. 237
1898...... 242 1905...... 83 1912...... 170
189G....... 45 1906... ... 95 1913...... 99
1900...... 29 1907...... 150 1914.. ... 124
1901...... 16 1908...... 80 1915.. ... 96

Kendall further summarized his data on number of trout reported
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from all of these Rangeley waters, into 13 periods of six years each,
and overlapping three years, as follows:

18731878 . ..... .. 1,002 1804-1899.. ... ... 589
1876-1881. ... .. .. 356 1897-1902. ... ... 464
1879-1884. .. ... .. 945 1900-1905........ 415
1882-1887........ 1,017 1903-1908. . ... ... 654
1885-1890........ 521 1906-1911........ 832
1888-1893........ 451 1609-1914. ... .. .. 885
1891-1896. .. ... .. 257

and he presented this summary data in graph form, see Figure 12.
On the basis of the above data, Kendall stated:

.. .. the inference is that the number of trout greatly decreased until the
nineties, when they increased again, but the highest later numerical record,
1914, did not attain to the quantity recorded in the seventies and early eight-
ics. Ilowever, there appears to be but little change in the general average
weight, and really large fish were taken every year, but not quite so many in
any one of the later years as in the carlier years represented by the records.

I 2 3 4 5 & 7 8 9 10 1l 1213
PERIODS

Figure 12. Numbers of trout recorded from the Rangeley lakes in 13-year periods
of 6 years each, overlapping 3 years. Broken line, all trout, numbers in hundreds;
solid line; 2 pounds and over, numbers in hundreds; dotted line, 8 pounds and over
Yll:)l{?gbers g;lu)mts. Data are for the period from 1873 to 1914. (From K(mdull:
1918, p. .
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Records were kept by the principal hotels and camps in the Range-
ley region for the entire open season of 1915. They reported 345
anglers whose catches were definitely recorded, with a total of. 96
trout and 549 salmon. This represented an average cateh per fish-
erman per season of 0.28 trout and 1.59 salmon, or a total of 1.8?
for the two species. (It seems reagsonable to assume that each of
these 345 anglers fished, on the average, for more than onc day;
this would leave an average catch of less than one ﬁsh per person
per day.) The trout ranged from 1 to 814 pounds, W}t}l an average
of 4.09; the salmon ranged from 1 to 814 pounds, with an average

of 314 pounds.

History of the Land-locked Salmon. The Land-locked Salmon
was introduced into the Rangeleys in 1875. It report:edly beeame
established from this first planting; and, with COn’Dlnl.l(:d y(\,aﬂy
plantings and in a very suitable habitat, it continued_ to. increage in
abundance and to spread throughout the Rangeley chain from Range-
ley Lake down. Reports of the capture of salmon began to appear
about 1880. Some of these reports on the number, size, and abun-
dance of salmon were as follows:

Ta 1880: 5 salmon reported, largest 4 pounds.

In 1882: 1 salmon, weight 4 pounds.

In the spawning run of 1882: several salmon, 4 to 10 pounds.

Tn 1883: many salmon, 5 to 10 pounds.

In 1886: 4 salmon; weight 3, 8, 9, and 11 pounds. - |

1887: report trout catches sprinkled with salmon. —Iardly a day

pagged withou%) one or two being brought into camp. One 7 14-pound salmon
caught in Greenvale cove of Rangeley Lake. .

In 1888: one of 5 pounds; one of 614 pounds; large numbers ()1.HIn:»LHeI'
ones. Stated that most salmon were caught in Rangeley Lake; few in other

lakes. A

“The report of each succeeding year indicated an increase in the number
and size of salmon, and their gradual appearance successively down the
chain of lakes” from Rangeley Lake down (Kendall).

In 1891, it was stated definitely that the introduction was going to
be a success. In 1896, a correspondent wrote for Forest and Stream,
as follows: .

The landlocked-salmon record at Rangeley, already referred to, is a re-
mark;ble one. The first 21 salmon taken by’ guests of the Rangeley Lake
House, and almost within sight of the house, agstuallx_yvelghed 135 pounds
2 ounc’es an average of 6 pounds 7 ounces to the fish. Fifteen of the same fish
weighed 112 pounds 14 ounces, an average of 7 pounds 8 ounces. The catch
of the above fish began May 7 and ended June 4. A great many large salmon
have also been taken since.

In 1900 a correspondent for Forest and Stream stated that “Never
before has Rangeley Lake seen such excellent fishing.”” The state-
ment was perhaps somewhat too enthusiastic. The fish caught were
all salmon. In 1901 a note from Upper Dam read “A remarkable

feature is that almost as many salmon are being taken as trout. ..
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While the supply of trout has scarcely lost anything, a supply of
salmon has been added.” The correctness of the statement ‘“while
the supply of trout has scarcely lost anything”” may be doubted (sce
Fig. 12). Further records were given as follows:
On June 5, 1901: guests at Rangeley House caught 17 salmon but no
trout.

In 1905, two weeks fishing during the last of May and first of June: guests
at Rangeley House took 53 salmon and trout, of 3 to 844 pounds.

In 1906, same period as in 1905: guests of Rangeley House took 69 salmon
and 5 trout. The largest salmon was 9 pounds; the largest trout was 514.
These 1905 and 1906 catches were reported at the time to be the best catches
made by guests of the Rangeley House.

The average weight of salmon caught and reported for the years
1903 to 1912 was 4}4 pounds. The records kept by the principal
hotels and ecamps of the region, and previously cited under trout,
indicated an average weight of 314 pounds for the 549 salmon caught
in 1915. This drop of 34 of a pound in average weight probably was
partly due to an actual decrease in size of fish caught, while it may
have been partly due to the failure of fishermen to keep or report
smaller fish during the earlier period.

The records of capture of fish over 10 pounds in weight reveal a
gradual inerease in maximum size of the salmon and an increase in
numbers of these larger fish, between 1880 and 1912. The following
gives the distribution by year of the 18 salmon, of 10 pounds or more
in weight, from the Rangeley lakes during this period:

Your: ... 82 86 90 96 97 98 99 01 02 03 05 07 08 10 11 12
17.5-18.5 Ibs.. .. .. .. . . . . . . . . . . 2

. . 1 .

. 1 . . . 1

. 1 . 1 1. 1

1 1 . . . 1
1 . . 1
1 1 1 . 1

The 1714- and 1814-pound salmon were taken by fish culturists in
1905; the 16Y4-pounder was taken by an angler in 1903. Of the
above 18 salmon, 3 were taken during the 10 years from 1882 (o
1891; 5 from 1892 to 1901; and 10 from 1902 to 1911. It is of par-
ticular interest that the largest of 549 salmon reported in 1915 was
only 814 pounds in weight. Also of interest is the fact that the Blue-
back Trout bccame extinet about 1905, or near the peak of abun-
dance of these large salmon; the extinction of the Blueback was
attributed by Kendall to the salmon.

The numbers of salmon reported for cach year revealed a contin-
ual and rapid increase up to 1915; in comparison, the catch of trout
declined considerably up to about 1905, after which it increased.
Trior to 1895 there were records of approximately 100 salmon, and,
by far, fewer salmon than trout. The recorded catches of salmon

151



and trout by three-year periods, starting with 1895, were as follows:

1896~1897 .. ........ ... .. 65 salmon, 271 trout
1868-1900............... 231 “ 316«
1901-1903 . ... ... ...... 5562 ‘29
1904-1906............... 1,053 “o191
1907-1909.. ... .........1,078 “ 322 «
1910-1912. ... ... ..., ... 1,431 “oBT0 ¢
1913-1915...............1,377 “o 319 ¢

The totals of the above figures are 5,787 salmon reported as against
2,268 trout, or 214 times as many salmon.

The total number of trout and salmon caught by all anglers and
the average number caught by individual anglers may have been
somewhat less in 1939 than it was in the early thirties; this scemed
to be the opinion of the majority of ten local guides and fishermen
who responded to a questionnaire which was distributed generally
in the Rangeley area during 1939. In answer to the question for their
opinion as to the trend in trout and salmon fishing, seven men stated
that trout fishing was getting worse, and three stated it was getting
better; six said salmon fishing was getting worse, two said it was the
same, and two said it was getting better; eight said trout in their
catch were getting smaller, while two said larger; nine said that
salmon were getting smaller, and one said they were about the same
in size. Mr. C. C. Turner of Bald Mountain, Maine, was the only
guide who offered the records of his catch from Mooselookmeguntic
Lake as evidence supporting his belief that trout and salmon fishing
had been getting worse during the ten years previous to 1939. My
Turner stated in his letter:

I am enclosing a record of all the fish that have come to my hoat since
1938 and also for the months of July and August, 1928:

Year Days Trout Salmon Total  Average per day
1928 53 40 98 148 2.6
1929 51 94 277 371 7.3
1930 32 60 71 131 4.1
1931 63 S50 213 263 4.2
1932 41 64 113 177 4.3
1933 43 28 128 156 3.6
1934 43 31 109 140 3.3
1935 46 16 72 88 1.9
1936 73 42 107 149 2.0
1937 47 15 60 75 1.6
- 1938 43 10 34 44 1.0
1939 20 3 13 16 0.8

Mr. Turner’s average catch of 0.8 fish per day in 1939 was almost
identical to the average catch of 0.88 trout and salmon by the total
3,200 fisherman-days by all fishermen on Mooselookmeguntic Lake
during 1939, according to a census by the Fish and Game Wardens
(see Table XXXIV). Mr. Turner’s records were apparently ade-
quate to indicate a downward trend in fishing in Moosclookmegun-
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tic during this period. His records, however, could not be regarded
as indicating a new and permanent downward trend of the fishing
in the Rangeley region as a whole, for there have been previous low
points in the fishing as indicated by the 1915 checkup by the princi-
pal hotels and camps in the region. In that season, a check on 345
anglers revealed a total eateh of 96 trout and 549 salmon, or an aver-
age catch of 1.87 fish per person per season, or, presumably, consid-
crably less than one fish per person per day. The drop in numbers
of fish caught per day by Mr. Turner over the period from 1928 to
1939 might be partly attributed to incrcase in fishing intensity and
the fact that the fish which were being caught during the latter years
were distributed among a greater number of fishermen. During
this 12-ycar period the number of resident licensed-fishermen in
Maine remained about the same. The number of non-resident fish-
ermen, on the other hand, was almost exactly doubled, and the Game
Warden census revealed that nearly half of the fishing on Moose-
lookmeguntic in 1939 was donce by non-residents.

Present Fishing Returns from the Rangeley Lakes. Informa-
tion on the number of fishermen, and the kinds and numbers of game
fishes taken from the Rangeley lakes during the 1939 season was
obtained from the local wardens?t of the Inland Fish and Game De-
partment.  As part of their daily routine, the Fish and Game War-
dens visit the waters in their arca at irregular intervals to determine
the number of fishermen on each body of water and the kinds and
numbers of fish which are being caught. The rccords kept by the
wardens in the Rangeley arca were on daily diaries. The informa-
tion given in the following account hag been compiled from these
daily records. In estimating the total numbers of fish and fishermen
from this partial census, allowances were made for the unequal dis-
tribution in number of fishcrmen over the different days of the week,
and for the time of day at which cach individual census was made,
as for examples: If a census was not made on a given Saturday or Sun-
day, it was figured that the number of fishcrmen on the lake on that
day and the number of fish caught were similar to the records for
the preceding and following Saturdays or Sundays. If the census
was made on a lake during the middle of the day, an allowance was
made for fish which fishermen might have been expected to catch
during the remainder of that day. The results obtained from this
fishing census by the wardens arc summarized in Tables XXXIII
and XXXIV. It is the present writer’s opinion that the data on ra-
tios of trout to salmon in the catch, average catches per fisherman
per day, and ratios of non-resident to resident fishermen, are reliable

2 Creel eensus data were obtained from Chief Warden Roy Gray and Deputy
Wardens Norman Buck, Fernald Philbrick, Frank Phillips, Alston Robinson, and
Charles Smart.
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TABLE XXXIII. The numbers of all fisherman-days and of non-resident
fisherman-days, and the numbers of trout and salmon taken by them,
as checked by the Fish and Game Warden census, and as calculated
for total fishing intensity, for each of the Rangeley lakes during
the season of 1939*

TIrisherman-days*** Tigh*#&x
Lake
Date (1939) and Calculated Calculated
number of Checked by total for the Checked by total for the
census days¥¥ ward ens seagon ¥FFkE* wardens season ki
(in parentheses)
All Non- All Non-

fishermen |residents || fishermen [residents| Trout |Salmon| Trout [Salmon

Both Richardson lakes 18 5 250 70 14 2 300 25
May 22 to Aug. 4
(7 days)

Moosclookmeguntic and
Cupsuptic lakes

May 14 to June 30 877 331 2,100 790 258 250 1,150 | 1,100
(44 days)
July 1 to Aug. 31 329 180 1,100 600 42 34 310 250

(30 days)

Total: May 14 to
Aug. 31 1,206 511 3,200 1,390 300 284 [ 1,460 | 1,350
(69 days)

Rangeley Lake
May. 18 to June 30 249 60 1,840 440 248 46 2,350 410
(19 days)
July 1 to Aug. 12 107 46 1,100 470 | 115 | 15 || 1400 | 170
(12 days)

Total: May 18 to o I
Aug. 12 356 106 2,940 910 363 61 3,750 610
(31 days)

Kenncebago Lake
May 15 to June 30 2313 134 1,000 575 321 16

1,670 105
(25 days)

830 1H

w

July 4 to Sept 9 86 h7 H00
(18 days)

Total: May 15 to
Sept. 9 319 191 1,900 1,170 384 2(
(43 days)

2,500 120

Asziscoos Lake
May 8 to June 30,
1938% 96 ? 170 ? 06 10 300 30
(35 days)

July 1 to Sept. 10,
038*

1938 96 ? 150 ? 55 12 150 30
(39 days)
Total: Mayste | | | | & |
Sept. 10, 1938* 192 ? 320 ? 151 22 450 60
(74 days)
Total: All six Rangeley 2,091 813 8,610 3,540 | 1,212 389 | 8,460 | 2,165

lakes for one year

f

* Data on Aziscoos are given for 1938, as figures for 1939 were not available.
*% Numbar of census days includes every day on which a census was made, regardless of

whether it was a partial one or complete.

#*% Not the sam2 as number of individual fishermen; if one man fishad ton duys, his fishing
would be counted as 10 fisherman-days.
i *#*%% All salmon 14 inches or more in length; trout in Kenncbago laka 7 Inohen or more; trout,
in Ariscoos 8 inches or more; trout in other lakes 10 inches or moro in longth,

#kkdkk Presuinably much too low; see text,

1

TABLE XXXIV. The proportion of non-resident fisherman-days to all
fisherman-days, the catch per fisherman-day of trout and salmon, and
the ratio of trout to salmon in the catch, by parts of the fishing
season, for the Rangeley lakes during 1939* (Figures calculated
from data given in Table XXXIII)

Fish caught per

Fisherman-days fisherman-day

Ratio
of non- Ratio
All resident of
T.ake, fisherman-| to all Trout trout
Parts of 1939* days by fishermen and to
season per cent | by per cent | Trout Salmon salmon salmon
Both Richardson lakes
May to September 100 28 1.20 0. 10 1. 30 12tol

Moosclookmeguntic and
Cupsuptic Inkes
May and June 66 38 0.55 0.52 1.07 1.05 to 1

July and August 34 Hb 0.28 .23 0.51 1.24 to 1
Total for season 100 43 0.46 0. 42 0. 88 1.08 to 1

Rangeley Lake

May and June 63 24 1.28 0. 24 1. 52 5.3to1
July and August 37 43 1.27 0. 16 1.43 8.2to 1
T'otal for season 100 31 1.27 0.21 1.48 6.1to 1

Kenncbago Lake

May and June 53 58 1.67 0.11 1.78 16 to 1

July and August 47 66 0,02 0.2 0. 44 55tol

C0.c6 | 138w | 21tol

I'otal for season 100 62 1.¢

Aziscoos Lake

Muay and Junc 53 ? 1.76 0. 18 1. 94 10to 1

}l;ly 7(,(‘) Vh“(‘"];‘t:v:l;ll)('.r 4%’“ 7 T 1. 00 0.20 ) 1.20 5.0to 1

Total for season | 100 | ¢ a0 | 09 | 1 |7.5tol
Total: all six lakes

May and June 61 1.08 0.32 1.40 3.33t01

July to Scptember ) .i‘) R 0. %4 - .14 (.98 5.95t01

Total for scason 100 ()‘ !);V 0. 25 1.23 3.91to1

* Data on Aziscoos Lake are for 1938.

** The figures given in this table are for fish killed by the angler; the wardens reported that, in
the case of Kennebago Lake, fishermen killod only about half of the trout which they caught; there-
fore the average catch per fisherman-day was approximately 2.6 fish for the entire season and 3.5 fish
for May and June. In the case of the other lakes, it was reported that fishermen killed most of the
fish which they caught.
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for four of the six lakes. The data for the two Richardson lakes were
probably not reliable, since the number of fishermen contacted by
the wardens was too few.

The accuracy of the figures on total fishing intensity and total
numbers of trout and salmon caught during 1939 was dependent
upon the warden’s individual estimates of the proportion of total
fishing effort which he checked. In the present writer’s opinion
these estimates were very conscientious. Records of the number
of fishing licenses issued to fishermen in the Rangeley region, how-
ever, scem to indicate definitely that the wardens’ estimates of total
fishing intensity were much too low. The most reliable check on
the number of fishermen in the Rangeley region can be made for
the non-residents (out-of-state fishermen). Of 41,454 non-resident
fishing licenses sold in 1939 by the State of Maine, 37,985 were sold
by agents in Maince and 3,469 were sold by agents outside of Maine.
Of the 37,985 sold by agents in Maine, 2,881 (7.6 per cent) were sold
in the Rangeley region. Since 7.6 per cent of all non-residents who
bought fishing licenses in Maine did so in the Rangeley region, it
seems safe to assume that, of those 3,469 non-residents who hought
their licenses outside of Maine, approximately 7.6 per cent, or 264
fishermen, also came to the Rangeleys. The total number of non-
resident fishermen who fished in the Rangeley region was, thercfore,
approximately 3,145 (2,881 plus 264); and the great majority of
these fishermen fished on the six large Rangeley lakes or their tribu-
tarics. It was cstimated on the basis of the census by the Iish and
tame Wardens that the total non-resident fishing intensity on these
six lakes was 3,540 fisherman-days. If this figure were correct, it
would mean that the average non-resident fished only 1.1 days dur-
ing the season. That the non-residents fished much more than 1.1
days, on the average, may be inferred from the types of 1939 fishing
licenses which they purchased, as follows:

Type of Number sold Number sold by all
license at Rangeley out-of-state agents
Season 227 613
30-day 722 909
15-day 525 544
3-day 1,188 1,187
Exchange 89 113
Junior 130 103
Total 2,881 3,469

Thus, considerably more than half of the non-residents purchased
licenses allowing them to fish for 15 days or more, rather than the
3-day license. The inference is that the 3,145 non-resident fishermen
in the Rangeley region fished considerably more than the 3,540 fish-
erman-days as estimated from the warden census; likewise, the
total number of all fisherman-days and the total numbers of trout

156

and salmon which were caught were considerably greater than the
figures (given in Table XXXIII) estimated from the census. The
Jow estimate of fishing intensity and total number of fish which were
caught presumably did not affect the figures on ratios of trout to
salmon, ratios of non-resident to resident fishermen, and average
catehes per fisherman-day; for these latter figures were based on
the actual records obtained by the wardens for the individual fisher-
men which they contacted.

Fish caught. The figures as estimated from the warden’s census
(these figures presumably are much too low; sece above) indicated
that there were approximately 8,610 fisherman-days of fishing on
the six large Rangeley lakes during the scason; and 10,625 Brook
Trout and Land-locked Salmon were taken (not including the fish
which were caught and released). This catch consisted of 8,460
trout and 2,165 salmon; thus trout outnumbered salmon about 4
to 1. The greatest number of trout (3,750) was taken from Rangeley
Lake; Kennebago Lake ranked second with 2,500; and Mooselook-
moguntic was third with 1,460. These figures on number of trout
caught represent only thosc fish which were taken from the lakes.
The wardens reported that Kennchago Lake fishermen released
about half of the trout which they caught; therefore, the actual
catch of trout from Kennebago was about 5,000. It was reported
that fishermen on the other lakes kept most of their fish; therefore,
the above records are presumably complete for those lakes. Moose-
lookmeguntic headed the list of lakes in catch of salmon, with 1,350;
and Rangeley Lake was second with 610. The reported catches of
trout and salmon in the Richardsons and Aziscoos lakes were low as
compared to the other three lakes.  (Sce Table XXXIII.) The num-
ber of trout taken from the Richardson lakes was probably consid-
erably more than the 300 fish indicated by the census.

Figures on the number of fish caught per fishcrman-day, as cal-
culated from the census records (Table XXXIV), indicate that the
average fishermen for the entire scason on all lakes caught 1.23 trout
and salmon per day. The best average was made by fishermen on
Kenncbago lake (about 2.7 fish), although these fishermen kept
less (1.38) than did fishermen on Rangeley Lake (1.48 fish per day).

May and June fishing was decidedly better for the lakes as a whole
than July and August fishing. The catch per fisherman-day was
1.4 trout and salmon in May and Junc; and 0.98 in July and August.
This seasonal difference was considerable in all except Rangeley
Lake with 1.52 per day in May and June and 1.43 in July and August;
thus, the fishing in Rangeley Lake held up better during the summer
than it did in the other lakes, and trout fishing remained practically
the same (1.28 and 1.27). The seasonal drop in the catch from Ken-
nebago from 1.78 to 0.94 was obviously due to the special law per-
mitting only fly-fishing on this lake; in July and August, most of
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the trout were in deep water and below the reach of the fly-fisher-
man. In the lakes as a whole, trout fishing held up better during
the summer than did salmon fishing, as indicated by the ratios of
3.33 trout to 1 salmon in May and Junc and 5.95 to 1 in July and
August.

Out-of-state fishermen. The records revealed that nearly one-half
(43 per cent) of the 1939 fishing in these six Rangeley lakes was done
by fishermen from outside of the Statc of Maine. To this should
be added a reportedly large (but unknown) part of the remaining
57 per ecent for non-resident fishermen who came to the Rangeley
region from other parts of Maine. The great majority of the fish-
ing, therefore, was done by people who eame to the region as tem-
porary guests.

More fishing was done during May and June than during the re-
mainder of the season (see Table XXXIV); on Mooselookmeguntic
Lake 66 per cent of the fisherman-days was for May and June, 34
per cent for July and August; on Rangecley Lake the figures were
63 per cent and 37 per cent; on Kenncbago, 53 and 47; on all lakes,
61 and 39. This 61 per cent of the fishing which was done in May
and June took 5,620, or 66.4 per cent, of the 8,460 trout taken dur-
ing the entire season; it took 1,688, or 78.0 per cent, of the 2,165
salmon; or it took 7,308, or 68.8 per cent, of the 10,625 trout and
salmon. The out-of-state people did most of their fishing in the
Rangeley region during the last half of the season; they did 53 per
cent of the fishing in July and August as against 36 per cent in May
and June. The out-of-state guests, therefore, did most of their fish-
ing in the part of the scason when the least amount of fishing was
being done, and when the fishing was not at its best.

Smelt dipping. The following information on the number of fish-
ermen who “dipped smelts” from stream spawning runs, and on the
amount of smelts so taken, are based on the warden census.  Spawn-
ing smelts from Mooselookmeguntic Lake were dipped from the
Kennebago River; Rangeley Lake smelts were dipped from Haley
and Hatchery brooks; and Upper Richardson TLake smelts from
Mill Brook. Out-of-state people did only about one per cent of the
smelt dipping.

The census was made on Haley and Hatchery Brooks and Ken-
nebago River during the 1938 run from April 18 to 30. Three hun-
dred fishermen were contacted by the wardens and the total fishing
intensity for the scason was calculated to be approximately 1,500
fisherman-days (nights), of which 1,000 were on the Kennebago River,
and 500 on Haley and Iatchery brooks. Their catch was caleulated
to be 3,300 and 1,700 quarts of smelts, respectively, or a total of
5,000 quarts or approximately 250,000 individual smelts.
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The 1939 census (smelt runs from April 28 to May 17) on smelt
dipping yielded the following figures:

Haley and
Hatchery Xennebago Mill
brooks River Brook Total
Fishermen checked by
wardens ................. 95 597 235 927
Number fisherman-days )
(caleulated).............. 500 1,410 500 2,410
Average catch (in quarts) . . .. 2 24 4 234
Total catch (in quarts) ...... 1,000 3,200 2,000 6,200
Total catch, number of smelts e
(estimated)............... 45,000 168,000 100,000 313,000

Of considerable interest at this point is the opinion expressed, after
the 1939 smelt run was completed, by Chief Warden Roy Gray and
other local wardens that the 1939 runs were much smaller than they
had been in the recent past. There may also be some significance
in the fact that the average fisherman on the tributaries of Rangeley
and Mooselookmeguntic lakes obtained only about half of his legal
limit of four quarts of smelts.

RECENT PLANTINGS OF TROUT AND SALMON

With exception of the early and successful stocking of the Smelt,
the only fish which have been stocked extensively in these six Range-
ley lakes arc trout and salmon. The complete records of stocking
trout and salmon in these lakes and their tributaries for the six fiscal
years from 1933-34 to 1938-39, inclusive, by the Maine Department
of Inland Fisheries and Game, are summarized by lakes and their
tributaries, by year (year-class of the fish), and by size of fish, in
Table XXXV. The stocking records are those reported by the
hatchery superintendents and are on file in the office of the Fish and
Game Department.  Sinee our studies on age of trout and salmon
obtained from the Rangeley lakes during the 1939 survey revealed
that most of the fish present at that time were six years or less in
age, it was concluded that the 1939 fish populations of the lakes
corresponded in origin, by year-class, to this period of stocking.

The stocking rceords are given (in Table XXXV) for the two
Richardson lakes and their tributaries together, because some records
were not specific in stating which of the two had been stocked. The
tributaries of the other lakes, which were stocked, were as follows:
Rangeley Stream, Kennebago River, Cupsuptic River, Bemis Stream,
and Otter, Beaver, and Toothaker brooks of Mooselookmeguntic and
Cupsuptic lakes; Long Pond Stream, Greenvale Strcam, Dodge
Pond Stream, and South Bog Stream of Rangeley Lake; and the
Magalloway rivers of Aziscoos Lake. Round, Dodge, Gull, Haley,
and Long ponds are located on tributaries of, and are close to, Range-
ley Lake. It might be expected that the trout populations of thesc

159



TABLE XXXV. The numbers and lengths of trout and salmon planted
in the Rangeley lakes and their immediate tributaries for the six fiscal
years from July 1, 1933 to June 30, 1939, arranged according to the
year in which the fish were hatched. (Condensed from reports
submitted by fish-hatchery personnel of the Maine Depart-
ment of Inland Fisheries and Game)

Fish planted (in thousands, add ,000)
Lake, and
tributaries Brook Trout Land-locked Salmon
S “Mature’: ' “‘Mature’:
Year of hatch Fry | 27 to 4""*/4” to 6" | over 6" Fry | 27 to4”%4” to 6" | over 6"
Both Richardson lakes: T
1933 .. 33 44 ..
1934 .. .. 58 1
1035 .. .- 98 .. .. .
1936 .. .- 21 7 .. 47
1937 .. .. 74 .. .. 19
B 1938 .. 51 22 | 15 ..
Mooselookmeguntic -
and Cupsuptic lakes:
Lakes: 1933 97 2 46 .. 20 11
1934 .. 5 22 40 .. ..
1935 63 15 64 .. N 23
1936 .. .. 5 10 .. 10 ..
1937 29 .. 22 .. .. .. 18
1938 .. .. 6 76 16 12 19 ..
Tributaries: 1933 .. 8 3 3 .. 12 .. 10
1934 20 .. 4 20 75 38 5
1935 12 43 19 .. 140 ..
1936 .. . 25 3 230 18 ..
1937 35 11 15 .. . 28 10
1938 13 6 10 6 66 19 ..
Rangeley Lake:
Lake: 1933 .. .. 50 .. .. 5
1934 || 132 4 23 57 94 15
1935 .. .. 63 .. 147 .. ..
1936 .. .. 14 1 .. 35 ..
1937 48 i 29 .. .. 28 35
1938 .. .. 7 50 11 10 12 ..
Tributaries: 1933 .. 20 .. .. .. 5 1 b
1934 .. .. .. .. .. 23 9
1935 . .. 8 .. 98 ..
1936 .. . 6 5 100 ..
1937 . .. 16 .. .. ..
1938 .. .. 7 .. 10 10
Round, Dodge,
Gull, ¥aley, and
Long ponds:
1033 .. 23 31 .. 5 16 3
1934 | 240 5 1 5 .. 15 1
1935 87 71 52 .. 76 ..
1936 o, 13 22 .. .. 12
1937 53 20 15 . . 20
1938 20 18 11 .. . 14
Kennebago Lake:
1933 .. .. .. 13
1934 .. .. .. 4
1935 .. 15 . ..
1936 .. 4
1937 7
1938 6
Aziscoos Lake:
Lake: 1933 .. .. 10 ..
1934 . .. 14 7
1936 .. .. 9 ..
1937 .. .. 30 ..
1938 .. .. 20 11
Tributaries: 1934 | 100 .. 2 2 .
1936 .. .. 3 .. .. ..
1937 . .. .. .. .. 5

* About half of the trout and salmon listed above were 2" to 4’ fish; the othor half were 27 to 3 fish®
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five ponds have access to the larger lake, at least during certain sea-
sons of high water; therefore, the stocking records for these ponds
have been considered in connection with the stocking of Rangeley
Lake. Most 4- to 6-inch and larger fish were planted during late
fall, and most fry and 2- to 4-inch fish were planted during the sum-
mer months. Most fish were planted in the same year in which they
were hatcehed.

The total numbers in thousands of trout and salmon of all lengths
planted in the lakes and their tributarics were as follows (condensed
from Table XXXV):

Ifish Both
hatched Richard- Moosclook- Rangeley Kenne- Azis- All
in year SONS meguntic and ponds* bago 08 lakes
Brook Trout
1933 77 159 124 13 10 383
1034 59 111 467 4 125 766
19356 98 216 281 15 .. 610
1936 28 43 61 4 12 148
1937 74 112 181 7 30 404
1938 73 117 113 6 31 340
Total 409 758 1,227%% 49 208 2,651
Land-locked Salmon
1933 .. 53 40 .. . 93
1 .. 118 157 . .. 275
1 .. 163 321 . .. 484
1 47 258 147 . . 452
1937 19 56 83 . 5 163
1038 15 132 67 .. . 214
Total 81 780 815%* .. 5 1,681

#Ineludes fish planted in Round, Dodge, Gull, Haley, and T.ong ponds.

e totals for Rangeley Lake for the six years, and not including the five outlying ponds,
were 540 thousand trout and 653 thousand salmon.

The above figures are not directly comparable as to potential stock-
ing value, heeause of differenees in size of the fish planted. Some
fish were planted as fry, others as 2- to 4-inch fingerlings, others as
4- to 6-inch fish, and others as “mature” fish or over 6 inches. Fish
arc planted at different sizes as a result of the fact that the hatcheries
can hatch and rear more small fish than they have facilities for rear-
ing fish up to 6 inches or more in length.

The rate of mortality of young fishes in natural waters is usually
very great, but it deercases rapidly with increase in size of the fish.
A 6-nch trout or salmon might be expeeted to have a much greater
chance of survival when planted in natural waters than would a
2-inch fish. Conversion factors for allowances for size differences in
stream stocking tables for trout have been given by Embody?2e, and
by Davis,? as follows:

2 Embody, G. C.: 1927. Stocking policy for the Genesee River system. In
A Biological survey of the Genesce River system. Suppl. to 16th Ann. Rept.,
N. Y. S. Conserv. Dept. See p. 26.

% Davis, H. 8.: 1938. Instructions for conducting stream and lake surveys
U. 8. Bur. Fish., Fishery Circular No. 26, see Table 2 on p. 21.
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: Tor fish of lengths: 17 27 3 41 5 &

B i : 2 1.7 1 x0.75 x0.63 x0.6 (Embpdy)

Qﬁﬁ?ﬁiﬂ g;": o o 25 X x0.7 50.62 x0.55  (Davis)
These factors are roughly in proportion to the expected rate of mor-
tality at different lengths which may be expressed, also, by the fol-
lowing approximate figures:

Of 1-inch fry, 5 per cent will live to be 6 inches lqu

Of 3-inch .
Of 5-inch * 90 "

The figures (in Table XXXV) on the numbers of trout and salmon
of various lengths which were stocked in the Rangeley waters have
been converted into equivalents of 6-inch fish on the basis of 5,_ 50,
and 90 per cent survival of fry, 2- to 4-inch fish, and 4- t<).6-1nch
fish, respectively. The “mature”’ fish (average length-about_‘ 7 1ncho§)
were figured to be worth 7.5 per cent more than 6—1nqh fish. It is
recognized that the rate of survival of trout and salngon in the_ Range-
ley region may be somewhat different from that 1nv01qu in these
conversion factors. The figures obtained by the conversion, on f’h("
other hand, are undoubtedly more reliable in evaluating the differ-
ent plantings, than are the figures on the actual number of fish plantcd.
The figures (in thousands) on plantings, converted to the cquivalents
of 6-inch fish, were as follows:

mn

Trish Both N
hué(zhe(l Richard- Mooselook- Rangeley Kenne- Azis- l/}.ll‘
in year SOLS meguntic and ponds* bago COOH akes

Brook Trout

03 56 57 94 14 9 230
%())ii 53 92 111 4 20 280
1935 ]9 108 151 7 . _;.';._;
1936 27 41 50 4 11 13
1937 67 41 70 6 27 21 ?1‘i
1938 70 106 87 5 30 z.)(‘
Total 362 445 563 %% 40 106 1,51

-locked Salmon
Laﬂ)(:i;zs .. 23 23 .. .. z;h
1034 .. 28 42 .. .. 70
1935 . 18 17 . . 35
1936 23 26 28 . 77

1937 9 30 56 . 2 106
1938 1 36 29 .. .. 468
Total 33 170 1957+ . 2 0

*Ine \s fish planted in Round, Dodge, Gull, ITaley, and I_mng pmlds. i
*B',lls}lﬁdt(:halls lf(l)’raRan11(',10y Lake for the six years, and not including the five outlying ponds,
were 344 thousand trout and 148 thousand salmon,

The 2,651 thousands (or over 2} millions) of trout planted in the
Rangeleys during the six years in question were thus equivalent to
1,516 thousands of 6-inch fish; the 1,681 thousands of salmon planted
during this period were equivalent to 400 thousand 6-inch fish. rI"he
greater drop in the number of salmon was duc to the smaller'sme
of the salmon which were planted. The above figures for 6-inch
fish revealed that stocking of trout in each individual lake, and stock-
ing of salmon in Mooselookmeguntic and Rangeley lakes, were car-
ried out with a fair degree of uniformity from year to year. The
most notable exceptions were the somewhat larger plantings of trout
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during 1935, the smaller plantings of trout during 1936, and the
larger plantings of salmon during 1937. The plantings in years of
low and high totals were distributed among the various lakes in
about the same proportion as in other years.

A partial evaluation of the recent trout and salmon plantings
may be made by comparing them with the catch of fish in 1939 as
revealed by the warden census, and by a comparison with the gill
net collections made by the survey during 1939. The following com-
parison is based on the 1939 catch by fishermen of 10,625 trout and
salmon as estimated from the warden census; since this estimate
of total catch was apparently much too low (sec page 156), the fol-
lowing figures on returns to the angler are correspondingly too low.
Trurthermore, if the total eatch of fish in 1939 was considerably below
that of the years 1936 to 1938, then the per cent returns from this
six-year pecriod of stocking was somewhat greater than is indicated
in the following figures. The 1939 catch of trout and salmon, the
average numbers per year in thousands of fish stocked in equivalents
of 6-inch fish, and the per cent returns, arc as follows:

Both
Richard- Mooseclook- Kenne- Azis- All
sons meguntic Rangeley bago COO8 lakes
Trout . ,
Planted . .. 60 76 94(57) 7 18 255
Caught .. ... 300() 1,460 3,750 2,500 450 8,460
Per cent ... 0.54-(7) 1.9 4.0(6.6) 36 2.5 3.3
Salmon
Planted . .. 6 28 33(25) 0 0.3 67
Caught. . ... 25(1) 1,350 610 120 60 2,165
Per cent.. .. 0.4-+(7) 4.8 1.8(2.4) .. 20(?) 3.2

The returns for trout and salmon from the Richardsons are ques-
tionable because the census was inadequate; the figures on salmon
in Aziscoos do not represent a fair check on returns from stocking
because few were planted and few were caught. The per cent of fish
caught to fish planted for the lakes as a whole was 3.3 for trout and
3.2 for salmon, but this almost identical return for the two species
did not hold true for the individual lakes. The three lakes of the
group which were fished most heavily (Mooselookmeguntic, Range-
ley, and Kennebago) gave quite different returns. If Mooselook-
meguntic and Rangeley are compared, Mooselookmeguntic gave
the best returns (4.8) on salmon, and Rangeley Lake gave the best
returns (6.6 — not figuring the stocking of outlying ponds) on trout.
Rangeley Lake, furthermore, gave somewhat better returns on the
two species combined; and this fact is especially significant in view
of the fact that Mooselookmeguntic Lake has much better tribu-
taries for natural reproduction.

It should not be inferred that all of the fish caught were the results
of plantings; quite the opposite is indicated for Kennebago Lake
which has maintained a large population of trout with relatively
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little aid from artificial propagation. The 3.3 per cent and 3.2 per
cent returns of trout and salmon in the entire region is presumably
partially attributable to natural reproduction.

A comparison of the planting records with the fish taken by the
1939 survey was not particularly helpful in evaluating the stocking
program, because of many complicating factors. The numbers of
trout and salmon of various year classes which were taken by fairly
random samples during the survey, and the numbers (in thousands
of 6-inch fish, or their equivalent) in each year class in the plantings,
were summarized for the entire group of lakes as follows:

Fish young of: 1938 1937 1936 1935 1934 1933
Trout
Number planted ... ... 208 211 133 355 284 230
Taken by survey...... 9 75 109 36 11
Salmon
Number planted ...... 66 106 77 35 70 46
Taken by survey...... .. 5 8 17 11 3

The 1938 and the 1937 (in part) year-classes contained fish which
were either mostly too small to be taken by the nets, or were not
present in the open water of the lakes. The drop in numbers of fish
in the 1934 and 1933 year-classes might have been attributed to
age-mortality and fishing intensity. The figures definitely revealed
that direct returns from any one year’s stocking in these lakes were
small after an elapse of about six years. The lack of correlation
between the numbers of trout and salmon of the 1936 and 19356 year-
clagses in the plantings and in the survey collections may have been
partially due to such factors as fishing intensity, age mortality, and
the role of natural reproduction.

CONCLUSIONS AND RECOMMENDATIONS

Conclusions. TFive of the six Rangeley lakes (or all exeept Aziscoos)
considered in this report arc natural lakes with their levels raised
more or less by artificial dams. All of these five lakes have maximum
depths of over 100 feet, and all may be clagsified as very good trout
and salmon lakes on the basis of temperature and supply of oxygen
in the deep water during the summer. Temperatures of the upper
warm-water layer during the hottest part of the summer were mostly
in the low seventies, or somewhat below the temperature limits usu-
ally set for trout and salmon waters. 'This upper section of each of
the Rangeley lakes during the summer (extending to depths of 30
to 35 feet) may therefore be classed as marginal trout and salmon
water. Even though the water in all of these five lakes was very
good for trout and salmon, some differences were detected. If a
comparison is made on the basis of total quantity of good water,
then Mooselookmeguntie Lake ranks first, followed by Rangeley,
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Kennebago, Lower Richardson, and Upper Richardson. If, how-
ever, the comparison is made on a percentage basis, the order i,s quite
dlffel'ent with Kennebago Lake first, followed by Rangeley, Lower
Richardson, Upper Richardson, and Mooselookmeguntic ’respec—
tively. Auziscoos Lake is in a category by itself, with a rilaximum
depth of only 60 feet and a limited amount of deep cold water which
is depleted of its oxygen by carly summer due to organic decompo-
sition. The upper warm-water zone of Aziscoos reached the II())W
seventics during the summer and is therefore classed as marginal or
“not good”’ trout and salmon water. The only good trout and salmon
water in this lake during the summer is to be found near stream
mouths, and, judging from our survey collections, this is where the
fish were congregated at this season.

. The basic food supply in the form of plankton and bottom organ-
isms did not vary greatly among the different lakes. Bottom organ-
Isms were mostly quite rare and were low in total quantity per unit
arca, and there was very little aquatic vegetation in any of the Range-
ley lakes to support insect life. This meagre bottom fauna was cor-
related with the scarcity of bottom organisms in the summer food
of the trout and salmon. Kennebago Lake had the best supply of
bottom food, but even in this lake it was quite scarce and was itil-
ized very little as food by the trout. The supply of plankton, or
minute animals and plants floating in the water, was found to, be
quite low per unit volume of water ; but if the cnormous volumes of
water in the lakes are taken into consideration, the plankton inl the
Rangeley lakes has a great productive capacity.  Circumstantial
evidenee indicated that the plankton was abundant to thc‘ extent
that it was not being fully utilized by fishes, or utilized to its full
extent in the complete food chain in the production of tr()uf and
salmon. The predominant links in this food chain in the Rangele

lakes are from the plankton crustaceans, to the smelts, to the troubtr
or salmon.  The lakes with the greatest densitics of trout and salmon
namely Kennebago and Rangeley, hiad the lowest populationg of’
plankton. It is concluded, therefore, that the basic plankton food
supply is not the limiting factor in the production of game fishes in
the lakes as a whole.

The game fish populations varied considerably among the differ-
ent lakes with respeet to the total populations of trout and salmon
density of the populations, ratio of trout to salmon, and the returné
to the angler. These variations, as indicated by the results of the
field survey and the results of the warden census, can be seen in the
following brief resumes of conditions for each lake. |

Kennebago 'Lake had a dense population of Brook Trout, but
had comparatively few salmon. Our netting records indicated it
had nearly as large a trout and salmon population combined ag did
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the larger Rangeley and Mooselookmeguntic lakes; and in spite of
the denser population, the trout were growing just as rapidly in
Kennchago. This lake was affording the best trout fishing to the
individual angler; and about two-thirds as many fish were being
killed by all anglers as in Rangeley Lake which is three times as
large. This production in Kennebago Lake was being maintained
in spite of very limited stocking. .

The two lakes most nearly comparable in a combination of factors
as size, amount of trout and salmon water, extent of stocking, and
intensity of fishing, are Rangeley and Mooselookmeguntic. These
two together support the great bulk of the trout and salmon of the
Rangeley chain, afford a major part of the fishing, and receive a
major part of the fish planted by hatcheries. Our survey net records
seemed to indicate that Rangeley Lake had denser populations of
both trout and salmon, but that Mooselookmeguntic Lake had a
slightly greater number of trout and salmon which were scattered
over a greater lake area. Records of the fishermen’s catches, which
involved many times the number of fish that were in the net catches,
indicated quite a different situation in the relative numbers of trout
and salmon in the two lakes. In the eatch records from Rangeley
Lake, trout outnumbered salmon about 6 to 1; while in Mooselook-
meguntic Lake tht ratio was about 1 to 1; the former lake produced
about two and one-half times as. many trout, while the latter pro-

duced twice as many salmon. If the angler’s catch of 1939 is con~

verted in terms of per cent returns from the fish which were stocked,
Rangeley Lake gave about three times as good returns on trout, and
Mooselookmeguntic gave about twice as good returns on salmon.
It appears, on the basis of net catches, census records, and per cent
returns from stocking, that Rangeley lake is a much better trout
lake than a salmon lake, and that it is a better trout lake than is
Mooselookmeguntic; on the other hand, Moosclookmeguntic is a
hetter salmon lake than trout lake, and is & much better salmon lake
than is Rangeley Lake.

Our survey records and the warden census together indicated that,
in the two Richardson lakes, trout outnumbered salmon about 10
to 1. Recent plantings of the two species were in about the same
proportion of nearly 10 to 1. The two lakes are fished more lightly
than are Mooselookmeguntic, Rangeley and Kennebago.

Our net records seemed to indicate that the total trout and salmon
populations of Aziscoos Lake were quite small compared to the
other Rangeley lakes, and that the fish were concentrated near stream
mouths during the summer. The lake is fished lightly for its size,
having about one-tenth the fishing intensity of Rangeley Lake.

If the 1939 fishing season is taken as an average, then fishermen
catch at least 3.3 trout and 3.2 salmon (probably more; see page
163) for every 100 six-inch trout and 100 six-inch salmon (or their
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cquivalents in smaller fish) which are planted in the Rangeley lakes
and their tributaries. Since a considerable proportion of the catch
must be attributed to natural reproduction, with the possible excep-
tion of Rangeley Lake, the rate of return of stocked fish to the angler
must be little, if any, more than the 3.3 and 3.2 per cent. Even if
the 1939 fishing season was considerably poorer than that of the
previous ten years, as is suggested by Mr. Turner’s data for Moose-
lookmeguntic Lake (see page 152), the returns from stocked fish over
this period would still be quite low.

One of the most promising methods of greatly increasing the trout
and salmon populations of the Rangeley region, in the writer’s opin-
ion, would be to greatly increase the chances of survival of the ap-
proximately 600,000 fish which are planted in the Rangeley lakes
and their tributaries each year. The rate of survival of these small
fish is largely dependent upon two factors: a suitable place to live,
and an adequate food supply. The survey obtained no evidence
that loss by predation was a serious factor in the region. During
the survey it was found that the lakes themselves were generally
quite barren of bottom inseet food and the only large food supply
available to trout and salmon was the smelts. Turthermore, trout
and salmon usually spawn in streams whencver possible, and the
young are primarily adapted to living in streams. Our growth stud-
ies on the scales of Rangeley salmon revealed that practically all of
the salmon in this region spend at least their first two years in very
slow growth. This slow growth for the first two years is presumably
made in streams, for we commonly found young and yearling salmon
in the tributarics, but rarcly in the lake shallows, and not at all in
the stomachs of large trout and salmon from the lakes. The same
facts apply to the young trout. The success of the production of
young trout and salmon by natural reproduction, and the degree
of survival of the fry and 2- to 4-inch (probably also the 4- to 6-inch)
trout and salmon which are planted, must be in proportion to the
carrying capacity of the tributaries of cach lake. Rangeley Lake
and the two Richardsons do not have, in the writer’s opinion, suffi-
cient tributary waters to support the numbers of trout and salmon
fry which have becn planted in these lakes. Mooselookmeguntie
has the greatest amount of potential fry-producing waters in the
Kennebago and Cupsuptic river systems. It is doubtful if the trib-
utaries of Kennebago Lake are adequate to maintain the present
excellent fishing in this lake for many years if the fishing intensity
greatly increases, without considerable aid from artificial reproduc-
tion. In brief, it may be stated that the Rangeley lakes vary con-
siderably in the capacity of their tributaries to support young trout
and salmon. Any big differences which might exist in the productive
capacity of the different waters for small fish do not extend through
to the production of large fish, judging from the data on conditions
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in 1939. Mooselookmeguntic Lake with its greater fry-producing
capacity had no more adult fish, did not produce as many to the
angler, and gave no better returns on the basis of planted fish, than
did Rangeley Lake with its more limited fry-producing waters. It
appears from this comparison that the limiting factors in the pro-
duction of numbers of large trout and salmon in Mooselookmeguntic
Lake involve the trout and salmon populations in the lake itself.
Our survey gill net records, seining records, and growth studies on
scales, together indicated that trout and salmon entered the open
waters of the lakes at about seven inches in length. In the lakes
they fed almost exclusively on the Smelt and other fishes. Any
change from an inscet diet in streams to a fish diet in lakes was fairly
abrupt, for the 7- to 9-inch trout and salmon in the lakes were feed-
ing as exclusively on smelts and other fishes as were the larger trout
and salmon.

The Smelt is the main link in the fish production of the Rangeley
waters. That fact has been emphasized in practically every article
written on the fishing in the Rangeley region since the Smelt was
introduced. It was the unqualified conclusion by Kendall in hig
report on these lakes. The importance of the Smelt is recognized by
practically all guides and fishermen in the region. The point on
which there is, and has been, considerable difference of opinion con-
cerns the abundance of this fish. Less than five years after the Smelt
was introduced in 1895 into the Rangeleys, fishermen began to com-
plain that the poor fishing was due to an over-abundance of smelts.
The reason was given that the trout and salmon had so many smelts
to eat that they could not be caught by the fishermen.  Among the
ten Jocal guides who responded to the 1939 questionnaire, hall were
of the same opinion, while the other half stated that smelts were not
over-abundant. The pertinent point in this problem is not so much
a question of any one individual fish having so many smelts in his
stomach at a given time that it refuses to bite on a hook; it is the
question as to whether or not the Smelt has been so abundant over
a period of years that fishermen could not cateh a reasonable pro-
portion of the trout and salmon which were present.

All available evidence obtained by the present survey, and most
of the cvidence in the fragmentary records of the history of the fish-
ing, point to the conclusion that the Smelt, at present, is not so abun-
dant that it is ruining the trout and salmon fishing. There is little
reason to believe that this situation ever did exist. It is the present
writer’s opinion that just the opposite situation did exist, namely,
that any general decline in the production of game fishes in the Range-
ley region over the past 30 years has been generally associated with
and mostly the result of a decline in the smelt populations. It is also
maintained by the present writer that these Rangeley lakes could
and would support much greater total trout and salmon populations
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than they supported in the early days, if the smelt populations were
allowed to increase to their maximum. The data supporting these
opinions are from a variety of sources, and may be summarized as
follows: The first point is that the continual complaint by fishermen
over the period of the last 50 years that the Smelt was ruining the
trout and salmon fishing, is, in itself, hardly logical. If the fish were
being so well fed and had such an unlimited food supply that they
could not be taken by fishermen, then the total population of trout
and salmon should have increased. Such an increase in the trout
and salmon populations might be expected to continue only until
they had caught up with the food supply. Judging from the records
compiled by Kendall (sce Fig. 12), such an inercase probably oc-
curred after the introduction of the Smelt just before 1900. During
that period when the Smelt was spreading and greatly increasing in
numberg throughout the Rangeley region, the catch of trout and
salmon was increasing. This increase in the reported eatch. from
about 1895 (when the Smelt was introduced) to 1914 may have been
partly the result of greater fishing intensity, but fishing intensity
has also increased since 1914. The obvious conclusion is that if
there has been a general decrease in numbers of fish caught since
1914, it could hardly be ascribed to over-abundance of smelts.

The sccond point is in conncetion with the smelt populations and
concerng the abundance of smelts in the spawning runs and in the
stomachs of trout and salmon. According to the 1939 census the
local fishermen took over 6,000 quarts of smelts from the runs from
Rangeley, Mooselookmeguntie, and Upper Richardson lakes. This
quantity, in itscll, does not scem to be very great; and, directly, it
would feed probably less than 1,000 adult trout or salmon for one
year. The approximately 300 thousand individual smelts in these
6,000 quarts would, however, produce many millions of Smelt fry
for the lakes. The taking of these smelts from the spawning grounds
would have an important effeet on the total food supply of the lakes
if that total supply of smelts was relatively low. The local Fish
and Game Wardens expressed the opinion that the smelt runs are
smaller than they were years ago. So did half of the local guides
whose opinions were solicited; the remaining guides stated that
there are too many smelts at present, but none volunteered the opin-
ion that there are more smelts now than in the past. The average
1939 catch on the spawning runs of Rangeley and Mooselookme-
guntic lakes was only about half the legal limit of four quarts of
smelts. The present smelt fishing, therefore, hardly seems to con-
form to a 1910 statement that the supply was unlimited and to a
1907 report that “onc man dipped four bushels.” Among the num-
erous past complaints that the smelts were making it impossible to
catch fish, were references to trout and salmon containing large num-
bers of smelts. The survey findings were quite the opposite. The
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stomachs of 221 trout and 43 salmon from the Rangeley region were
examined; the trout contained an average of 0.4 smelt, and the
salmon an average of 1.1 smelts. The above information on spawn-
ing runs and stomach contents of the game fishes certainly does not
indicate an over-abundance of smelts.

A third approach to the Smelt problem in the Rangeley region is
by a consideration of the maximum size and the rate of growth of
the trout and salmon. It is a well known fact that fish must have
plenty to cat if they are to grow to a large size; and it is generally
believed that most of the larger game fishes attain their maximum
size only in large bodies of water. A third factor which would also
affect the numbers of fish reaching a large size is fishing intensity,
for very heavy fishing might continually remove most of the fish as
they reach a legal size. It would take extremely heavy fishing, how-
ever, to prevent every fish from reaching that maximum size which
would be limited by natural causes. Thus the trend of change in
maximum size of trout and salmon in the Rangeley region was prob-
ably related to food supply. The maximum size of Brook Trout
has decreased somewhat over the past 70 years. The majority of
the larger trout were reported prior to the extinction of the Blueback
Trout about 1900, and early reports attributed this large size of the
Brook Trout to their feeding on the bluebacks. The maximum size
of salmon in the Rangeleys (16.5 to 18.5 pounds) was reported in
1903 and 1905, about 30 years after the salmon was introduced, but
only about five years after the introduced Smelt had become abun-
dant. The maximum size of 549 salmon reported in 1915 was 814
pounds. The largest salmon taken during the 1939 survey was of
6 pounds; the oldest salmon were three IX-year fish, but these
weighed only 4 to 434 pounds ecach; the largest trout taken by the
survey was onc of 414 pounds; a 714 pound trout, taken by an an-
gler, was six years old; and most VI- to VII-year trout were 2 to 4
pounds in weight. The maximum age of Brook Trout is rarely over
seven years, and that of Land-locked Salmon is rarely over nine
years; and there is no reason to believe that the 12-pound trout and
18-pound salmon reported from the Rangeleys in the past were much,
if any, older. The conclusion is that they were larger because they
had more to eat and grew more rapidly; likewise, it seems to be the
most logical conclusion that at present the trout and salmon are not
growing to their maximum size because of an inadequate food sup-
ply. There appears to be evidence of a greater scarcity of food in
Mooselookmeguntic Lake than in Rangeley Lake, judging from the
much slower growth of salmon in the former.

Still further evidence supporting the present writer’s belief that
the smelt populations of the Rangeley lakes are low and are the limit-
ing factor in the production of trout and salmon, is concerned with
the potential productivity of the lakes at present as compared to
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the past. These lakes produced reportedly good trout fishing before
either the salmon or Smelt were introduced. The early reports in-
dicated that the larger trout fed mostly on native minnows and on
the bluebacks. After the Smelt was introduced, the trout shifted its
diet mostly to this forage fish, judging from past reports and the
1939 survey findings. The introduced salmon is also feeding mostly
on smelts. Therefore, the pressure of predation on the minnow
p.opulations must have been considerably reduced by the introduc-
tion of the Smelt; and there should be, at present, a larger total min-
now population, or at least as large a one, as there was in the early
days of trout fishing. Minnows are not at all abundant in the lakes
at the present time; and, if the preceding argument is sound, they
never were very abundant. The addition of smelt populations to the
populations of minnows in the lakes certainly greatly increased their
potential productivity. The early records of trout fishing are not
out of harmony with this conclusion. The early trout fishing was
best known for the large size of the fish, and not for unusually large
numbers. During Allerton’s 1869 fishing trip, for example (sce page
'143), he caught a total of 247 trout over a period of three weeks dur-
ing the best part of the fishing season. This cateh was not at all
remarkable in terms of numbers of fish, but was unusual in that it
contained 13 trout weighing from 5 to 814 pounds cach. The 247
trout caught by Allerton in 1869 had an average weight of 15.2 ounces.
In comparison with this, the average weight of trout and salmon
taken by nets from the lakes during our 1939 survey might be cited.
The 148 trout from Rangeley, Mooselookmeguntie, and the Rich-
zln*dson lakes had an average weight of 14.5 ounces; the 94 trout
from Kennebago and Aziscoos lakes had an average weight of 11.5
ounces; the 51 salmon from all six lakes had an average weight of
37.3 ounces; and the 191 trout and salmon together from Rangeley

M()()selookmoguntic, and the Richardson lakes had an average weighé
of 20.5 ounces. After making allowances for the smaller fish taken
by our nets and for the thirteen 5- to 8-pound trout taken by Aller-
joon, 1t appears that the average weight of the great majority of trout
in Rangeley and Mooselookmeguntic lakes was larger in 1939 than
fche average weight of trout in these lakes in 1869. If the salmon is
included in the comparison, then it is obvious that the average fish
available to the angler in the Rangeley region at present is larger
fohan was the average trout taken by Allerton in 1869. This is not
Inconsistent with the writer’s conclusions that the lakes produced

more fishing after the Smelt was introduced than they did before

and that, if there has been a considerable decrease in fishing ove1:
the past ten years, it has probably been due to a decrease in the

numbers of smelts.

.A hasty perusa.l of the preceding discussion on the Smelt might
give the impression of an important inconsistency in connection
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with the maximum and average sizes of trout and salmon and their
relation to the food supply. The decrease in maximum size of trout
over the past 70 years and of salmon over the past 35 years is ex-
plainable, even though the average size of trout and salmon in the
lakes at present is apparently greater than that of Allerton’s catch
of 247 trout in 1869. Since early reports before 1900 attributed the
large size of the Brook Trout to the bluebacks, the extinction of
the latter about 1900 might account for the deccrease in size of the
Brook Trout. The maximum size of the salmon was attained about
1905 and after the Smelt had become abundant; thus a decrease
in the supply of smelts over the past 30 years would account for a
decrease in the size of salmon. Thus, with the present food supply
of both smelts and minnows, there could still be more food and larger
average fish now than in 1869; and this would not be inconsistent
with the greater maximum size of the Brook Trout in these carly
days, if that maximum size was correctly attributed by the carly
reports to the Blueback.

The decrease and present inadequacy (which, in the present writ-
er’s opinion, does exist) of the smelt populations of the Rangeley
lakes (particularly Rangeley and Mooselookmeguntic) could hardly
be attributed to anything but over-fishing on the smelt runs, or
possibly to the smelts being reduced by trout and salmon predation.
Regardless of which of the two causes may have been most cffective,
the present smelt dipping is presumably reducing the production of
trout and salmon for the angler; and the two pounds of trout and
salmon caught per day by the angler is worth more to the local peo-
ple of the Rangeley region than is a four-quart pail of smelts taken
from the spawning run.

Present fishing intensity and the cateh of fish are great, as com-
pared to the supply of fish available, judging from the following
conditions in Mooseclookmeguntic Lake in 1939.  The total number
of adult salmon in the spawning runs in Kenncbago River and,
Rangeley Stream was estimated by Mr. Henry W. Davenport,
Superintendent of the State fish hatchery at Oquossoe, at 1,600
fish; this estimate was based on the actual capture of 1,077 salmon’
for stripping. Our survey findings revealed that most of the légal-
sized salmon (over 14 inches) in Moosclookmeguntic during the
summer were maturing for fall spawning. If the assumption is cor-
rect that most of the salmon spawn in Kenncbago and Rangeley
streams (as reported), the conclusion scems justified that there were
less than 2,000 legal sized salmon left in the lake after the 1939 fish-
ing season had removed considerably more than 1,350. The 1939
catch represents more than the apparent 40 per eent, for the average
age of the legal-sized fish in the lake was more than four years.
Judging from the above comparison, our net records, and the war-
den census, the present drain by fishing on the supply of both salmon
and trout in both Mooselookmeguntic and Rangeley lakes is great.
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Recommendations. The following recommendations are based
on the data obtained by the 1939 survey and from other sources, and
presented in the preceding sections of this report. The recommen-
dations are made with the sole purpose in mind of affording more
trout and salmon and better fishing in the Rangeley lakes. The
recommendations are as follows:

Give the Smelt much more protection in the Rangeley region,
and close the secagon entirely on taking smelts from the spawning
runs in the tributaries of Rangeley (Oquossoc) and Mooselookme-
guntic lakes.

In the fish planting program, stock Rangeley Lake mostly, if
not entirely, with Brook Trout; and stock Mooselookmeguntie
Lake mostly, if not entircly, with salmon. (This recommendation
is based on the facts that Rangeley Lake in 1939 gave the best re-
turns on trout, and Mooselookmeguntic Lake gave the best returns
on salmon, both in proportion to the plantings of hatchery fish over
the preceding six years.) Stock only Brook Trout in Kennehago,
Aziscoos, and the Richardson lakes.

Plant {ry and 2- to 4-inch trout and salmon only in the tributary
streams; and stock these streams in proportion to the numbers
rccommended in the following section of this report.

Tixpand rearing pool facilities and raise as many of the trout and
salmon as possible for two years and up to a length of seven inches,
or more, before they are planted in the lakes. (The lakes arce gen-
crally lacking in food for small fish.) Stock the lakes as recom-
mended in the following scetion of this report.

It is recommended that those tributary streams of the two Rich-
ardson lakes, Moosclookmeguntic and Cupsuptic lakes, Rangeley
Lake, and Kennebago Take which are now closed to fishing be kept
closed. Tt is also the writer’s opinion that the September fly fishing
for trout and salmon in the spawning runs in Cupsuptic and Kenne-
bago rivers should be discontinued, in view of the present intensity
of fishing on Moosclookmeguntic Lake and the neeessity of pro-
tecting the spawning runs.

The limited capacity of the tributaries of Rangcley, Kennebago,
and the Richardson lakes makes the drastic control of beaver on
these streams very desirable.

Reduction of the populations of minnows and suckers in South
Bog Stream, tributary to Rangeley Lake, by scining under Game
Warden supervision, is reccommended. (This trout breeding stream
was found to be over-run with these fishes.)

Do not introduce any species of game fishes in the Rangeley lakes
or any of their tributary waters except Brook Trout and Land-locked
Salmon. It is the writer’s opinion that the introduction of the togue
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or Lake Trout and the further introduction of Brown Trout and
Rainbow Trout would not help the fishing. The introduction of
any of the warm-water game fishes such as the White Perch, Yellow
Perch, bass, or pickerel is extremely undesirable.

It is recommended to the anglers and bait dealers that no live bait
be brought into the Rangeley region from other areas, because of
the potential danger of bringing in the young of undesirable species.

STOCKING POLICY FOR THE RANGELEY LAKES
AND THEIR TRIBUTARIES

The following recommended program of yearly plantings of trout
and salmon for the Rangeley lakes and their tributaries has been
based on the results obtained by the 1939 survey and presented in
this report. The recommendations have been made somewhat flex-
ible with respect to the size of fish to be planted, in order to allow
for differences in size of the fish available. In the writer’s opinion,
it is very desirable that fish-rearing facilities be greatly expanded
so that trout and salmon can be reared for two years and to a length
of seven inches or more before they are planted in the open waters
of the lakes; fish less than six inches long should be planted only in
tributary streams, and only to the extent of the carrying capacity
of cach stream.

The proposed stocking policy for the lakes has been bascd on four
factors, namely: area, available food, spawning grounds, and fish-
ing intensity. A fifth factor which has been considered in trout and
salmon stocking recommendations for lakes of southern Maine is
competition by warm-water game fishes (Survey Report No. 21);
but this factor is not involved in the Rangeley lakes. The arca com-
puted as a basis for stocking each lake is not the total area, but is
an average between the total arca and the area of lake bottom avail-
able to trout and salmon during the summer months. These aver-
age arcas of lake bottom available to the trout and salmon in the
different lakes during the summer were approximately in proportion
to the average volumes of water available to the fish (see Figures
2 to 6). The available food supply of the various lakes was evalu-
ated on the basis of several factors, namely: the gencral abundance
of plankton and bottom food organisms; the general abundance of
smelt and minnow fry in the shallow waters of the lakes; the abun-
dance of smelts in the spawning runs and the success of fishermen
in obtaining their legal limits of smelts; the relative abundance of
smelts in the lakes as indicated by their capture in gill nets and by
their abundance in trout and salmon stomachs; the density of trout
and salmon populations which the lakes were maintaining in 1939,
in relation to fishing intensity, past stocking, and spawning facilities;

1 See footnote p. 10.
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and, finally, the rate of growth of the trout and salmon. By taking
all of these factors into consideration, each of the six lakes was ac-
credited with a food grade (of I, II, or IIT) with reference to the spe-
cies for which stocking is recommended. The general classification
of the tributaries of the different lakes was based on the extent of
available spawning grounds and the capacity of the streams to rear
fish to a size suitable for natural stocking of the lakes. The factor
of fishing intensity was evaluated on the basis of the 1939 census
by the Fish and Game Wardens. The computations of the numbers
of fish to be stocked per acre in each lake have been based on a
‘“planting table for trout lakes’” proposed by Dr. H. S. Davis; the
figures proposed by Davis have been modified to apply to 6-inch
fish (Table XXXVI).

TABLE XXXVI. Stocking table for trout and salmon lakes; number of
6-inch fish per acre*

Modified from Davis, 1938: Planting table for trout lakes

Grade I — Food Grade IT — Tfood Grade TIT — Food
abundant average poor
Fishing
intensity
Good Poor Good Poor Good Poor
spawning |spawning| spawning | spawning | spawning | spawning
Heavy........... 100 130 50 65 25 35
Medium. . . ... .. 50 100 25 50 15 25
Light.. ... ....... 15 65 10 35 10 15

* Not based on total arca of the Inke, but on the average between the total arca and the area of
lake bottom available to trout and salmon during late summer.

The stocking recommendations for the tributary strecams have
been baged on the following factors: maximum water temperature,
amount of stream flow; average width of the stream; the extent of
pools and cover, expressed as a Pool Grade; the abundance of bot-
tom food organisms, cxpressed as a Food Grade; and the length of
stream suitable for stocking. The maximum water temperature and
the minimum amount of stream flow were considered as factors de-
termining whether or not a given stream was suitable for stocking.
For those streams which had suitable temperature and adequate
water supply, stocking has been recommended on the basis of pools,
food, and stream width and length. A brief description of the
streams has been given earlier in this report (see page 137). The num-
bers of fish to be planted in the streams have been computed'on the

% Davis, H. S.: 1938. Instructions for conducting stream and lake surveys
U. S. Bur. Fish., Fishery Circular No. 26. :
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basix of o “‘stocking table for trout streams” proposed by Dr. G. C.
limbody# for the Genesee River System in New York (Table
NXXVID).

TABLE XXXVII. Stocking table for trout streams

As proposed by G. C. Embody (1927) for streams of the Genesee River System in New York
State, and used as the basis for the present stocking recommendations for tributaries of the Rangeley
lakes.

Number of 3-inch* fingerlings per mile
Stream

width, -1 4 A en mo Maa | Ben | O | Oy | Oen
n R 2 T I 1 . zg | 2o | g | gy
feet o Q Qo Q [olNe] o O Qo Q o Q0 o Q c Qo Qo Q
o O o Q (el ool o O [e)e} [el=] [ele] o O
il el il Blalatll elalll Ml Balall Ml Rainy

1 144 117 90 117 90 63 90 63 36

2 288 234 180 234 180 126 180 126 72

3 432 351 270 351 270 189 | 270 189 108

4 576 468 360 468 | 360 | 252 | 360 | 252 142

5 720 585 450 585 450 315 450 315 180

6 864 702 540 702 540 378 540 378 216

7 1,008 819 630 819 | 630 | 441 630 | 441 252

8 1,152 936 720 936 720 H04 720 504 284

9 1,296 | 1,053 810 | 1,063 810 567 810 h67 324,

10 1,440 | 1,170 900 | 1,170 900 630 900 630 360

* Im the above table the values vefer to 3-inch Gngerlings only.  In order to apply them to fish
of various sizes, multiply the values in the table by the following:
it 67

For fish of: 1 5
x12 x1.7 x1 x0.75 x().63 x(.6

or B 4

If the figures given in these two stoeking tables were applied to
the Rangeley waters in proportion to the evaluations of these waters
as made by the present survey, and applied to their full extent, the
yearly stocking would amount to the equivalent of over one and
one-half million 6-inch fish (992,000 trout and 600,000 salmon).
This would be about five times the average rate at which these waters
were stocked during the six years from 1933 to 1939; the 4,332,000
fish planted in the Rangeley region during this period were equiva-
lent in terms of expected survival to about 317,000 six-inch fish
(250,000 trout and 67,000 salmon) per year. A 500 per cent in-
crease in the plantings in Rangeley waters would require a great
expansion of the present hatchery and rearing station facilities, or

22 See footnote on p. 161.
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a transfer of fish usually allotted to other waters in the state. The
latter does not seem justifiable since the Rangeley region is already
receiving its share, at lcast, of the hatchery trout and salmon. Fur-
thermore, in the writer’s opinion, it is a much more urgent necessity
to inercase the size of the fish which are bheing planted in the lakes,
than to greatly increase the number. The numbers of trout and
salmon which arce here reccommended for yearly stocking in these
lakes, therefore, represent a reduction to one-fifth of the theoretical
rate at which the lakes might be stocked.

The numbers of trout or salmon recommended for yearly stock-
ing in cach of the lakes and their tributaries, and a summary of the
various factors upon which the stocking reccommendations for the
lakes have been made, are given in Table XXXVIII. The fish ree-
ommended for the streams have been considered as a part of the
waleulated stocking requirements of the lakes. The relatively small
stocking of Asziscoos Lake was recommended because of extreme
oxygen depletion in the deep water during the summer making it
necessary for the fish to congregate around stream mouths.  The
justification for stocking only salmon in Moosclookmeguntic Lake
and only trout in Rangeley Lake has been discussed previously in
this report.  Stocking the lakes during cither spring or fall is recom-

mended as preferable to stocking in July and August when the sur-

face water is the warmest. The fish planted in streams should be
scattered with some degree of uniformity along each stream, regard-
less of the considerable amount of effort which might be involved.
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TABLE XXXVIII.

Yearly stocking recommendations for the Rangeley lakes and their tributaries and a summary

of the factors upon which the recommendations for lake stocking have been based

Tributary Recommended yearly stock-] Recommended yearly stock-
Area*: Food spawning Fishing ing**of Brook Trout and Land-|  ing*** for tributary streams
Lake acres grade grounds | intensity locked Salmon for the lakes.
Lower Richardson 2,200 11 Fair Medium ? | 17,000 six-inch trout, or 15,000} Bailey Brook?
Lake seven-inch trout
Upper Richardson 3,250 1 Fair Light 11,000 six-inch trout, or 10,000] Metallock Bk.: 3,200 three-
Lake seven-inch trout inch trout
Mosquito Bk.: 4,500 three-
inch trout
Mooselookmeguntic 11,450 11 Good Heavy 100,000 six-inch salmon, or Kennebago River: 28,300
and Cupsuptic lakes 92,000 seven-inch salmon three-inch salmon
(together) Rangeley Stream: 2,000
three-inch salmon
Rangeley Lake 4,850 I Poor Heavy 123,000 six-inch trout, or South Bog Stream: 4,700
113,000 seven-inch trout three-inch trout
Long Pond Stream (lower half
only): 1,100 three-inch trout
Kennebago Lake 1,450 I Fair Heavy 28,000 six-inch trout, or 26,000) Wilbur Bk.: 500 three-inch
seven-inch trout trout .
Big Sag Bk.: 6,500 three-inch
trout
Little IXennebago River:
7,200 three-inch trout
Aziscoos Lake 0* I1I Good Light 5,000 six-inch trout, or 4,500) Big Magalloway River: 9,000
seven-inch trout J three-inch trout
: - Little Magalloway River:
! i 1,100 three-inch trout

*Not total area;
#K[f 4

given for 6-inch fish by 2. .
***If 1-inch fry are planted in the tributary streams, multiply the figures given for 3-inch fish by 12.
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see text.
to 6-inch fish are

planted in the lakes, multiply the figures given for 6-inch fish by 1.1; if 2-inch to 4-inch fish must be planted, multiply the number
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pond, taken by gill net or hook and line, or found in the trout stom-
achs,  This apparent absence of any other species but trout was
confirmed by local report. Also according to a local report, no fish
had ever been stocked in the pond, and the pond had been fished
very lightly.  Our observations indicated that trout were exception-
ally abundant. Studics on samples which were collected revealed
that the fish were growing very slowly to a maximum length of about
nine to eleven inches in four to five years (Table XXXI and Figure
11), and on a summer dict mostly of aquatic inscets supplemented
by terrestrial insccts and plankton water-fleas (sce Tables XVIII
and XIX and Figure 9). -

A study of the bottom food organisms available to trout was based
on 23 nine-inch by nine-inch samples collected with an Itkman Dredge,
and screened through No. 40 brass sieves, on June 3 and 4. The
kinds, volumes, and numbers of organisms in these samples are given
in Table XL. Aquatic insects made up a major part of the bottom
fauna; and the fresh-water shrimp was also relatively abundant.
On the basis of these 23 samples, the average bottom fauna for the
lake was calculated to be 31.8 individual organisms of 0.229 cubic
centimeters in volume per square foot of lake bottom (see Table
XLI). In quantity of bottom food, Horseshoe compared very fav-
orably with other lakes and ponds in Maine which have been studied
thus far (Table XIII). '

The available evidence from the brief survey on Horseshoe secems
to indicate that abundance of the bottom fauna was the factor limit-
ing growth and increase in abundance of trout in the pond. Trout
were very abundant. They were feeding, with some degree of uni-
formity, on all types of the bottom organisms in proportion to the
abundance of these organisms (Figure 9). They were feeding quite
extensively on planktonic, or possibly bhenthic, water-fleas, which,
in the writer’s opinion, is an index of relative scarcity of food. And,
finally, the trout were growing very slowly.

The introduction of a species of minnow such as the Red-bellied
Dace (Chrosomus eos) or the Golden Shiner (Notemigonus crysoleu-
cas), or the introduction of the Smelt, would probably result in an
increasc in the size of trout in Horseshoe Pond. It could not be
safely predicted, however, that such introductions would result in
any great increase in either the number or total weight of trout in
the pond, for the introduced species woudl become food competitors
with the trout to some extent and the larger trout might become
cannibalistic.
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TABLE XL. Volumes and numbers of each type of organisin in 23 bottom samples taken from Horseshoe Pond

West Bowdoin College Grant, arranged according to depth of water and type of bottom

1 !

- 0 _ | o ] oo lnglo]o ~G
. 3| % | mO | NG | ~w | O | 08 [Ny | g oY
SWSIESIO Y (| 52|82 (8D (3T (s 188 s | s s2|
(vpodoqser)) a_ ga

s[1BUs I01() A3 s

' =hat <
(dEplostuIy) - — o1~
s[roug o o ce

: = =] )

7 i

B o 19 00 o0 ~ 0 =
c . ~

2] (oeprovydy) 8= 36 5,’: 50,3 b Sx S

B sWeD [[Id = = A0 R B R Rz

o (=] =) =] =) = =)

A8

w

g { ) g 0 o » E

@ DI L0, —~ — o~ —~ =

=] oBALT] 0MbSOTA ) SRR A o

g : [ oo |ol (=2l

o

5}

o

5 (PEprIoucIy)) = N P R B A I Pl B B

~ = —~ = b ~ -~ I

o ORAIB] DEPITA] S | o0 |O% | °m | s | ™ | % | o NS

é‘,’; ’ = =] ] 3 S < ST |S =hel

<

= I i

g . ) ] ©

@ (”&IOQ(}(H].)}J\L) g,: | SE? N | N ©a

= QURAIB] AYSIPPED 2 SRR e e 2

Q o < o =] =] o

k)

N2

£ = —

Q . —~

2 (va01dosto))) = o5

g ouaLe] A0 i RN

=]

H

o

=

& ) ('n{oqd_?ﬁﬁz) g’..? 3 - %ﬁ

@ sydmAu Agjoswe(] e’ =2 )

-t

g

B ) )

2| s | |38 Ig

g | sudwsu JuosrL([ <2 )

2 7

R —_| = -+ o+ ) 0 ) 0

2 (eprrotoydgy) 5% 8a Sz leq | =gl eg = 5 mg

g % cnt N N S RIS . .

,:4 s Au A AvL s = SVl s S s s ‘ s2

© - « | eo

S (s2128) ‘ ISES =1y =S

ot L > 8

= OVALR] AP-I0P1IV ; | S s

S !

” [ T o I

o) PRI D I s Pornl B P -7 0~ [0 i
(epodiydury) So-m | HR | [ 28 |~ | g | o5 I b0
91% . 2. . . . .
AULIgy 19)eM-Ys0L] S S lst i sv|as STl sR | s | ==
!
0 \
(83080030 || . | o B EAl =
~ ~ ~
SULIOMYJIBO d1yenbhy O | P ceZ ez |8 Se
3 S ] S 3 =i
!
o
g 3
a,
HE g ] © 2] ™ — « 0 ™ — )
33 &N
@
v g - —~ iy
Qg & O @ [
i =8y >g | g T I R I TR
“3 fels (EElS EAE |2 |2 |2
@ . - .
2 c% & (OFiA (o {a |A A |2 |
SE .
2883 =) ] 2 |9 o
5 & e n ] ® + -+
2
o A & o
— N )
|
I




TABLE XLI. Volumes and numbers of all organisms in 23 bottom samples,
and calculated volumes and numbers of bottom organisms per square
foot in Horseshoe Pond, West Bowdoin College Grant, according
to depth of water. Based on data given in Table XL

Total organisms Organisms per
) in samples square foot,
Depth of Number (calculated)
water of
in feet samples
Vol. in Vol. in
c.c. Number c.c. Number
3-10 12 1.40 175 0.207 25.9
11-20 8 1.13 159 0.251 35.3
21-30 2 0.21 42 0.187 37.3
31-40 1 0.23 36 0.409 64.0
3-40 23 2.97 412 0.229 31.8

PLATE 1

Gill net catehes from the Rangeley lakes by the 1939 survey.

A — Upper Richardson Lake. August 8. Brook Trout (5) and Fine-scaled
Suckers (2). TLargest trout, 17 1/8 inches.

B — Mooselookmeguntic Lake. July 25. Brook Trout (1), Land-locked
Salmon (5), Smelt (1), Common Suckers (2), and Iine-scaled Suckers (4).
Largest salmon, 20 7/8 inches.

C — Mooselookmeguntic Lake. July 20. Brook Trout (8), salmon (1),
Common Suckers (3), and Fine-scaled Sucker (1), Largest trout, 16 3/4 inches.
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Gl PLATIS 11

Ul net catches from the Rangeley lakes b ;

il n : angele; s by the 1939 swrvey.

(1)D I‘Rang(/ley Lake. July 10, Prook Trout (11) and If‘ines—gj"‘;lee}d Suck
X ‘ﬁrgeatl tm]ut,k 19 1]/% inches. T o

— Rangeley Lake. . B Tr 5

salimon, 33 578 oeie: o lgs)., 1110ZA Erook Trout (11) and salmon (7). Largest

F — Rangeley Lake. September 8. Trook Trout (2), salmon (1), Smelt (1)

Common Suckers (4), Fine- ; !
(salmon), 22 1/2 inéh)e,s, {;r}gss.cgl(e)(zis.buckers (5) and Fallfish (2). “Largest fish

PLATIC TIT

Gill net eatehes from the Rangeley lakes by the 1939 survey.

G — Rangeley Lake.  September 10, Brook Frout (1), salmon (1),
Brown Trout (1), Common Suckers (2), Fine-scaled Sucker (1), and Fall-
fish (4). Targest fish (salmon), 20 3/4 inches, 3 lbs. 13 ozs. The 20 3/4-
inch salmon had completed its sixth growing season, the 20 1/4-inch
Brook Trout had completed its fifth scason, and the 18 15/16-inch Brown
Trout had completed its fourth.

H — Kennebago Lake.  August 22, Brook Trout (37), salmon (2),
Brown Trout (1), and Smelt (16). Targest trout, 17 1/2 inches.

I — Kennebago Lake. August 21. Brook Trout (20). Largest trout,
18 7/8 inches.




PLATE 1V

Some common types of bottom food organisms, from trout stomachs
) and from bottom samples.
A— ]%urrmvmg Mayfly nymph; B — Dragonfly nymph; C— Midge larvae
D — Fresh-water shrimp; E-— Pill clams; and F — Snails (Amnicolidac)

’

PLATE V
Seales of Tand-locked Salmon (Salmo schago).

A — I'rom spawning run in Cold Stream Pond at Xnficld, Maine. November
11, 1936.  Adult female, 15 3/4 inches long. Three years old.  Growth history:
1-11.

B — [from spawning run in Cold Stream Pond. November 11, 1936.  Adult
female, 18 3/4 inches long.  Tour years old.  Growth history: 2-IL.

C — Irom spawning run in Cross Lake Thoroughfare at Guerette, Maine.
Octobor 30, 1936, Adult female, 22 inches long.  Iive years old. Growth his-
tory: 2-III.
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PLATIS VI
Seales of Land-locked Salmon (Saline sebago).

D — From spawning run in Cross Lake Thoroughfare at Guerette, Maine.
October 30, 1939, Adult female, 20 1/4 inches long.  1ive years old.  Growth
history: 1-IV.

E — TI'rom spawning run in Cross Lake Thoroughfare. November 13, 1938.

Adult male, 10 lbs. 4 ozs., 32 1/3 inches long.  Six years old. Growth history:
2-ITIS-I8.
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