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A BIOLOGICAL SURVEY OF LAKES ANDEIIQEI(;TDS
OF THE ANDROSCOGGIN AND KENN i
RIVER DRAINAGE SYSTEMS IN MAIN

Fish Survey Report No. 4
By Gerald P. Cooper
Assistant Professor of Zoology, University of Maine

INTRODUCTION

The 53 lakes and ponds which were studied by the 193:10 Il%ioorl;l)lﬂ();sé
istri t of Androscoggin an :
survey are distributed over mos . | omebee
i 3 s of Oxford, Franklin, an
counties and over small parts o ) kD, o Pt ok
i st portan
ounties. They include most of the larger and m -
;:mllai;es and p{)nds of the Little Androscoggin RlV(.)I‘ and A(IildrOS(;)ngd
girglr River drainages up to the Maine-Neﬁv IAIaItnp'séurgfbg)}in Kauergl,lebec
ds on the cast side
most of the larger lakes and pon : he lennobeo
i icini Madison and Embden Pond.
River north to the vicinity of mbden o ¢ ak
esc 53 lakes' make up a part of ‘the great co
(\;\fhgl}?ngtcnds from the Belgrade region southwest to the Sebago and

Kezar Lake arecas.

imately 59,000 acres.
' 53 lakes have a total area of approxima ( :
ThlIi‘sh (%Soetal arca includes most of the lake 31.°ea off th;a eI;’E(I:'le v;:é;lﬁgl
i v survey studied all of the larger bodies o water
Slbnl(éettgl(inillltll‘(;;yonly some of the smallm: ponds. This group ,;)f lak?)?
?s highly developed as a resort and fishing area. The 1mp§’r ancerdS |
fishing may be judged from the Fish and Game {)e;c)lartme;lr SO;'etlzglm
S ishing licenses. During the calendar ye i ,
of the sale of fishing hcwsc‘s Salandlar Yot faine. of
' ere 124,950 fishing licenses sold by the / ).
'\illfir:h vggr&l {or 239,)were sold by agentls gwﬁhln the. I?jl?d ;:ilcg(l)d;gg
t group of lakes. These 29,031 fishermen 1 ,
'(EIS ;;;’jinof z":;;he §0,630 Maine resident ﬁsher’rflen, an;i t8},1205()l e(ri)l; ]}1373}
' 1 fishermen. 0 mee
of the 44,320 all non-resident . cnand o
: : tocked heavily by the
these fishermen, the lakes have been s d heavily by the Stete
CGame Department. The fish populations o .
il:lljlbl rg’rcll?er ﬁlstable condition, partly because the arca is heavily fished

is often used to apply to both lakes and

 Throughout this report the term “lako s are the names most commonly

The names here used for individual lake

: “lake,” and
bt i The fact that one lake may be referred to as a lake,
”:(«‘:ll IE?; ;(;cgl ‘fgf)lggr}yshasﬂliltileasigniﬁcance with respect to differences in size of the
HY LNe y
hodies of water.
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and partly heenuse several foreign speeies of game fishes have been
introduced into the aren quite recently. The concentrated fishing,
the henvy stoeking, the considerable number of game species, and
the diversity of the lakes and ponds themselves, are all factors which
have afforded an excellent opportunity for the present biological sur-
vey to make a worth while contribution to the fishing in this region.
The peneral aims of the present survey may be summarized as fol-
lows: to obtain information on the physical characteristics of the
Inkes, the character of the water, the kinds and abundance of differ-
ent species of fish, and the present status of cach of the game species;
to determine, from such studies, the types of fishes which are best
suited for stocking in cach body of water; and to make
tions which would tend to improve the status of t}
lations and therefore to improve the fishing.

recommenda-
e game fish popu-

The field investigations of the 1940 survey were made by Messes.
Harry A. Goodwin, Gerald E. Spofford, Stanley P. Linscott, and Walter
P. Strang (all students in Wildlife Conservation at the University
of Maine), and the writer. This Slwvey was a continuation of the gen-
cral survey program started in the summer of 1937 by the Maine
Department of Inland Fisheries and Game cooperating with the Zool-
ogy Department of the University of Maine. Expenses of the field
survey were borne by the State Fish and Game Department; labora-
tory facilities were made available by the University. In the labora-
tory analyses of the extensive amount of data and sample material
obtained during the field survey, the writer has had much valuable
assistance from the following: Mr. Goodwin on qualitative and quan-
titative analyses of the plankton samples; Mr. Linscott on analyses
of bottom samples and contents of fish stomachs, and on the tabula-
tion of various data; and Mr. Strang on preparation of the maps
presented in this report. Much valuable assistance
were obtained in the field from several of the State
Wardens in their respective areas.

and information
Fish and Game

The field survey was conducted from June 15 to September 15,
1940. The procedure of this field survey was mostly the same as
used during the summers of 1938 and 1939, and described in the re-
spective reports.  This procedure is outlined very briefly at this time,
nid is deseribed more fully along with the results of each phase of the
survey which are given in the following sections of this report. Sound-
ingn of water depth were made on all of the lakes and ponds. The
vertienl distribution of temperature, oxygen, and pH (acid intensity)
winr detormined on each lake during the latter part of the summer.
'vom these data, ealeulations were made on the amount and propor-
tHon of water volume and bottom area of each body of water avail-
nhle to trout nnd salmon during the summer months. This phase of

10

is for classifying the lakes as to
woy work has afforded a basis
w g:l‘:.'.r ‘n i not they are best suited to be de}\lfel]([))ped as 511;(()};1;1 01;) fa(l)r&oer;
’ ; es for pere 55, pickerel,
(he one hand; or lakes for perch, bass,
‘ m;«;:"a:lvl'“wame fishes, on the other hand. An appmlsalr of tlﬁ:
N ,,.armlnvilrg capacity of each 1ak<f3 \zlas madp }Zy s&;ﬁg@ﬁgms e
‘gani the bottom food organisms. C
ihion organisms and the uisms. _ Colloctions of
i ‘ seines were made to determine prese
R Rt o ions anc as a basis for estimating
i the fish populations and to serve 1 .
hp’:h:'li\'v numbers of the different species present. Fish (jI)({)puliilcf?i
”Hluﬁlwt Ihased on survey collections, évcrc squpl(elmegniffi 1 p?)rnds -
hiai local Fish and Game Wardens
B e o : f * ach contents of all of the
[ sas.  Analyses of the stomac
e vhich, e h been made in order to deter-
pihes which were collected have be der -
¥ :?: ||I|':-il:- \l'ood habits; and some attempts have been maﬁlc to ﬁgﬁz
.ft {hene food habits with the amour}t of bottom foo‘ L ;‘;icd fm:
mpliv of scales from all of the game f‘lShOS have beerfl ;gase e for
::m we on age and growth, and a %artlffilt}slun%milx:gsoof ﬁsh .
«l.  An analysis has been made of the rec : :
Ivmh‘n;l:“'\mtél Tish and Gamc Department during ‘the pflbt seveiii
W‘ ua‘ ;)I; the basis of these studics, a new stockmghpw%rarl?,rec-
“:‘Iwr with other desirable methods o_f managcment, frasnczeto o
O‘nunmnlud for the lakes and ponds, with particular re c.re* ce fo tho
I.Nllnhiliw of the water in individual lakes for each slpgples a
wl‘mmu-u. to the composition of the present fish populations.

GENERAL CHARACTERISTICS OF LAKES

Physlcal and chemical characteristics. 'Lakis' Engl e}t})’ogglssp Igr;v;
in i : ical characteristics in whic
perinin physical and chen}lca : hich they ctisplay o
i > ormity, but lakes possess oth
vonniderable degree of uniformity, o O oo
is of which they may be classified in !
pulien on the basis of whie L th . . : difforens fypes.
¥ S ar articular importane
Cerinin of these nCh&laCteI‘lStlgb are of part - AP
imary consideration in the present fis ;
il wre thus of primary consi Jon I the Dreson B e
4l discussions of the general charac beristics o oon
L‘I'\":wll i(nlj)revious reports in the present sert(;s (Q(;Oprzétlig?g zz)r}du{n?n ogt.
' i sion 18 repeated here because the infor Is 5
T'he discussion 18 repeat_(_,d u e T ot o
{ance in interpreting the survey data, g rh, on
::'\:::;::tljxr’gule and chemistry of the water; a;ﬁd lbec:teuc?(il l‘ill;ebglfe‘;f}llcl)gh
‘ s ¢ s readily available due to the imi )
reports may not be rea o o e L e ohycical
i h more complete discuss f
) charastorst kes which affect fish life, the reader
‘ ‘hemical characteristics of lakes W <
::“;'lol('c:'(x"ed to the standard text on Limnology by Welch (1935)

t See “Literature cited,” on page 237.
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One of the more important characteristics of lakes from the stand-
point of fishes is the seasonal cyelic nature of the temperature and
chemistry of the water, which factors not only vary at different sea-
sons of the year but vary at different depths at each season. Seasonal
changes in temperature are very striking, and seasonal changes in
oxygen and pH are directly dependent upon, and in part the result
of, the seasonal temperature cycle. F urthermore, the scasonal cycle
of temperature, oxygen, and pIl, and their vertical distribution, are
primarily dependent upon the depth of the water, and secondarily
upon the area of the lake and the amount of wind and wave action.
The seasonal temperature cycle is dependent upon two factors: (1)
the maximum density of water occurs at a temperature of 4° C. (39°
F.), that is, a unit volume of water is heavier at 4° C. than at oither a
colder or warmer temperature; and (2) water in lakes is heated
mostly by contact with the air at the surface.

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

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

2. Spring overturn stage: Begins usually only a few days after the
ice disappears in the spring, and lasts only a fow days depend-
ing upon the amount of wind and the air temperature.  Water
temperature uniform from top to bottom and at or near 39° I
Wind action produces water currents which roll and mix the
water completely from top to bottom.

3. Summer stagnation stage: Commences immediately after the
spring overturn stage and continues as long as warm weather
lasts, usually into September. During this period the lake
water may be divided into three distinet depth regions on the
basis of temperature: (a) An upper layer, or epilimnion, in
which the water is quite uniformly warm; in large lakes this
layer extends down about 18 to 25 feet or more (the tempera-
ture at 20 feet would be perhaps 2 or 3 degrees colder than at
the surface); (b) a middle layer, the mesolimnion or thermocline,
extending from a depth of about 20 feet to 30 or 35 feet, through
which there is a very sharp drop in temperature with increase in
depth (for example: the temperature might be 76° F. at 20 feet,
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el BO° B at 35 feet); and (¢) a lower layer, or hypolzmmon,
extending from 30 or 35 feet to the bottom, through which the
drop in temperature is very slight compared. to depth .(for ex-
nmple: 50° F. at 35 feet, and 44° I. at 100 fqet). During this
summer stagnation period, the warmer vya,ter is on top because
il. in the lighter, and this difference in weight between the upper
winrm and deep cold water is very great. Summer wave acthn
and water currents tend to force the warm watpr down to mix
with the cold water below, while the greater weight of the cold
wnlor tends to work against this mixing. The warm water ex-
tends down farther as the summer progresses and the depth to
whieh it docs finally descend depends upon the strength of the
waves and of water currents, which in turn_depend upon the
nize and shape of the lake and the amount of wind action.

i Iall overturn stage: Commences after the lake water has cooled
down to 40° to 45° Y. in the fall and lasts for §evcral days to a
week or more (in October or November) depending upon weather
conditions of air temperature and wind. Water tempec’rapurc
uniform from top to bottom until the water cools to 39° I. or
slightly less. Water “rolls” and mixes from top to bottom due

to wind action.

The change from onc to another,.of thesg above stagfrs in lakzsf,tls
mostly quite gradual, due to the high sgecgﬁc heat of Water..f er
the ice disappears in the spring, the 32° 1% wa.ter at the surface 112
contact with warmer air begins to hca.t up. As it does so, it becomes
heavier and sinks to mix with and dlspl_ace the col_der waote(r belé)wf.}
This process continues until all the water in the lak(_a is at 39° I, anc ﬁt
its maximum density. Sinee there is then no difference in Welgh
between different layers of the water, a moderate wind can r'oll the
water from top to bottom. As the surface Water now coines in (;-30'11?—
tact with the warmer air, its temp(srr?,t_ure rises above 39° F. tan ‘ its
weight per unit volume decreases. 'This warmer wa‘p..er n(ilvs: :?,aylbn ((3);1
top, and continues to do so as the lgke warms up du11pg the .s(;xm ,,3,;
I'here is then the summer stagnation st_amge as .descrlbed un cr.‘
ahove. When the water begins to cool in the fall, the process 15 rlt{a—
versed.  The water, cooling at the surface, bec_omcs heamer an‘cli bﬁl ?
to displace the warmer water just below. . This continues unti aT }(l)a
the water is of a uniform temperature from top to bottom. e
wanler will then remain uniform in temperature from top to bottlom
until it cools to 39° F. Thercafter, as the surfage water cools b}? ow
39° I'., it becomes lighter than the warmer wat.er.]ust below ang.1 t leli?—
fore stays on top; this process continues until ice forms on the lake
and conditions are as deseribed under “1” above.
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Jhe. yeal ly eyele of dissolved oxygen, pH (“acidity”), and free car-
bon dioxide content of lake water, depends upon the temperature
eycle, and also upon other factors, namely:

« . ,
1. The inherent ability of cold water to contain more dissolved
oxygen than warm water.

R . . .

2. The production of oxygen in water by aquatic plants, and
le}rgcly by the plant plankton in most Maine lakes sinee the
higher plants are gencrally rare. '

3. The absorption of oxygen from the air by water at the surface.

. . . . . .
4. The liberation of carbon dioxide into the air by water at the
surface. )

5. The amount and rate of decomposition of organic mud on the
bottom and suspended in the deep water; this decomposition
at the bottom removes oxygen and produces carbon dioxide.

6. ']:‘he ‘removal of oxygen from water by both animal and plant
life, including bacteria.

N

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

Of 1',}1‘(‘, above factors, Nos. 1, 3, 4, and 5 are probably the most mpor-
tant in the changes of the chemical properties of lake water in most
Maine lakes. When water comes in contact with air at the swface
it rapidly becomes saturated with oxygen and rapidly loses most ol,'
its carbon dioxide. Thus, when lake water is being mixed ‘frmﬁ top
to bottom during the spring and fall overturn stages, the oxygen
content of the water from the suwiface to the bottom is high and the
carbon dioxide content is low. IFollowing the spring ()V(}I‘tl.;l'n, how;
ever, temperature stratification makes it impossible for the deeper
water to come in contact with the surface. Whether or not this deeper
water will retain enough oxygen for trout and salmon throughout the
summer, and not accumulate too much carbon dioxide, depend mostly
upon the amount of water in the hypolimnion and the rate of decom-
position of the bottom material. In a deep lake a moderate amount
of decomposition might not be very serious because of the presence
of a large amount of decp cold water; in a more shallow lake the
same amount of bottom decomposition might be sufficient to make all
of the deep water unsuitable for fishes.

.Upder natural conditions in lakes the oxygen content and carbon
d.10x1d? content tend to be complementary in their vertical distribu-
tion, since those processes which take up oxygen liberate a somewhat
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conresponding amount of carbon dioxide.  Thus, where the oxygen
vontent is high, the earbon dioxide is usually low; and vice versa.

Tesls made during the past four years on about 100 Maine lakes
linve indicated that most of the natural lakes in southern Maine are
more or less aeid, even the upper water in the epilimnion.  Summer
featn on the deep lakes have indictacd that the deep water during
ainmer is mueh more “acid” (a higher hydrogen-ion concentration)
fhini the upper water. This variation in vertical distribution of pH
yefleets the variation in vertical distribution of earbon dioxide; that
i, the deeper water is more acid due to the presence of more carbon
dinside produced by decomposition of bottom material and of or-
pinie material suspended in the hypolimnion.  Thus, comparative
pll tests are regarded, for most lakes of Maine, as a fairly good gen-
vinl index of the amount of carbon dioxide in the deeper water.

The depth to which warm surface water will be driven in lakes by
ihe end of the summer depends mostly upon the size and shape of the
he and upon the amount of wind and wave action. The warm water
will be driven down to about the same depth in large lakes, whether
they are shallow or deep.  This makes the factor of depth in large
Inkes 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 watber is driven down to a greater depth in large lakes than in
amall ones, and this makes the size of the lake and the amount of pro-
fection 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 deter-
mining how deep the warm water will be driven during the summer
time and, therefore, how far down the trout and salmon will have to
o to find a suitable temperature.  Considerable information on this
relationship between the size of a lake and the depth to which the
upper uniform layer of warm water (epilimnion) will extend by Au-
pust in Maine lakes has been obtained from the surveys during the
past three summers.  Such information was summarized (Cooper,
1939b) for 29 lakes and ponds of the upper Saco River and Sebago
lake drainage systems in Maine, on the depth to which the upper
wurm-~water laver extended by late summer, as follows:

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

18.7 fect 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.



From our study of the Rangeley Lakes in 1939 (Cooper, 1940) it was
found that this upper warm-water layer extended down to depths of:
30 feet in 3 lakes of 1,700, 4,200, and 6,700 acres.
35 feet in 3 lakes of 2,900, 6,000, and 16,300 acres.

From the present study of 53 lakes and ponds in the Androscoggin
and Kennebec River drainages, it was estimated that during late
summer the warm (70° F.) water of the cpilimnion extended down to
various depths in the different lakes, and these depths were definitely
correlated with the size of the lake. The depths to which the warm-
water layer extended in the lakes of this area were as follows:

17.3 feet in ponds of 107 to 500 acres in arca (average for 24 ponds).

To the bottom at maximum depths of 22, 27, and 28 feet in 3 ponds of 366, 385
and 486 acres. ’ ’

21.4 feet in ponds of 501 to 1,000 acres (average for 8 ponds).

To the bottom at a maximum depth of 20 feet in one pond of 587 acres.

23.4 feet in ponds of 1,001 to 2,000 acres (average for 7 ponds).

To the bottom at maximum depths of 19 and 27 feet in 2 ponds of 1,705 and
1,787 acres. ’

25.5 feet in ponds of 2,001 to 3,000 acres (average for 2 ponds).

To the bottom at a maximum depth of 20 feet in one pond of 2,115 acres.

30 feet in one pond of 3,510 acres.

To the bottom at a maximum depth of 38 feet in one pond of 3,826 acres.

25 feet in one pond of 4,426 acres.

23 feet in one pond of 5,543 acres.

33 feet in one pond of 8,239 acres.

These above figures on the depth to which the uniform warm-water
layer extends in lakes of various sizes apply to late summer, mostly
about the middle of August. At earlier dates the depths would be
less, whercas later on in the season the uniform upper layer would ex-
tend to greater depths; but after late summer the temperature of the
water in this upper uniform layer tends to be cooler. There comes a
time during early fall, while this upper layer is cooling and also being
extended dceper into each lake, when cold-water fishes find the tem-
perature of this upper uniform layer very favorable and thus are free
to rise to the surface. A similar condition exists in the spring, but
the direction of the temperature change is just the opposite from that
in the fall. This uniform upper layer of water is continually circulat-
Ing, coming in contact with air at the surface, and thercfore maintains
a high oxygen content. When this upper layer is cool cnough for
f:old-water fishes, there is, in general, no danger of these fishes suffer-
ing from lack of oxygen. Oxygen deficiency usually occurs, if at all,
in the deep-water layer which is not circulating in contact with air
at the surface. Thus, temperature and the related oxygen content of
the deep water are important limiting factors for salmonid fishes only
when the upper warm-water layer is too warm for them.
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The depths of warm-water penetration in lakes may be of interest
fo fishermen in indieating suitable depths for fishing by trolling during
wimsmer months.  Their primary value in connection with the survey,
however, is that they indicate how deep lakes of various sizes
mantd. be in order to have cold water during that part of the summer
when the upper water layer is too warm for salmonids. A small
winennt of this deep cold water, whether distributed evenly in a thin
Inyer over the bottom of the lake or concentrated in a small depres-
mon, 1 apparently not enough to produce a good trout or salmon
Inke  'Those lakes and ponds in Maine, which have been studied by
the nurvey and have been found to be best adapted from the stand-
point. of the water supply for trout or salmon, have more water vol-
smie and more bottom area below the thermocline than above it. In
peneral, as the proportion of the amount of water in the deep layer to
thal in the surface layer decreases, the value of the lake for salmonid
lithes decreases.  If a lake is shallow to the point where only a small
volume of water remains in the deep zone or hypolimnion, this small
vescervoir of cold water is heated during the summer time by the cir-
culating warm water above; and this cold water may be mostly, if
not, entirely, climinated by the effect of this contact and counter cir-
culation.  Thus, warm water may extend somewhat farther down
(nndd to the bottom) in a shallow lake than in a deep lake of the same
nren and surface disturbance, because the deeper lake has a larger
reservoir of deep cold water to maintain temperature stratification.

The factor of dissolved oxygen in the water, which is, along with
temperature, of primary importance to salmonid fishes, has its effect
superimposed upon that of temperature. Oxygen deficiency works
up from the bottom, as temperature increase extends downward from
the surface. The amount of organiec decomposition and the resultant
removal of oxygen depend upon the amount of organic material in
the lake. The cffect of this decomposition and oxygen removal de-
pends mostly upon the amount of this loss, but also to a considerable
extent upon the volume of the isolated deep-water layer through
which this loss of oxygen is distributed. Thus a uniformly decp lake
has a larger reservoir of cold water to absorb this oxygen depletion.
in a morc shallow lake the same amount of oxygen depletion may
have an adverse effect upon the entire cold-water layer. Thus the
factors affecting oxygen depletion in lakes are: (1) the type of lake
wilth respect to the distribution of depth according to area, and (2)
the amount of organic decomposition of mud and organic material
suspended in the deep water.  The ratio of size of the lake to its depth
i important to the oxygen content only indirectly, in that it deter-
mines the amount of the deep water; if the amount of deep cold water
is large, then a large amount of decomposition of the bottom mud
might still not be sufficient to remove all of the oxygen, and there
might still remain some suitable trout and salmon water. One fact
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of particular interest at this point is that temperature, oxygen con-
tent, and pH content of water in lakes (except during spells of very
windy weather) are quite uniformly stratified; that is, temperature,
oxygen, and pH are cach 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 ponds change from
year to year only in proportion to the rate at which bottom material
accumulates in the basin of the lake.

From the geologist’s point of view, all lakes are in the process of
rapid extinetion because the lake basins are being filled with eroded
soil and organic materials from aquatic plants and animals. In deep
and relatively unproductive lakes with little plant life, this process
of filling in is, by ordinary standards of time, extremely slow; but in
the final stages in very shallow lakes, the process is much more rapid.
Fortunately most of Maine’s good trout and salmon lakes are of the
former type, and arc changing very little from year to year. Prob-
ably such bodies of water as Sebago Lake, the Rangeley lakes, and
Auburn Lake, have not changed appreciably in their physical and
chemical properties for the past several hundred years or much longer.
Probably, also, such bodies of water will not change much for cen-
turies to come, assuming that no large amount of organic pollution
will enter the lakes. The data on temperature, oxygen, and pll,
obtained during the 1940 survey, should be applicable to these lakes
for many years in the future; and the lakes, which are now good
trout waters from the standpoints of temperature and oxygen, will
probably continue to be so for centuries. The fish populations in
lakes, on the other hand, are subject to much more rapid changes,
especially when new species are introduced. A continual knowledge
of these changes in cach lake is necessary for efficient fisheries man-
agement,

Classification of lakes. HKuropean limnologists have eclassified
lakes?® according to their physical, chemical, and biological character-
1stics into three types: oligotrophic, eutrophic, and dystrophic. Some
of the important characteristies of these three types of lakes are as
follows:

Oligotrophic lakes
Relatively large amount of deep cold water.
Water blue to green and very transparent.

Little or no organic material on the bottom in decp water.
Oxygen content high at all depths and at all scasons.

8 See Welch: 1935. Limmology, pp. 310-315.
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Nundie planis rare.

Basie fertility: low in plankton, fairly rich in bottom food or-
NSNS,

[veellent Tor trouts and salmons and other “cold-water” fishes.

utrophie lakes

Lake shallow with relatively small amount of deep cold water.

Water green to yellow or brownish green and not very transparent.

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

Little or no oxygen in decp water during the summer.

Aquatic plants abundant.

Basic fertility: very rich in both plankton and bottom food
oTganisms.

Usually not good trout or salmon water.

Dystrophic lakes

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

Water yellow to brown and with low transparency.

Large quantity of organi¢ mud on the bottom.

Little or no oxygen in deep water during the summer.

Aquatic plants rare.

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

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

All of the good salmon lakes, and most, if not all, of the b(;atter trout
lakes, in Maine, which have been studied by the survey sinee 1937,
resemble the oligolrophic type in that they (a) are deep with more
water in the hypolimnion than in the epilimnion, (b) have Wh.lte. (as
opposed to brown) and transparent water, (¢) have relatively ht.tle
organic material on the bottom in deep water, (d) have high
content of dissolved oxygen in the water at all depths during t:,he
aummer, and (e) have scanty aquatic vegetation. The lakes in Maine
ol this type are referred to as the best trout and salmon lakes, since
these lakes are the ones in which the survey netting has taken the
greatest numbers of salmon and trout, and since these lakes are the
ones which have the reputation of affording the best salmon fmd
trout fishing. These better trout and salmon lakes of Maine dlff?i‘
rom the oligotrophic type of lake as characterized by Welch (1935)
principally in that most of them have a scanty bottom fauna.
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Some of the lakes and ponds studied by the survey in Maine are
not good trout or salmon waters. These lakes are, in general, of the
type which are more shallow, have less water in the hypolimnion than
in the epilimnion, have considerable oxygen depletion in the decper
water, and have scanty aquatic vegetation. Many have brown
water, are low in plankton, have considerable organic material on
the bottom, and, in these respeets, resemble the dystrophic type as
characterized above. Most of these lakes have only a few hundred
bottom organisms per squarc meter, thus resembling the dystrophic
type; while only a few have the bottom fauna quantitatively ap-
proaching that characteristic of eutrophic lakes. Many represent
borderline types which are in the process of transition from an eoligo-
trophic type of lake to something with characteristies of both eutrophic
and dysirophic lakes. These are lakes of moderate depths, with less
water in the hypolimnion, and with a considerable oxygen deficiency,
but with “white” water unlike the dystrophic type, and with low fer-
tility unlike the eutrophic type. Thus, while the oligotrophic type of
lake is quite readily recognizable among Maine lakes, most of the ad-
ditional lakes seem to be more like the dystrophic type but have some
features not unlike the eutrophic type. Our study of Maine lakes has
not, however, been critical enough for a detailed attempt at classifi-
cation. Much more data would be necessary, particularly on the
chemistry of the water. It is possible, however, to classify them on
the basis of depth, temperature, and oxygen content of the water into
an oligotrophic type which is well suited for trout and salmon, and a
sceond type which is not well suited for these fish and may be cither
shallow and warm or may be fairly deep but with considerable oxygen
deficiency in this deep water.  Apparently, there is also an advanced
stage of the oligotrophic type of lake representing marginal trout and
salmon water and being characterized by partial oxygen deficiency in
the decper water.

REQUIREMENTS OF TROUT, SALMON, AND
OTHER GAME FISHES

This present scction on the requirements of some of the common
game fishes in Maine has been extracted with slight alterations from
Survey Report No. 2 (Cooper, 1939b) for the benefit of fishermen who
might find this bulletin usclul, because a knowledge of the require-
ments of the different species of game fishes is of fundamental impor-
tance in evaluating the survey data given in the following sections of
this report, and because this previous publication is no longer avail-
able.

The development of a scientific stocking policy must of necessity
consider the requirements of the food and game species concerned.
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Thorne hnsie requirements of individual species naturally vary some-
whit in different parts of the country, as, for example, the require-

menta of the Brook Trout in Maine waters are probably somewhat
dilferent from those of Brook Trout in states farther south and west.
I'hie requirements of our game species are not completely known by

iy means; however, many of the basic requirements are understood
in n general way and these may be summarized (based largely on the
Iiternture; to some extent on survey results) for some of the more
imimportant fish species in southern Maine as follows:

land-locked Salmon or Lake Salmon, Brook Trout, Brown
I''out and Rainbow Trout. (These species arc here considered as a
unil, since most of their requirements are very similar.) The require-
ments of trout and salmon are much the same in lakes and ponds as
i streams.  The most important of these requirements arc:

1. Cold water: at least below 75° Ifahrenheit, 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; reeent studies on
Quimby Pond necar Rangeley, and reports by Game Wardens
from the northern part of Maine substantiate this statement.
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 cannot tolerate the
competition of the warm-water species which live mostly in the
upper water. The maximum temperature limit of 70° 17 is,
therefore, tentatively set for those lakes of the southern part of
Majine where warm-water game fishes are present.

2. Ozxygen: at least b p.p.m. (parts per million) 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
indicate 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 at 5 p.p.m. or
4 p.p.m., beecause, 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 inlensity): of approximately 5.0 to 9.0 for trout, best
above 6 for salmon. Trouts can tolerate much more acid water
than many other game fishes. However, a low pH in deep water
reflects low oxygen and high carbon dioxide which trout and
salmon cannot tolerate.
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4. A.dequ_ate food supply: Trout and salmon up to a length of about
cight inches feed mostly on inscets. These must be mostly bot-

tom insects when trout and salmon are confined to the deep’

water during the summer months.  Thus, the amount of bot-
tom area available to these fish, and the abundance 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 abundant in deep water during the
sumumer. Thus the Smelt is an absolute necessity to the pro-
duetion of large Land-locked Salmon* and is probably also im-
portant to large Brook Trout and Togue (Lake Trout).

5. Spawning grownds: Brook Trout and salmon are inherently
stream spawners.  (Possibly they do spawn in lakes under cer-
tain conditions, but this oceurs 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. However, there are many lakes which lack trout-
stream tributaries but which are good enough as trout lakes to
justify continued yearly stocking with the realization that fish-
ing will harvest only the stocked fish.

6. Stream habitats: Young Brook Trout and salmon (also Browns
and Rainbows, not Togue) normally live in strcams for two
years or more and until they reach a length of at least six to cight
inches. It is biologically unsound to plant trout and salmon
fry (not Togue) in lakes and ponds. Fry 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.

Togue or Lake Trout. Most of the requirements of Togue are simi-
lar to those of trouts and salmons but there are some important differ-
ences. The Togue is preeminently a deep-water species and is seldom
if ever found in lakes less than 50 feet deep. They usually live in
lakes at a depth of over 60 to 80 feet except during the spawning sea-
son or when the surface water is very cold. At a depth of 60 fect or
more in Maine lakes the water temperature is invariably below 60° 1.
and usually less than 55 or 50° . at all scasons; thus the Togue lives,
and presumably prefers to do so, in colder water than do other trouts
and salmons.

4 Kendall, W. C.: 1935. The fishes of New England. The Salmon family. Part
2.—1 The Salmons. Memoirs Boston Society Natural History, Vol. 9, No. 1, see
p. 146.
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The oxyveen and pH requirements of Togue are presumably some-
whit similar to those of other trouts — at least 5 p.p.m. of oxygen
wiil n ptl preferably between 6.0 and 8.0. The deep water in most
Muine lakes probably rarely, if ever, becomes alkaline, that 1s, with a
pll nbove 7.0 The food of the adult Togue is chicfly fish, although
they have been accredited with eating a great variety of different
types of foods. Togue oceur in lakes of southern Maine mostly if not
entirely in lakes which have smelts, and smelts are known to be their
vhief food. The food of the young is not known, although it is pre-
simably mostly inscets.  Togue are unlike most other trouts and
salmons in that they normally spawn in lakes on gravel and in shallow
waler.  Also, presumably, the young go to deep water shortly after
they hateh, for extensive seining in shallow water of Takes in the sum-
mer time has never (to the writer’s knowledge) produced any young
Togue.

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
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 present survey, it is believed that their oxygen require-
ment is similar to that of trouts and salmon, presumably at least 5
p.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 feed largely on plankton or micro-organisms in the water.

Smelt spawning oceurs mostly in streams; however, smelts are
known to spawn normally in some lakes, as for instance Lake Cham-
plain on the New York-Vermont line.  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 carlier than the smaller one.  The eggs are adhesive and
are stuck on sticks and stones on gravel or rubble bottom.

Chinook Salmon. This species has been introduced into Maine
from the streams on the Pacific Coast of North America where it is
native. 1ts temperature and oxygen requirements are presumably
similar to those of our native salmon. Adult Chinooks feed mostly
on fishes; the young feed on insects. All evidence available thus far
indicates that the Chinook Salmon in Maine lakes would compete
direetly with our native salmon for food. However, the stocking of
(‘hinooks in some Maine lakes appears to have one distinet advan-
tnge in that it preys more readily on young warm-water game fishes
such as the White Perch and Yellow Perch. The Chinook has thrived
well in some Maine lakes where the warm-water game fishes have
erowded out the native salmon.
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On the west coast the Chinook runs up from the ocean to spawn in
streams and, like our native sea salmon, the young stay in streams
for a period of 1 or 2 years after which they return to the ocean to
make most of their growth. They then come back as 4- or 5-ycar-old
fish to the streams to spawn. In all of the species of salmons native
to the west coast of the United States, all of the adults die after their
first spawning. Other fisheries investigators have expressed the belief
that their introduction into the waters of Maine would never result
in the permanent establishment of the species. However, there is
some indication that the species might become established eventually
in some Maine localities. Chinook Salmon have been planted in a
considerable number of Maine lakes during the last few years, and
many of these planted fish have grown to maturity while confined
entirely to fresh water. Cobbosscecontee Take near Augusta might
be cited as an example. During the first part of October, 1937, about
100 adult Chinooks migrated down out of Cobbosseccontee Lake for
about onc-fourth mile into the outlet where they were stopped by a
permanent screen. On October 15 the writer observed sceveral adult
females digging their nests in a gravel bottom in about four feet of
water, and dissection of 8 dead adult female Chinooks found at this
same locality indicated that all of them had recently dropped their
cgegs. A few unspawned eggs in each of the females indicated that
they had been able to develop normal-sized eggs while being con-
fined to this fresh-water lake.

Warm-water Game Fishes. The four species of warm-water game
fishes most important in Maine are the White Perch, Small-mouthed
Bass, Common Pickerel, and Yellow Perch.  These species do not
require cold water but rather they apparently require warm water
to make their best growth, and the bass, at least, requires relatively
warm water in order to spawn. Therefore these speeies presumably
could live in practically all lakes of the state in which they might be
introduced. The water in Maine lakes probably never becomes so
hot as to be detrimental to any of them; in fact Pickcrel probably
relish the warmest waters in Maine. On the other hand, there is some
evidence that large bass and large White Perch spend at least part of
their time in deep cold waters during the hot part of the summer, but
the young of these same species live in the warm surface water during
the entire summer. The oxygen requirements of these warm-water
game species arc probably somewhat less than the requirements of
trout and salmon, but oxygen deficiency is rarcly, if ever, an impor-
tant factor to these warm-water species since the upper warm water
of lakes is practically always saturated with oxygen during the entire
period when the lake is free of ice. In other requirements these warm-
water game species differ considerably.
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White Perch. White Perch become abundant in a great variety of
dilferent types of lakes, and they seem to become just as abundant
in deep and cold trout lakes as they do in warm and shallow lakes
(however, among the lakes of the present 1940 survey, our gill net
records indicated that the White Perch might be more abundant in
whnllow lakes). The food of the White Perch consists mostly of bot-
loni inscets and small fishes, including the Smelt. They also feed to
none oxtent on plankton erustaceans. Spawning habits of the White
I'ereh are largely unknown to the writer. The spawning season oc-
vurs in May and June in some localitics, and there are large spawning
runs in the major inlet and outlet streams of some lakes. Since perch
nlio oceur abundantly in ponds which have no tributary streams at
ull, it is assumed that they also spawn in lakes to a considcrable ex-
tent. Reports by several Iish and Game Wardens and by local fish-
ermen indicate that the White Perch drops its eggs on gravel bottom
in shallow water.

Small-mouthed Black Bass. Bass do best in fairly deep, cold lakes
with little vegetation, rocky shorelines, and gravel or rubble shoals.
Its food is mostly fish, erayfish when available (crayfish are gencrally
rare in Maine), and inscets; large bass feed mostly on fish.

Bass spawn on gravel shoals mostly in from 2 to 4 feet of water.
The spawning scason occurs in the early part of the summer and
mostly in June in Maine. Tt has been found that bass require a water
lemperature above about 65° . for spawning. The male guards the
nest of eggs and fry, and if the male is caught off the nest and the eggs
are left unguarded they are usually destroyed.

Common Pickerel. The Pickerel is found in a variety of lakes,
both shallow and deep, but the specics is best adapted to shallow,
weedy lakes with mud bottom. Its food is almost entircly fish after
it reaches a length of about 8 to 10 inches, and even small pickerel
less than 5 inches long will feed on fish to some extent. The Pickerel
eats mostly warm-water minnows and the young of warm-water game
fishes in shallow water, but we have evidence of larger pickerel in
deep waters feeding on young salmon. Pickerel spawn carly in the
spring, mostly in May in Maine, in shallow, weedy areas of lakes or
in similar places in quict tributary streams.

Yellow Perch. The Yellow Perch is best adapted to weedy lakes
where the young occur mostly in shallow water, but the adults are to
he found in deeper waters particularly in the summer time. Its food
is largely bottom insects, small fish, and plankton crustaceans. The
Yellow Perch spawns in the early spring, probably during May in
Maine. It lays a string of eggs embedded in a jelly-like ribbon
which it drapes over vegetation and sticks.
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GENERAL DESCRIPTION OF THESE LAKES AND
PONDS OF THE ANDROSCOGGIN AND
KENNEBEC RIVER DRAINAGES

The 53 lakes considered in this report are distributed over an area
of about 3,500 squarc miles of southwestern Maine. Most of these
lakes, however, are confined to an area of about onc-half this size,
extending from the Belgrade Chain southwest to Thompson Lake.
The whole arca containing these 53 lakes and ponds involves all of
Androscoggin and Kennebee counties and the southern parts of Ox-
ford, Franklin, and Somersct counties; a very small part of Cumber-
land County is included in Thompson Lake. Of these 53 lakes, 29
are in the Androscoggin River drainage and 24 in the Kenncbec.
(See map attached to the inside of the back cover of this report.)
FFurther detailed information on pond numbers, locations, elevations,
arcas, and maximum depths, for these 53 bodies of water, is given
in Table T and further explained and summarized in the following
paragraphs.

A pond number has been ascribed to each lake. This has been
done to avoid errors of identification of a given lake, especially for
those lakes and ponds with names which are commonly duplicated,
as, for example, South, North, and Long. This numbering system
has been described in Survey Report No. 1 (Cooper, 1939a). It should
be sufficient to point out at this time that the ponds are numbered
in sequence according to drainage systems and in sequence relating
to the tributary streams, starting from the mouth of each drainage
system. Ifach pond has a separate number, so that the pond number
can be used as positive identification to supplement the name of the
pond.

The majority of these lakes are at a low clevation due to the fact
that they are located in the lower parts of the Androscoggin and Ken-
nebec drainage systems. Torty of the 53 bodies of water are at ele-
vations of between 100 and 400 feet above sea level. Garland Pond
in Byron is the highest at an clevation of 1,141 feet above sea level;
the nearby Silver Lake is next in altitude at 896 feet. The four ponds
at Locke’s Mills are next in altitude at 694 to 763 feet. Webb Lake
is 678 feet above sea level.  All figures on clevation, as given in Table
I, are taken direetly from the United States Geological Survey Top-
ographic Shects.

The areas of these lakes have been ealeulated for the present survey
studies by using a planimeter on the lake outlines as given on the
United States Geological Survey Topographic Sheets. Our figures
on areas are assumed to be only approximately accurate, and may

26

well differ from acreage figures obtained by local surveys of individ-
unl Dhodies of water. The present figures should not be quoted with-
oul this reservation. These arca figures are, however, sufficiently
avcurnte for the use made of them for the present study of the suita-
hility of the water for trout and salmon and for the present recom-
mendations for stocking various game species.  The 53 lakes have a
combined area which we caleulated to be 59,432 acres.  The largest
mdividual lakes are Great Pond of the Belgrades with 8,239 acres,
 ‘ohbosseccontee Lake with 5,543 acres, Thompson Lake with 4,426
neres, Androscogein Lake with 3,826 acres, and Snow Pond with 3,510
neres. Together these 5 Takes total 25,544 acres, or 43 per cent of the
(otal acreage of the entire 53 lakes and ponds.  In addifion, 12 others
ol the lakes arc over 1,000 acres in area.

The maximum depth of any lake or pond is a matter of consider-
able interest to the local people, and is also the source of much con-
troversy. While the extreme depth of a very restricted arca of a !zzk(\,
may be of considerable interest purely from the standpoint of faet,
it is not of any great importance from the standpoint of the survey.
A considerable depth of water is espeeially important, however, from
Lhe standpoint of the survey, if it involves a considerable percentage
of the entire area of the lake. The depth soundings made by th.(‘
survey were adequate to reveal the general trend in depth with suf-
licient accuracy for the evaluation of the water for trout and salmon.
Many of the maximum depths found by these soundings, however,
are probably not the real maximum depths of these bodies of \\':Lt(él'.
It is, in fact, quite possible that in a few lakes the actual maximum
depth is considerably greater than our figures indicate; but in most
lakes the maximum depths probably would not exceed the present
figures by more than a fow feet. Furthermore, areas of greater depth
are probably very limited in their size as compared to the whole
lake, and are thus of little general importance. Also, since oxygen
deficiency does occur in the deep water of many of the lakes, any (l(e'o,p’
water missed by the survey would not greatly alter our evaluation of
the lakes for trout and salmon.

Most of the lakes are deep enough (over 18 to 30 feet) to maintain
thermocline stratification during the summer, and only 8 arc so shal-
low that warm water extends to the bottom during the summer. The
greatest depth of water, i.e., 158 feet, was found in limbden Pond.
Other notably decp lakes were Clearwater Pond with 120 feet of
water, Maranacook Lake with 118 feet, Snow Pond with 113 feet,
Auburn Lake with 112 feet, Echo Lake with 111 feet, Thompson Lake
with 109 feet, Narrows Pond (south part) with 105 feet, and Cob-
hosseecontee Lake with 100 feet. An additional 14 lakes and ponds
were found to be over 50 feet deep. Several of these deep lakes have
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TABLE 1. The locations, elevations, and areas,

dissolved oxygen, for

the lakes and ponds of the 1940 survey

and a partial summary of data on depth, temperature, and

. Depth in feet above Depth in feet above
Elevation®* Date of gfaxtxﬁmux? which tempera.t;lre in which oXygen more
Name of Pond Pon}gi* Township and county, or county | above ses Areg k% an:l;sgs egondoz exees 'Of 0 r. - than ; pem
number level: feet acres (1940) feet During most During most
eritical sum- critical sum-
As of mer period As of | mer period
analyses |(estimated) |analyses | (estimated)
Sabattus Pond 389 Greene, Wales, and Webst J .
s, &n Countyer 243 1,787 June 21 19 Surface Bottom Bottom Bottom
Taylor Pond 392 Auburn in Androscoggin 239 625 Aug. 22 44 17 18 22 20
Lower-Range Pond 398 Poland in Androscoggin 304 290 ~A—ug 21 41 16 17 hég__- u 22 o
Middle Range Pond 400 Poland in Androscoggin 305 366 Aug. 10 66 16 18 60 Bottom
e N (bottom)
Upper Range Pond 401 Poland in Androscoggin and 305 5 T m
- New Gloucester in Cumberland ? 801 Aue. 10 a8 13 1 (b0t3-toom) Bottom
Hogan Pond 403 Oxford in Oxford 301 177 Aug. 21 34 10 14 14 14
Whitney Pond 404 |Oxford in Oxford o 301 170 | Aug. 21 24 16 18 20 Bott
: om
S R B (bottom)
Tripp Pond 408 Poland in Androscoggin 306 732 Aug. 9 32 17 17 T 15 15
. a2
Thompson Lake 409 Cumberland, Oxford, and ~3‘%' 126 | A R
1, Oxford, 2 4,42 . : 5
~ Androscoggin counties ° o Aug. 20 109 (avgrzage) 28 (bo?t(z)m) Bottom
Pennesseewassee Lake 416 Norway in Oxford 398 922 Aug. 20 —4—7&- 22 20 { 30 B 27
Twitchell Pond 425 Greenwood in Oxford 763 138 Sept. 5 h;; Surface 20 ] 29 29
Bryant Pond or Wood c and ( - : B
Lt Pond of ke 27 iono Os;?gkdand Greenwood 694 278 Sept. 4 60 Surface 20 ‘ 25 235
Auburn Lake 428 Auburn in Androscoggin 259 2,260 Aug. 22 112 26 26 ‘ 110 Bottom B
(bottom)

Allzm Pond 437 Greene in Androscoggin 312 %3 +7 it z
-— |
Pleasant Pond 443 Turner in Androscoggin 383 177 Aug. 17 68 17 13 Z 5
Androseoggin Lake 464 Wayne in Kennebec and 269 3,826 Aug, 26 38 Surface Bottom 30 Botrom
Leeds in Androscoggin {bottom)
Pocasset Lake 466 Wayne in Kennebec 1 284 587 Aug. 26 20 Surface Bottom 17 Bottom
i (bottom)
Lovejoy Pond 470 Fayvette, Readfield, and 301 366 B Aug. 26 22 Burface Bottom 17 Bottom
Wayne in Kennebec (bottom)
Echo Lake or 472 Fayvette, Mount Vernon, and 318 1,061 Aug. 24 111 16 16 53 53
Crotched Pond Readfield in Kennebec
Parker Pond 474 Fayette and Vienna in 358 1,610 Aug. 23 72 23 23 33 30
Kennebee
David Pond 476 Fayette in Kennebec 393 284 Aug, 28 37 Surface 20 17 17
Tilton Pond ) 478 Fayette in Kennebec 403 114 Aug. 28 44 Surface 13 13 13
Flying Pond T 481 Vienna and Mount Vernon 335 360 Aug. 23 80 12 15 55 35
in Kennebec
‘Worthley Pond 499 Peru in Oxford 571 354 Sept. 6 49 Surface 20 36 36
Webb Lake 503 Weld in Franklin 678 2,146 Sept. 11 42 Surface 25 32 28
Silver Lake or Big Ellis 515 Roxhury and Byron in Oxford 814 896 Sept. 9 43 Surface 25 40 Bottom
Pond or Roxbury Pond (bottom)
Garland or
Little Bllis Pond 516 Byron in Oxford 1,141 297 Sept. 9 41 Surface 20 29 29
North Pond 521 Woodstock and Greenwood in Oxford 719 284 Sept, 5 37 Surface 22 22 22
South Pond 522 Greenwood in Oxford 719 284 Sept, 4 71 Surface 20 60 Bottom
N (bottom)
Purgatory or Woodbury
Pond of Tacoma Lakes 659 Litchfield in Kennebec 172 436 Aug. 26 62 Surface 20 22 20
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TABLE I. The locations, elevations, and areas, and a partial summary of data on depth, temperature, and dissolved
oxygen, for the lakes and ponds of the 1940 survey — Concluded

t

f

I Depth i

| . Depth in feet above n feet above
El Cion Date of ;_\Iaixun}llml which temperature in which oxygen more
; . ) . evation Jate o b ) XOORS 70°T. an d
Name of pond Pond® | Township and county. or county above sea |Areg;#kik a,lflal(y-;es ] ()} E]\)]::nd: ~~~~~ P :\(—‘(jj—()f 7ot - than 5 p-p.m. -
nunmber | level: feet acres (1940) f fect During most II)uring most
i | leritical sum- jeritical sum-
i As of | mer period | As of | mer period
— e ! analyses i(estimated) rses | (estimated)
= eSS SEERRE = = P - ——
Sand Pond ]
of Tacoma Lakes 660 Monmouth and Litchfield 172%%% 177 Aug. 26 82 Surface i 18 63 63
in Rennebee i N ' ;
Cobbosseecontee Lake or 668 Kennebec County a4 - P _—#Hiﬁ'." | 2 5
Sopmseecontec 1 3 168 5,543 Aug. 8 100 21 { 23 28 26
Annabessacook Lake 671 Monmouth and Winthrep - 171 1,420 Aug. 27 49 B Surface o 28 '%ST— N E(Thi
in Kennebec } [ - o -
Cochnewagan Pond 672 Monmouth in Kennebec 271 B dg;‘ Aug. i6~‘ 28 2] ] Bottom N 24 Bottomn -
- . o 5 (bottom)
Wilson Pond 673 Monmouth, Wayne, and 242 574 Aug. 23 42 B .27()“‘ 22 22 _;TZ
Winthrop in Kennebe¢ - - -
| T e - —
Dexter Pond 674 Wayne and Winthrop 242 120 Aug. 23 25 { 11 ] 12 12 12
| in Kennebec i | B B B
Berry Pond 675 Wayne and Winthrop “f 242 1 A 23 25 fj—“ 2 ; ‘ - 5 3
ayne and Wi : ‘ 70 Aug. 25 { 12 ! 12 i 16 15
——— ! [ [ N
Maranacook Lake 676 Readfield and Winthrop 212 Lo1,673 Aug. 27 118 i Surface ! i Bottom Botton
in Keunebec : T ‘ [ | '
; o B — N ] —_ | -
Torsey or Greeley Pond 678 Mount Vernon and Readfield i 290 i 770 Aug. 24 45 13 ! 20 ! 18 | 18
in Kennebec | - | - i
~ i . _ _ : i
Narrows Pond | ' ! | | -
South Part 681 Winthrop in Kennebec ' 17 5%%% \ 278 Aug. 29 105 Surface | 17 ‘ 95 95
North Part 682 Winthrop in Kennebec i 17 5 j 259 B _Aug 29 36 3 17 | 38 38

Snow Pond or 698 Belgrade, Sidney, and Oakland f 232 | 3,310 Aug. 22 113 30 30 30 B
Messalonskee Lake in Kennebec i : f
Long Pond of Belgrade - | | 5 |
Lakes i
South Part 712 Mount Vernon and Belgrade 238 1.376 ! Aug. 22 a7 23 23 Bottom 80
in Kennebec | ,'
North Part B 713 Rome and Belgrade in Kennebec 238 ‘ 1.338 ! Aug. 22 60 26 26 33 33
Great Pond of Belgrade | 719 Rome and Belgrade in Kennebec 247 ’ §.239 Aug. 21 69 33 | 33 33 33
Lakes |
j —
— H i
North Pond of Belgrade 720 Mercer and Smithfield in 250 l 2,115 Aug. 22 20 17 Bottom 17 Bottom
Lakes Somerset and Rome in Kennebec (bottom) (bottom)
East Pond of Belgrade - 724 Smithfield in Somerset and 237 1,705 Aug. 22 X 27 25 Bottom Bottom Bottom
Lakes Oakland in Kennebec (bottom)
Salmon Lake or N 725 Belgrade and Oakland 270 562 Aug. 21 a7 26 27 31 30
Ellis Pond in Kennebee
MeGrath Pond 726 Belgrade and Oakland 270 486 Aug, 21 27 Bottom | Bottom Bottom Bottom
in Kennebee
Clearwater Pond 815 Industry and Farmington 565 751 Sept. 3 120 Surface 22 83 Bottom
in Franklin {bottom)
‘Wilson Pond 833 Wilton in Franklin 569 480 Sept. 3 88 Surface 20 85 Bottom
| (bottom)
Sandy Pond | 883 |Bmbden in Somerset 410 107 | July 27 41 9 12 23 18
JR I,
Embden Pond \ 887 Embden in Somerset 419 1,547 July 27 158 21 23 140 | Bottom
l j (bot-tom)}
i

#*Ponds numbered 389 to 522 are in the Androscoggin River drainage;

##0htained from United States Geological Survey Topographic Sheets.

#%Figures approximate,

nos. 659 to 887 are in the Kennebec.

FEkQbtained by planimeter readings from lake outlines on United States Geological Survey Topographic Sheets,

only approximately accurate.

These figures on areas are presumably




the deep water distributed over a considerable portion of the lake;
notable cxamples are Thompson and Auburn lakes and Clearwater
and Embden ponds. In the case of Embden Pond, 15 per cent of the
lake area, or 232 acres, has a depth of over 100 feet; and in Thomp-
son Lake, 19 per cent of the lake area, or about 840 acres, is over 75
feet deep. It is more common, however, to find the deeper area of a
lake relatively very small, as was found to be true for Echo, Silver,
Cobbosseecontee, and Maranacook lakes and Snow Pond. Of the
1,673 acres of Maranacook Lake which has a maximum depth of 118
feet, only a very small area is over 60 feet deep; in Snow Pond of
3,510 acres and a maximum depth of 113 feet, most of the lake is less
than 60 feet deep; in Cobbosscecontee Lake of 5,543 acres and a max-
imum depth of 100 feet, only 2 per cent of the lake area, or 111 acres,
is over 75 feet decp; and Silver Lake represents the extreme in the re-
striction of the deeper arca, being a lake of 896 acres with a maximum
depth of 41 feet but with only 4 per cent, or 36 acres, over 25 feet
deep, and with over four-fifths of its area less than 11 feet decp.  Sev-
eral lakes are notable in being very shallow in spite of the fact that
they are of a large area. Notable among this type are Sabattus Pond
of 1,787 acres and a maximum depth of 19 feet, North Pond of the
Belgrades of 2,115 acres and a maximum depth of 20 feet, Pocasset
Lake of 587 acres with a maximum depth of 20 feet, and Iast PPond
of the Belgrade Lakes of 1,705 acres and a maximum depth of 27
feet. Also notable in being large and relatively very shallow are
Webb and Androscoggin lakes and Great Pond of the Belgrades.
Androscoggin Lake of 3,826 acres and a maximum depth of 38 fect,
has only 7 per cent of its area, or 268 acres, over 30 fect deep and has
only 22 per cent, or 842 acres, over 22 feet deep.  Great Pond is of
particular interest because it is the largest of the 53 lakes which were
studied; but it is far from the deepest, however, with 4 maximum
depth of only 69 feet. Over half of Great Pond is less than 15 feet
deep; only 20 per cent, or 1,648 acres, is over 33 feet deep; and only
4 per ecent, or 330 acres, is over 50 feet.

The shore margins of most of these lakes and ponds are mostly
wooded. 'The shore lines and shore shallows are predominantly rocky,
more of the boulder type than of gravel. Sand beaches are very
Iimited, or cntircly absent on some lakes. There are relatively few
quiet bay areas, free from wave crosion and thus with mud bottom.
The type of bottom in the deeper water beyond the shore shallows
was found to vary considerably between the diffcrent lakes, from
mostly sand with a little inorganic silt in some lakes, to mostly or-
ganic mud in others. There was in general much more organic mud
in the deeper waters than in the shallow. This organic mud was
more of a flocculent nature in a few lakes, but was more finely and
uniformly broken up in the deep waters of most lakes. More infor-
mation on the type of bottom in the deep waters of these lakes is
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glven in o lnter seetion dealing with the bottom fauna (see page 82).

The nquadic vegetation in the lakes as a whole was found to be
genernlly very scanty. The vegetation present was mostly of such
winergent Ly pes as bullrushes, pickerel weed, water lilies, and some eat-
tuthe  There was very little submergent vegetation. The emergent
vegelntion was encountered in a few scattered areas such as along the
sl ends of Great and Snow ponds. There was also considerable
mgnntic vegetation in some of the sluggish waterways running be-

tween ponds, or concentrated around inlets and outlets.  The gen-
vl wenreity of vegetation in the lakes themselves is apparently due
montly to the rocky nature of the bottom in the shallow water and to
the disturbing effect of the wave action in the larger lakes.

Many of the lakes have no dams at their outlets; some have low
diwims; and none have high dams for water storage with resultant
changes in water level of more than 5 feet. The color of the water
in most of the lakes was found to be “white,” meaning greenish to
haish, and being so characterized in 44 of the lakes and ponds. This
meluded almost all of the larger lakes. In 9 lakes the water was
lound to be mostly a light shade of brown, and these lakes were mostly
the shallower and/or the smaller ones.

SUITABILITY OF THE WATER IN THESE LAKES
AND PONDS FOR TROUT AND SALMON

[t has been pointed out in a previous seetion of this report that trout
nndl salmon require cold water and a high content of dissolved oxygen
in the water. A maximum temperature of 70° F. has been set as the
eritical temperature limit, and 5 p.p.m. has been set as the critical
limit for dissolved oxygen. Previous survey experience on Maine lakes
has indicated that these limits are approximately correet for defining
good trout or salmon waters. Also, these limits are approximately
the same as those set by investigators in other parts of the country.

The vertical distribution of temperature and oxygen in lakes dur-
ing the summer has been discussed previously (see page 11), but
should be summarized briefly at this point. During the summer the
warm water remains at the surface and upper part of the lake, and
the cold water remains in the lower part. Heating of the water at
the surface, and wave action with the resultant circulating currents,
continually warm up the upper layer of water, and extend this warm-
water layer to greater depths. Oxygen consumption takes place con-
tinually at all depths, but the water of the upper layer is continually
rencrated at the surface. The deep water does not come in contact
with the surface, and therefore cannot be reaerated in this way.
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Thus oxygen depletion usually takes place only in the deeper water,
and the degree of depletion is usually in proportion to the depth.
Furthermore this oxygen depletion in the deep water continues from
just after the spring overturn until the next complete overturn takes
place in the fall. This oxygen depletion becomes eritical only in late
summer, as is also the case of the effect of the upper warm-water
Jlayer on trout and salmon. The upper warm-water layer continu-
ally extends down from the surface, and the oxygen-deficient layer
continually works up from the bottom; thus the two converging
forces tend to “eat away” at the middle trout and salmon zone, con-
fining the fish of this zone more and more to a narrow depth stratum
as the summer progresses. With extreme oxygen depletion in a mod-
erately deep lake, this middle trout or salmon zone may completely
disappear; in some lakes it may be only partially destroyed; or in
-other lakes it may not be affected at all because of complete absence -
of oxygen depletion in the deeper water. This would depend upon -
the individual lakes. The oxygen depletion in the deep water contin-
ues through late summer and into early fall, but by early fall the sur-
face water may be cool enough to let trout and salmon come up to
the surface, and at this time the bottom oxygen deficiency would not
be a limiting factor.

Methods. Analyses on temperature, dissolved oxygen, and pll of
the water were made during late summer, mostly in August, on all of
the lakes and ponds. In addition, such tests were made on Great,
Long, and Tast ponds of the Belgrades, on Salmon and Auburn lakes,
and on Snow, Pleasant and Cochnewagan ponds, during the previous
months of June and July, so that data on these lakes were available
for three separate dates during the summer. These cight, lakes repre-
sented several distinet types with respect to depth, temperature, and
oxygen content of the water; and these tests made during the carly,
middle, and late parts of the summer revealed the degree of change
of temperature and oxygen in these different types of lakes during
this period.  The results of the water analyses on all 53 lakes and
ponds are given completely in Table II. The methods used in thege
analyses on depth, temperature, oxygen, and pH may be deseribed
briefly as follows:

Lakes were sounded by using two water-resistant (non-shrinking)
sounding lines: a braided tillor rope with bronze wire core, and a
brass chain. The two lines were marked in depth at intervals of 5
and 2 feet, respectively. A two-pound lead weight was used on the
end of cach. The depth soundings were distributed along lines be-
tween various land marks such as points, islands, buildings, roads,
ete., and these were lines which could be located on our field maps.
These maps (sce Figures 7 to 51), as prepared by the survey, were
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wpled by pantograph from the United States Geological Survey
:l.\:t:t:»‘;.:l~|:;.)\l|i(lt Sheis.p Sounding:s were distributed evgnly alorll)g (?ehf
line, cither by estimating the distance betwe_en soundings or ! v 111011
Ing thin distance with the motor-boat traveling at a cqnsta}rll speed.
All ol the lakes were sounded by the present survey with tPe e();cep-
{lon of Great Pond of the Belgrades. Squndmgs on Gre:-at Eon. are
from n depth survey and map by E S. Llpcolq, Consglt%ng ngineer
ol New York City, and herewith printed with his permission.

‘'he analyses on temperature, oxygen, and pH were madci atf 2}?6
ot more stations on each lake and at only one statl(?n on most o 1;he
munller lakes. These water analyses stations are 1n§i1cated by 51e
nymbol ® on the accompanying maps of the lakes (Flguyes 7 tod _).
‘Miese stations were selected after the lakes were sounded, anl km
inosl instances were located at or near the deepest part o_f the la teﬁ
Tesls on temperature, oyxgen, and pH were n_nade at various d(}ap iy
intervals distributed so as to determine _the pointg qf depth at whic
ench of these factors might change considerably. flests on temper.zt
ture were made with two types of deep sca reversing thermometclsd.
n recent type of Negretti and Zambra instrument; .and al 500(21}11
instrument, without an auxiliarvy thermomcter, obtained fIO{n)‘ (i\
1H-B Instrument Company of Philadelphia. Also, three sgncisg §)7
femperatures on Great Pond of ‘t}.le Belgrades were maie fm .
with a Taylor Maximum and er.nmum Thermometer. A 'CW Zu\l_
lee temperatures were taken with a pocket thermo_mct(i,t%‘wb(,n
these temperatures were above the range of the Negretti an _ J%mt }Il‘a
instrument; these pocket thermometers Were.checked agains .te‘
Negretti and Zambra thermometer and were ’.Iound to l.).e acfl?,a ¢
within +1° 1. The type of thermometer usediln each serics 10‘ f,m-
peratures 1% indicated in Table IT. Samp]c.s: of water for .a,}r:a y;‘es 0111
ovygen and pH were obtained from the dosu‘ed depths1 with a (zmzb
In;proved Water Sampler of 2,000 c.c. capacity. Al moxygeél e:sth
were made by the Winkler Method.  All pH tests were made wi ‘
laMotte Indicator Solutions and LaMotte Color Standard Solutll(()nb,
nnd were made immediately after 1:hp water samplesi Wergt‘.c‘at‘cn,
The oxygen tests were also run immeohatcly up tg the ﬁ‘ITa‘lftl)Id‘IOIl,
nnd this titration was completed within tw_o to six h.oul's after T?alr)rll—
pling. The results of oxygen an.al_yses as given 1n.th1.s Iepogt (' able
I1) are expressed in parts-per-million by weight of dissolved oxygen
i the water.

A study was made of the morphometry of t‘he lakes in conn;)ctlon
wilth the results of tests on temperature and dissolved oxygen, for aﬁ
evaluation of the amount of water volume and bottom area 11(3 e.a.mc
Inke available to trout or salmon or other gold—watcr fishes during
Inle summer. The eritical depths abovg which tghe temperature ?x-
ceeded 70° F.) and the depths below which the dissolved oxygen was

35



less than 5 p.p.m., during late summer, were determined from the
water analysis data. Depth soundings were located on each map;
depth contours including those for the critical temperature and o;q}i
gen depths were drawn on each: and the lake area within each de th
contour was determined by planimeter. Bottom arcas betvx;e(:,n d(’gth
contours in the lakes were assumed to be in the same prop()rti()l; as
areas W{thi.n depth contours on our prepared maps. The volume Lof
water within cach depth stratum corresponding to consccutive doi)th
contours was caleulated by assuming the lake to be a series (/)f f;‘ll’i-
tums and by using the following formula: k

Volume of water in acre feet between two given depth
levels = 1/3 H (Ar-+As-+V/ArAs), where

H == depth of the water layer in feet.

A= area in acres withi

: res within the depth contour representi imi F
: > de ont wenting the o

Cjaren in acr I g the upper limit  of

B cres w 1e depth contour representing the rer limi [
he f 3 1 ting the lower limit  of

The total volume of each lake was obtained by adding the figures
fpr the separate parts. From this procedure, figures were obtainv:l
for the volume of water in the upper warm-water layer (above 70° I¥ )"
t}}(‘, volume of water, if any, in the deeper part of each lake where tiul
dissolved oxygen was less than 5 p.p.m.; and the volume of good f,;'(;llf
or Salmon' water, if any, between these warm and oxvgon—(lr\ﬁ('ioht‘
]a_yers. Similar figures were obtained for the area of lake l)ot‘t(’)m’
directly in contact with the water of these three zones. ’l‘h;- ‘(],I‘("‘L in
contact with the water of the good trout and salmon zone is Jpros";un—
ably the only lake bottom area available to these fishes l(llirill‘;k lato
summer. 'I_‘he above procedure in evaluating data on depth ton?por‘;-/
ture, and.dlssolved oxygen for trout and salmon, and scvm'z}ﬂ i)()ﬁ@fl)(l(*
sources of error of the procedure, have been discussed more fully‘in 1,
previous report (Cooper, 1939b). These sources of error are not b(*i
lieved to be serious, and the method is presumably sufficiently ‘L('(’U/-
rate for the purposes of the present survey. ) S

Results. In those 8 lakes and ponds on which water analyses were
made on three separate dates during the summer, a considérdblo do-
gree of se.tisonal change in temperature was encountered in all of tllmm/
and cpns1derablc change in dissolved oxygen content was en(’ol/ln—’
tgred in some (Sce Table IT and Figures 1 to 3). Several rathor/ dis-
tinet types of lakes or ponds, with respect to these conditions of depth
temperature, and dissolved oxygen, could be identified among thesé
8 bodies of water. East Pond of the Belgrades and Cochnewagan
Ppnd were of the shallow type with quite uniform vertical distribu-
tion of temperature, dissolved oxygen, and pH from the surface to
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the hottom during the entire summer; there was a notable seasonal
lnerense in temperature throughout all depths but there was very
Il sensonal change in dissolved oxygen or pH. The other six lakes
were deep enough to have a thermocline; and all revealed a general
ansonal inerease in temperature, especially throughout the upper
wirm-water layer (epilimnion). These deep-water lakes, however,
were of at least three distinet types with respeet to the amount of
dimsolved oxygen in the deep water. In Great Pond, Salmon Lake,
aned Snow Pond there was a high oxygen content at all depths at the
June analyses; this oxygen content was considerably reduced in the
decp water by July, and was eritically low (from the standpoint of
lishes) in the deep water by August. This deep-water oxygen deple-
(ion in August was most extreme in Great Pond and Salmon Lake and
womoewhat less so in Snow Pond. A second possible type with respect
to oxygen depletion in deep water was represented by Pleasant Pond,
in which the oxygen content within the thermocline was unusually
high, but was considerably reduced in the deepest water. The oxygen
Jistribution in Auburn Lake represented a third rather distinet type,
with practically uniform distribution from top to bottom at each
summer analysis, and with a slight but uniform scasonal decrease
from top to bottom. In Long Pond of the Belgrades (south part) a
womewhat complicated oxygen curve was encountered at the analyses
of July and August; there was the usual high oxygen content at the
surface, a marked decrease throughout the thermocline, a consider-
able inercase in the deep water just below the thermocline, and finally
w notable decrease of oxygen at the bottom. This oxygen distribu-
fion in Long Pond might represent a rather distinet and common
type of oxygen distribution, or it might have been a stage In oxygen
depletion which was approximating the conditions of oxygen distribu-
lion as found during the August analysis on Snow Pond. These 8
lnkes and ponds represent all of the distinet types of lakes with re-
spect to distribution of depth, temperature, and oxygen which were
encountered among the remaining 45 lakes and ponds.

The depth to which the upper warm-water layer (above 70° )
had extended by August was definitely related to the size of the par-
ticular lake or pond; the warm layer extended to greater depths in
the larger ponds (sce Table I). These depths ranged from a mini-
mum of 12 feet in the smallest pond (Sandy) to 33 feet in the largest
(Great Pond). The averages of depths for lakes of various size-groups
ranged from 17.3 feet for lakes of 107 to 500 acres in area, to 25 to 33
fect in the largest of the lakes (sec page 16). In addition to East Pond
of the Belgrades and Cochnewagan Pond, both cited in the preceding
paragraph, six other ponds were so shallow that the upper warm-
water layer extended to the bottom of the entire pond area, namely:
Snbattus, Lovejoy, and McGrath ponds, North Pond of Belgrades,
and Androscoggin and Pocasset lakes. The remaining 45 lakes, i.e.,
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10 4
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Iigure 1. The vertical distribution of ter)nperature, Ehs)solve'd oxy%)%n,dar:g
pll of the water in Auburn Lake, Pleasant Pond, and (jor,hnf%\uﬁn? vrr-]f;'(m‘n
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GREAT POND OF BELGRADE LAKES
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Figure 3. The vertical distribution of

PH of the water in Great Pond, Salmon Take, B )
unalyson mudo ot thoe dubas et Al ke, and Kast Pond, us dotermined by

temperaturoe, ‘dissolved oxygon, and

C: Gglf ~22)
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1. Water analyses.
ned pl

Vertical distribution of temperature, oxygen,

L

ANNETUS POND, P.389.
hoone P'wp.,
Atlroneogein Co.
June 21, 2:00 to 2:15 P.M.

Lh-pll. ol water: 18 ft.

vl hevest
TAYLOR POND, P. 392

Aty 22, 10:00 to 10:45 AM.

pond.
Wpth of water: 44 ft.

Vg 21, 1:00 to 1:45 PN

pond.
epth of water: 36 ft.

pond.
Depth of water: 60 [t.
No wind.

1 In the lakes and ponds, from analyses* made during the
summer of 1940** )
) Depth | “l'emper-
l ale, loeation, date, time, station, in ature:**¥|Oxygen:
water depth, ete feet °F. p.p.m. | pH¥***
NG
Surface | 66.78 ; 8.9 7.5
5 66.59
10 66.3.\%" 8.9 7.6
15 66,30
Mithm: ' mile west of Marr Point. 17 e 8.6 7.7
18 66 .14 L. s
breeze. Waves: 4 inches high.
Surface 8.3 7.1
Anburn Twp., Androscoggin Co. 5
10 L -
Minlion: 200 yds. north of center of the 15 8.1 7.1
20 .. .
25 4.5 6.5
(i breeze. Waves: 3 inches high. 30 1.6 6.2
. 35 . L.
40 1.1 6.2
44
LOWIER RANGE POND, . 398, Surface | 73.2924 9.1 7.1
Polind Twp., Androscoggin Co. 5 73.2%n L
10 73 .02: % . Sk
tintion: 173 mile from cast end of 15 72 .6mp, 9.3 7.1
20 56.8ng 7.8 6.6
25 53.luq | 8.6 6.2
North wind. Waves: 10 inches. 30 49.4 94 .. o
35 48.059] 0.3 6.1
AMITDDLE RANGE POND, .400. Surface | 80P 44 8.8 7.1
I'wland Twp., Androscoggin Co. 13 75 .44 S ..
Yop. 10, 11:00 AM. to 12:30 P.M. 15 70.7343 9.8 7.1
Station: 14 mile north of center of 20 57 .66
25 48‘)(,4{
30 46.2 1.4 8.4 6.4
No waves. 35 44 .4 v.q
40 43.3¢3 .. .
45 42 458 7.9 6.2
50 42 .15
55 42 .15, 7.1 6.1
60 41.96,5 Lo

ing outline maps of these lakes.
#% All analyses were made
Hrun‘t*l’ond of the Belgrade

Ctompeny, Philadelphia. The
momutor. Femperatures on
Maximn and Minimum Thermometer.
appondod

- Nogrotti and Zambra thermometer,
wstrumont Company, and

i With fow excoptions, all pIl

The oxooptiong

41

warn with Phonol Ted ndlontor,

wore tnkon with Deep Sea ‘Reversing Thermometers, of two types:
ftavorsing Thermometer, and a Deep Sea Reversing Thermometer obtained from H-B Instrument
few surface temperatures of over 75
Gireat Pond of the Belgrades in June,
To the first temperature rea
a symbol indicating the type of thermometer used for that particular series, as foll
btained from

= Deep Sea Reversing Thermometer ol
The symbol P is

T = Taylor Maximum and Minimum Thermometer.
appotdod to aurfuce tomperatures taken with a pocket thermormeter.
ke values of 5,6 to 6.3 inclusive wer!
aranol Purple Indiontor; all valuow of 6.4 to 7.2 wore with Bromthymol Blue,
Indientod in the tuble,

DO Mo

* The location of each water-analysis station is indicated by the symbol & on the accompany-

during the summer of 1940, except for three series of analyses on
TLakes made during June 1937 and so indicated.
%% A1l 1940 temperatures, with the exception of a fow surface temperatures of over 75° T.,
Negretti and Zambra Deep Sea

© F, were taken with a pocket ther-
1937, were taken with a Taylor
ding of each vertical series is

OWS:

H-B

o from tests made with Brom-
and values of 7.8t07.7
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TABLE II. Water analyses — Continued
Depth | Temper-
Lake, location, date, time, station, in ature: |Oxygen:

water depth, etc. feet °F. p.p-m. pH
UPPER RANGE POND, P.401. Surface | 772 % 9.0 7.2
Poland T'wp., Androscoggin Co. Over 75 . .
Aug. 10, 2:30 to 3:30 P.M. 10 Over 75 AN R,
Station: near center of the pond. 15 66.65a0f 9.7 7.2
Depth of water: 35 ft. 20 53.1u0 9.1 6.3
Isast breeze. Waves: 2 inches high. 25 47.7 .1 8.2 6.3
30 45.911 6.1 6.1
35 44.8 14
HOGAN POND, P.403. Surface | 71.0% 7.4 6.9
Oxford Twp., Oxford Co. h 70.5 o e
Aug. 21, 10:15 to 10:45 A.M. 10 70.1 7.4 7.0
Station: 1/3 mile from north end of 15 63.3 4.5 6.6
pond. 20 55.9 2.2 6.2
Depth of water: 31 ft. 25 51 .4 . S
North wind. Waves: 8 inches high. 28 e 0.1 6.1
30 50.2 Ce L
WHITNEY POND, P.404. Surface | 72.8w 8.5 7.1
Oxford Twp., Oxford Co. 5 72.8 .. ..
Aug. 21, 11:00 to 11:30 A.M. 10 72.6 8.5 7.0
Station: 14 mile from north end of 15 72.1 8.4 .0
pond. 20 60.8 8.5 .0
Depth of water: 24 ft. 24 57.7 . .

North wind. Waves: 10 inches.
TRIPP POND, P.408. Surface | 81r4v¥ 8.9 7.
Poland Twp., Androscoggin Co. 10 e 8.9 7.
Aug. 9, 3:00 to 3:45 P.M. 15 7238 5.1 6.3
Station: 14 mile north of south end of 20 67 .54 2.5 6.1
the pond. 25 653185 2.4 6.1
Depth of water: 28 ft. 28 64.2 115 o o

West breeze. Waves: 4 inches.
THOMPSON LAKE, P.409. Surface | 74.0% 9.1 7.0
Oxford Twp., Oxford Co. 5 73.7 c. S
Aug. 20, 12:15 to 1:15 P.M, 10 72.8 o -
Station: 150 yds. west of Haye's Point. 15 66 .0 9.5 6.9

Depth of water: 99 ft. 20 59.3 - ..

Strong north wind. Waves: 3 ft. high. 25 59.2 9.1 6.5
30 53.9 A
35 50.5 9.8 6.5
40 49.1 .. L
45 48.3 - .
50 48.2 9.0, 6.4
60 48.0
70 47.5 9.1 6.4
80 47.3 . Ce.
90 46.5 9.2 6.4
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TABLE II. Water analyses — Continued
Depth | Temper-
famhe, loeation, date, time, station, in ature: |Oxygen:

4 water depth, etc. feet °F. p-p-m. pH
HOMI'SON LAKE, P.409. Surface | 73.0n 9.2 7.0
e ‘I'wp., Androseoggin Co. 73.0 ce. -
ug =0, 2:15 to 3:15 P.M. 10 73.5

{ton: 34 mile northeast of Birch 15 7‘3 5
wlinnel. 20 73.4
Ahpth of water: 78 ft. ] 25 73 .4 > ...
trong north wind.  Waves: 4 ft. high. 30 72 .8 9.2 7.0
35 62.6 e .
40 53.7 9.2 6.5
45 50.0 S e
50 49 .4 9.2 6.9
60 48.0 e cen
70 48.0 e .
£ T R 9.2 6.9
78 47 .4 S e
'"WNNESSEEWASSEE LAKE, P.416. Surface 74.0N 9.0 7.1
wmrwny Twp., Oxford Co. : 74.1 . -
Aug. 20, 9:45 to 10:30 A.M. 10 74.‘1
Mintion: 14 mile west of island at 15 74 -3 - .
wouth end of the lake. 20 74..5 85 7..1
Dinpth of water: 47 ft. 25 66.3 7.3 6.9
Mirong north wind. Waves: 2 ft. 30 60.6 e ...
high. 35 56.5 3.0 6.5
40 56.5 L e
47 51.2 0.3 6.1
I'WITCHELL POND, P.425. Surface | 068.2x 9.7 6.8
tireenwood Twp., Oxford Co. 10 68.2 . -
Nept. 5, 4:30 to 5:10 P.M. 15 68.0 . e
Ntalion: 300 yds. west of Payne Ledge. 20 ():8.0 8.5 6.5
Dupth of water: 47 ft. ) 25 60.1 7.2 6.0
Northwest breeze. Waves: 5 inches high. 30 52.2 4.5 5.8
35 49.5 L .
40 48.2 1.1 5.7
45 47 .8 0.7 5.6
BRYANT POND, P.427. Surface 67 .8x 9.7 7.0
Woodstock Twp., Oxford Co. 10 67.6 S e
Nept. 4, 3:00 to 4:15 P.M. 15 67‘,3 9.6 6.9
Niation: 50 yds. out from the foot of M. 20 66.1 8.0 6.8
(hristopher. 23 61.7 . 7.0 6.2
Depth of water: 40 ft. 25 54.7 4.9 6.0
Strong northwest wind. 30 50.0 4.1 6.0
Waves: 7 inches high. 35 49.6 3.4 6.0
38 49.3 e e
43



TABLE II. Water analyses — Continued
Depth | Temper-
Lake, location, date, time, station, in ature: [Oxygen:
water depth, ete. feet °F. p.p-m.
AUBURN LAKE, P.428. Surface | 63,5 10.1
Auburn Twp., Androscoggin Co. 5 63.1 S
June 28, 12:00 to 2:15 P.M. 10 60.1 C
Station: 14 mile east of Pine Point. 15 59.9 o
Depth of water: 100 ft. 20) 59.9 10.1
Strong west wind. Waves: 6 inches high. 25 59.5 S
30 57 .2 10.1
35 54.7 S
40 52.0 10.2
50 49.3 S
60 47.8 10.3
70 47 .3 L
80 47 .1 10.1
90 46 .9 L
100 46.8 10.0
AUBURN LAKE, P.428. Surface | 72.0w 10,2
Auburn Twp., Androscoggin Co. 5 72.9 o
July 24, 9:45 to 11:00 A. M. : 10 72.9 o
Station: 14 mile east of Pine Point. 15 72.9 o
Depth of water: 104 ft. 20 70.2 10.2
South breeze. Waves: 6 inches high. 25 64 .4 o
30 59.9 10.2
35 57.0 S
40 53.6 9.4
50 49.8 ..
60 18.9 9.3
70 18.4 Ce
80 48.2 9.1
90 17.8 e
100 17.8 9.0
104 17.8 ..
AUBURN LAKE, P.428. Surface 734N 9.4
Auburn Twp., Androscoggin Co. 5 2.4 o
Aug. 22, 12:30 to 1:45 P.M. 10 72.4 -
Station: 14 mile east of Pine Point. 15 72.3 .
Depth of water: 112 ft. 20 72.1 oL
Southwest breeze. Waves: 5 inches high. 25 72.0 9.1
30 61.5 ..
35 57.3 9.1
40 53.6 C
15 52.0 N
50 49.8 8.6
60 48.9 L.
70 18.5 8.1
80 48.2 ce
90 48.0 7.6
100 48.0 S
110 47.8 7.6

pH

7.0
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‘TABLE II.

Water analyses — Continued

gtion

W wind.

fndlon:
o,

wwind.

Nutlon:

jemnd.

with breeze.

Mtntion:
the pond.

Temper-
Fathe, foention, date, time, station, aoture: Oxygen: _
wuter depth, ete. I p.p.m. pH -
LN POND, 1.437. Surface | 75.0~ 9.0 6.8
it Hw ., Androscoggin Co. 5 Z4 3 e .
I, 10:15 to 11:00 A.M. 0 73.8 8.6 6.8
'y mile from south end of pond, 15 73.4 - e
il 100 yds. off east shore. :Z() 58.0 7.3 6.1
Pt ol water: 44 ft. 25 49.3 s S
No waves. 30 45.7 6.1 6.0
35 44 .1 L L
40 42.8 4.0 5.8
44 42.6 . . ..
FLICANANT POND, P.443. Surface | 72,78 9.0 6.9
Thtner Twp., Androscoggin Co. 5 71.2 . .
vy R, 10:30 A.M. to 12:30 P.M. ) 1() (35?.5 RN
1/3 mile north of south end of 15 66 .4 -
20 63.0 S.0 6.9
wplh o water: 66 ft. 25 54.0 .
o \\th waves. 30 52.5 11.6 6.7
35 46.8 L S
40 45.7 8.8 G.3%
50 44 .4
e p H value of 6.3 was with Bromthymol 60 453.7 5.9 6.2
lue indicator 64 43.7 ..
HWACASANT POND, P.443. Surface 76y 7.9 7.0
‘wrner Twp., Androscoggin Clo. 5 zf) e .. ..
duly 23, 4:15 to 5:15 P.M. ) 10 i4.4 ..
1/3 mile north of south end of 15 71.2 C ce
20 64 .4 9.6 7.0
ppth of water: 66 ft. 25 57.3 .. e
R”" . Waves: 2 inches high. 30 51.4 10.1 6.7
35 47.8 L c.
40 45.8 5.4 6.4
50 44 .4 o o
60 44 .4 6.7 6.2
64 44 .4 ..
I'MUMASANT POND, P.443. Surface | 74.8% 8.9 7.0
‘I'urner Twp., Androscoggin Co. ! 74.8 o ..
Aug. 17, 8:45 to 9:30 A M. _ 10 74.5 .
1/3 mile north of south end of 15 74.5 ..
20 66.9 11.4 7.0
Depth of water: 68 ft. 25 54.9 . -
an wind. No waves. 30 49.8 12.3 G.6
35 48.2 .. L
40 45.9 7.9 6.4
50 44 .2 L .
60 44 .1 4.0 6.1
68 43.8 L .
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TABLE II. Water analyses — Continued

. Depth | Temper-
Lake, location, date, time, station i e
. water deptﬁ, ete. ’ fgelt a"t;‘l‘rc (););)g:\rlll pH
ANDROSCOGGIN LAKE, P.464 3 g 38 .. |
Waynre Twp., Kennebec Co. hun:;x o 83 "‘iN 104 0
Aug. 26, 9:30 to 10:15 AM. 10 68.3 o I
Stzition d 14 mile northeast of Norris 15 (58.:; .
sland. p 58 - )1 7 0
Depth of water: 32 ft. jg E)gi ‘9'1 7o
No wind. No waves. :ii) (:;3 ':3 "3(1) ZI;
32 67 .1 . .
POCASSET LAKE, P.466 5
2l 4 466. Surface 39 .4 :
Wayz}c“ lwp., Kennebec Co. mfr:)u ¢ 88 '-1lN " T
Aug. 26, 11:15 to 11:45 AM. 10 | 689 1.1 7.
Station: 2/3 mile northeast of the outlet. 15 (i;i 9 . o
I?epth of water: 19 ft. 17 N 9.5 73
Northwest breeze. Waves: 8 inches high. 19 683 7 7
LOVEJOY POND, P.470. urface 38
Wayne Tv«(/p., Kennebec Co. N“[."i“‘(’ :;; :;V v o
Aug. 26, 12:30 to 1:00 P.M. 10 68 9.1 5.9
Station: 1 mile north of the outlet. 15 68.7 o 09
erth of water: 19 ft. 17 ' 9.1 5.9
Northwest breeze. Waves: 3 inches high. 19 685 o o0
ECHO LAKE, P.472.
Fayette Twp., ’Kennebec Co. Surf;ce ;8'33 58 B
Aug. 24, 11:45 A.M. to 1:15 P.M. 10 70.9 .
Station: 200 yds. north of Echo Island. 15 70.7 8.8 7.0
Depth of water: 111 ft. 20 3.0 :7'( 7".”
Northwest breeze. Waves: 4 inches high. 23 519..5 ! 0
25 56.3 6.1 6.2
30 51.8 ..
35 48.6 6.9 ;.
40 5.3 o v
45 44.2 7.9 6.1
50 43.8 .. -
55 43.6 1.6 6.1
65 43.3 4.0 6.1
75 43.2 1.6 6.1
85 42.8 ..
133 42 .6 o -
42 .4 4.2 5
109 424 v
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"ARIKER POND, P.474.
Fuyette Twp., Kennebee Co.
Aug. 23, 9:45 to 11:00 A. M.

Depth of water: 70 ft.
Houthwest breeze.

DAVID POND, P.476.
I'nyette Twp., Ikennehee Co.
‘ug. 28, 10:00 to 10:45 A.M.

Depth of water: 25 ft.
No wind or waves.

ple indicator.

DAVID POND, PP.476.
I'ayette Fwp., Kennebee Co.
Aug. 28, 11:15 to 11:45 AM.

pond.
Depth of water: 37 ft.
No wind or waves.

Purple indicator.

TILTON POND, P.478.
Fayette Twp., Kennebec Co.
Aug. 28, 2:45 to 3:15 P.M.

pond.
Depth of water: 42 ft.

TABLE II. Water analyses — Continued
Depth | Temper-
Iake, location, date, time, station, in ature: |[Oxygen: }
water depth, ete. feet °F. p.-p.m. pH
Surface | 72.0m 8.8 7.0
5 72.0 S S
10 2.0 9.0 7.0
Antion: 34 mile north of the Headland. 15 71.8 . A
20 71.6 ... .
Waves: 3 inches high. 23 71.6 7.8 6.6
25 63 .0 6.8 6.4
30 58.3 5.8 6.1
35 55.6 .. e
40 54.0 3.6 6.0
45 52.2 - ..
50 51.6 3.1 6.0
55 51.4 o L.
60 51.3 2.8 6.0
65 51.1 . ..
Surface | 68.0% 9.1 6.8
5 67.5 S
10 67 .1 8.9
Station: 1/3 mile northeast of the nar- 15 66 .6 o o
rows, in the northern half of the pond. 20 66 .6 8.2 6.4%
21 63.0 S
23 59.9 8.2 6.4%*
25 58.1 5.5 6.2
*p H values of 6.4 were wilh Bromeresol Pur-
Surface | 68,74 8.5 6.8
10 67.6 8.3 6.8
20 66.2 3.3 6.4
Station: % mile north of south end of the 21 64.0 S .
25 h.7 0.2 6.0
30 50.4 0.0 6.2
35 48.0 0.0 6.4*
37 47.8 o
*This p 1l value of 6.4 was with Bromeresol
Surface | (9 .44 8.9 6.8
10 66.2 8.8 6.8
15 62.2 2.8 5.8
Station: 14 mile north of south end of the 20 53.1 3.3 5.8
25 18.6
30 46 .4 1.2 5.8
40 43.0 0.4 5.8

No wind or waves.
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TABLE II.

Lake, location, date, time, station,
‘water

FLYINC POND, P.481.

Mount Vernon Twp., Kennehee Co.
Aug. 23, 12:45 to 1:30 .M.
Station: L4 mile north of the outlet.
Depth of water: 80 ft.

Southwest brecze. Waves: 4 inches high.

WORTHLIY POND, 1.199.
Pera Twp., Oxford Co.
Sept. 6, 1:00 to 1:40 P.M.

Station: 14 mile north of south end of the
pond.

Depth of water: 48 fi.
No wind or waves,

WEBB LAKLE, P.503.

Weld Twp., I'ranklin Clo.

Sept. 11, 10:45 A M. to 12:00 Noon

Station: 14 mile east of mouth of Show-
man Brook.

Depth of water: 42 ft.

Strong west wind, Waves: 1 [t high.

*. 3 ) ¥
I of 6.4 was with Bromercsol Purple in-
dreator.

SILVER LAKE, P.515.
Roxbury Twp., Oxford Clo.
Sept. 9, 2:50 to 4:00 P.M.
Station:
Island.
Depth of water: 43 ft.
Light brecze. No waves.

1/8 mile southwest, of Ivench

FARLAND POND, P, 516.
Byron Twp., Oxford Co.
Sept. 9, 11:25 A.M. to 12:30 P.M.
Station: 1/5 mile off the middle of the east,
shore.
Depth of water: 41 ft.
No wind or waves.

Water analyses — Continued

Surface 63 .01 9.6
10 62.6 -
15 62.2 ..
20 62.1 9.€
25 62.1 9.
30 57.7 4.
35 52.7 ..
40 51.6 1.

Depth | Temper-

in ature: [Oxygen
feet ° .p.
Surface 71.2u
10 71.2
15 67.7
20 61.6
25 50.0
30 46.0
35 45.5
40 45 .0
50 44 .6
60 44 .2
70 43.9
75 43.9
Surlace | 68.7u
10 68 .4
15 68 .2
20 67.5
25 58.3
30 51.1
135 47 .8
LA 46.0
45 43.0
Surface | 64.0n
5 63.9
10 63.9
15 63.5
20 63.3
25 63 .3
30 63.1
35 62.9
37 57.7
40 o
42 57.0
Surface | 63,71
10 63.0
15 62.6
20 62.6
25 62.0 o
30 62 .4 9.1
35 62.4 S
40 62 .4 9.6
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shore.

Station:

pond.

TABLE 1I. Water analyses — Continued
Depth | Temper-
ke, location, date, time, station, in agu‘m: Oxygen:
water depth, etc. feet I p.p.m. pH
NORTH POND, P.521. Surface 63 . 9.3 6.8
Woodstock Twp., Oxford Co. 10 68.4 S ..
HSept. 5, 1:20 to 2:1!31‘{[’.M!.“ . ) l){; })33 00 6k
hation: iddle of the cas 2 38 0. .
Station: 100 yds. off middle o P -0 58
Depth of water: 37 ft. 30 58.3 Ce s
Nu[rtthwest wind. Waves: 5 inches high. 35 55.8 0.0 6.2
SOUTH POND, P.522. Surface (38.(?” 9.6 6.8
Gireenwood Twp., Oxlord Co. 10 (:»7_.() o =
Sept. 4, 11:50 ALM. to 1:20 P.M. th (.)(3.‘9 9.5 6.7
Station: near the center of the pond. 20 66 % o _r
Depth of water: 65 ft. s Tl H;s? :)§ :‘; .5 6.6
vorthwest wi Vaves: 5 inches high. 28 3. .. ..
Northwest wind,  Waves: 5 inc 2 us. Qs 0o
35 534 8.7 6.0
40 19.6 8.7 6.0
15 16.9 S C
50 45.0 8.3 6.0
[$13] 13.9 6.5 5.9
63 13.7
PURGATORY POND, . 659. Surface | 69.1v 8.8 7.0
Litchfield Twp., Kennebee Clo. 5 (?9.1 - .
Aug. 26, 12:15 to L:15 .M. 10 (?9.1 8.7 7.0
1 34 mile northeast of the south 15 (.‘S'Ll o =
end of the pond. 20 ()"_/% 7.1 6.8
Depth of water: 62 ft. ) 21 65.8 .. o
Northwest breeze. Waves: 5 inches high. 22 62.6
23 59 .4 L .
25 56.1 1.5 2
30 51.6 2.6 3.2
35 46.8 .. .
40 44 .6 4.3 G.2
50 43.2 2.8 6.1
Hh 42.8 0.6 6.1
60 42 .4 . ..
SAND POND, P.660. Surface 63 8.8 7.0
Monmouth T'wp., Kennehee Co. 5 (38 2 .. ..
Aug. 26, 9:30 to 11:00 A.M. i ](_) (TS'Q - oo
Station: 1/5 mile north of south end of the }81 ?;b} 8.8 7.0
Y .H e .
Depth of water: 82 {t. 20) 55.4 5.9 (?.:3
thwest breeze. No waves. 25 48.9 5.5 6.2
Northwest breeze. No waves 2 184 o8 b2
35 441 . .
40 42.6 7.3 G.2
45 41.7 . ..
50 40.7 7.5 6.2
55 39.9 S S
60 39.7 5.8 6.2
65 39.5 S -
70 39.3 2.9 6.1
75 e 1.1 6.0
80 39.2 .. o
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TABLE II. Water analyses — Continued TABLE II. Water analyses — Continued

Depth | Temper- - ) ) i Depth | Temper-
Lake, location, date, time, station, in ature: [Oxygen: Lake, location, date, time, station, n ature: Oxygen:
water depth, ete. feet, oY, p.p.m. pH water depth, ete. feet F. p.p-m. pH
COBBOSSEECONTEE LAKE, P.66S. Surface | 77.2u 8.8 7.2 WILSON POND, P.673. Surface | 71.8% 8.9 71
Monmouth Twp., Kennebec Co. 5 76.1 o o Monmouth Twp., Kennebec Co. 5 71.8 ... .
Aug. 8, 12:00 Noon to 3:30 .M. 10 75.6 Aug. 23, 9:15 to 10:20 A. M. 10 71.8 e ..
Station: 1 mile southwest of Cram Point. 15 75.0 o s Station: 14 mile north of south end of the 15 71.8 9.6 7.1
Depth of water: 100 ft. 20 71.6 7.3 6.7 pond. 20 69.9 e -
No wind or waves. 25 65.7 o o Depth of water: 42 ft. 25 60.1 2.1 6.4
30 61.3 1.6 6.4 South wind. Waves: 5 inches high. 30 57.6 S .
35 58.3 35 55.0 0.1 6.4*
40 56.7 40 6.2 *This p H value of 6.4 was with Bromeresol 40 53.6 0.0 ..
15 55 .4 o o Purple indicator.
50 54.1 1.4 6.2
60 50.5 1.7 6.2 I
7 8. 1.
3(; 223 j;}: 85 DEXTER POND, P.674. Surface | 71.9% 8.1 7.2
90 47.5 4.0 6.2 Wayne Twp., Kennebee Co. 5 72.1 S e
9% 473 39 69 Aug. 23, 11:45 A M. to 12:30 P.M. 10 72.1 7.6 7.1
100 47 .1 o o Station: near center of the pond. 15 63.1 3.7 6.4
Depth of water: 22 ft. 20 52.7 2.3 6.4
— A Southwest breeze. Waves: 2 inches high.
ANNABESSACOOK LAKE, P.671. Surface | 68.0x 8.2 7.0 T .
Monmouth Twp., Kennebec Co. 5 68.0 . ..
Aug. 27, 9:45 to 10:45 A M. 10 68.0 o . BERRY POND, P.675. Surface | 71.6~ 8.2 7.0
Station: 14 mile west of south end of 15 67.8 8.2 7.0 Winthrop Twp., Kennchee Co. 5 71.6
Cole’s Island. 20 67.6 . o Aug. 23, 1:30 to 2:20 P.M. 10 71.6 8.1 7.0
Depth of water: 47 ft. 25 67.3 8.0 6.8 Station: near center of the pond. 15 66.9 6.4 6.9
Northwest breeze. Waves: 3 inches high. 30 065.3 6.0 6.8 Depth of water: 25 It. 20 57.3 0.6 6.3
35 61.2 0.2 G.4 Southeast breeze.  Waves: 4 inches high. 23 S 0.0 6.3
*This p I value of 6.4 was with Bromeresol 40 60.1 0.0 G.4* 25 55.4 s cee
Purple indicator. 45 59.2 ce S
MARANACOOK LAKE, PP.676. Surface | 69.8u 9.3 7.0
COCHNEWAGAN POND, P.672. Surface 63 . 9N 9.4 7.0 Winthrop Twp., Kennebee Co. 5 68.9 Ce L.
Monmouth Twp., Kennebee Clo. 5 64.2 . o Aug. 27, 12:45 1o 2:30 P.M. 10 68 .4 S o
June 25, 1:45 to 2:45 P.M. 10 64.2 101 7.0 Station: 1 mile northeast of the outlet. L5 68.4 9.3 7.0
Station: near center of the pond. 15 64.2 S ce ‘ Depth of water: 106 ft. 20 68.2 - S
Depth of water: 28 ft. 20 64.2 o o Northwest breeze. Waves: 3 inches high. 25 67.5 8.5 7.0
Fast wind. Waves: 3 inches. 25 63 .0 9.0 6.9 30 56.3 7.6 6.4
35 51.4 7.2 6.4
o e e — 1PN N 40 49.3 S e
45 47.3 8.1 6.4*
COCHNEWAGAN POND, P.672. Surface | 75.0% 9.3 7.1 50 46.0
Monmouth Twp., Kennehee Co. 5 75.0 - o 55 44.4 8.7 6.4"
July 24, 1:15 to 1:45 P.M. 10 75.0 9.2 7.1 ‘ 60 437 L .
Station: near center of the pond. 15 71.7 o o 65 43.3 8.5 6.4%
Depth of water: 27 ft. 20 66.0 .. 70 43.2 - -
South wind.  Waves: 6 inches. 25 63.3 7.4 6.7 75 43.0 8.5 6.4*
' 80 43.0
T S ) [N PSS - . *These p H values of 6.4 were with Bromere- 90 42.8 8. 6.2
sol Purple. 100 42.6 8.0 6.2
COCHNEWAGAN POND, P.672. Surface | 77v 9.0 7.1
Monmouth Twp., IKennebec Co. 5 759N o c
Aug. 16, 12:15 to 12:45 P.M. 10 74.6 8.8 7.1
Station: near center of the pond. 15 74 .0 . .
Depth of water: 26 ft. 20) 71.5 e
South breeze. Waves: 3 inches. 24 R 7.2 6.6
25 65.6 .




TABLE II.

Water analyses — Continued

Lake, location, date, time, station,
water depth, ete.

TORSEY POND, P.678.

Mount Vernon Twp., Kennebee Co.

Aug. 24, 9:15 to 10:00 A. M.

Station: 1 mile south of north end of the
pond.

Depth of water: 44 [(t.

Northwest breeze. Waves: 3 inches high,

NARROWS POND (South part), I°.681.

Winthrop Twp., Kennchee Co.

Aug. 29, 9:20 to 11:00 A.M.

Station: 200 yds. off the middle of the
south shore.

Depth of water: 103 ft.

No wind or waves.

NARROWS POND (North part), 1682
Winthrop Twp., Kennehee Co.

Aug. 29, 1:00 to 1:40 .M.

Station: 1/3 mile north of the narrows.
Depth of water: 55 ft.

No wind or waves.

*wH valies of 6.4 were with Bromeresol
Purple

SNOW POND, P. 68,

Sidney Twp., Kennebec Co.

July 3, 9:15 to 10:45 A M.

Station: 1/3 mile northeast of Submerged
Island.

Depth of water: 109 t.

No wind or waves.

Depth | Temper-
in ature: |Oxygen:
feet °F. p.p.m. pH
Surface | 70.9u 7.8 7.0
10 70.9 7.8 6.9
20 69.1 2.4 6.6
23 61.2 0.4 6.2
25 59.0 - o
30 55.0 0.1. 6.2
35 52.5 0.0 6.2
40 51.8 0.0
42 5t .4
Surface 69 .11 0.2 7.0
5 69.1
10 68.9
15 68 .4 9.2 7.0
20 61.9 11.0 7.0
23 57.0 o .
25 h2.2 12.3 6.8
30 47 .8 1.2 6.6
35 44.6 - .
40 42.8 8.0 6.1
45 41.7 . -
50 41.2 7.5 6.2
55 41.0 o .
60 40.6 7.5 6.2
70 40.3 o o
80 40.3 7.0 6.2
90 40.1 o o
100 40.1 4.8 6.2
Surface | 70.2n 9.2 7.2
10 69 .1 9.2 7.2
15 (8.5 - .
20 62.2 10.5 6.6
25 51.4 9.1 6.4*
30 47 .1 7.3 6. 1%
35 43.9 AN R
40 12.8 €46 6.2
4h 42.6 L.
50 42 .4 2.7
Surface 60 .21 8.1 7.0
10 65.1 o ..
20 G4.2 7.2 6.8
30 64 .0 .. o
40 61.5 6.2 6.6
15 59.7 o o
48 57.6 6.2 6.4
50 534 5.5 6.3
55 449.3 6.4 6.2
60) 47.5
70 45.1 6.7 6.2
80 43.9 8.2 6.1
90 43.2 5.7 6.1
100 43.2 6.1 6.1

TABLE II.

Water analyses — Continued

Lake, location, date, time, station,
water depth, ete.

SNOW POND, P.698.

Sudney Twp., Kennebee Co.

July 23, 8:40 to 10:40 A M.

Station: 1/3 mile northeast of Submerged
[sland.

Depth of water: 107 ft.

No wind or waves.

"Il of G.3 «wilh Browmdhymol Blue.

SNOW POND, P.648.

Sidney Twp., Kennebee Clo.

Aug. 22, 8:30 to 10:00 A.M.

Station: /3 mile northeast of Submerged
Island.

Depth of water: 106 (1.

Northwest wind.,  Waves: 5 inches high.

SNOW POND, P.698.

Oakland Twp., Kennebee (o,

Aug. 22, 2330 to 3:30 P.M.

Station: I mile northeast ol Brown's
Island.

Depth of wuter:- 50 (t.

Southwest breeze. Waves: 3 inches high.

Yl of 6.4 with both Bromthymol Blue and
Bromeresol Purple.

Depth | Temper-
in ature: [Oxygen:
feet °p, p.p.m. pH
Surface 75.21 8.9 6.9
10 75.0 L. -
15 74.5 8.9 6.9
20 69.1
30 63.5 6.5 6.4
40 61.7 S ..
45 60 .14 6.2 6.4
50 56.1 6.2 6.3%
h5 531 6.7 6.2
60 46.8 6.9 6.0
70 44.2 7.1 6.0
80 43.7 6.8 6.0
00 43.6 A .
100 43.6 6.8 6.0
Surface 72.3n 7.8 6.8
10 72.7 .. -
15 72.7 7.6 6.7
20 72.7
25 72.3 . -
30 70.2 5.1 6.6
35 66 0 3.1 6.3
40 63.0 . o
45 61.2 2.7 G.2
50 60.1 . ..
55 52.3 4.4 6.2
60 48.6 4.0 6.1
65 47.7 - .
70 46.2 4.7 6.1
80 45 .0 1.0 6.0
90 14 .4 4.4 6.0
100 44 .1 4.2 6.0
Surfaee 73. 50 8.3 7.0
b 73.5 S ..
10 72.5 8.3 7.0
15 72.0 B o
20) 71.1 6.9 6.6
25 70.7 S o
30 08.0 3.4 6.2
35 60.5 3.1 6.2
40 57.6 0.9 6.0
45 50.9 0.0 6.4*
48 50.0 .

53




TABLE II. Water analyses — Continued
Depth | Temper-
Lake, location, date, time, station, in ature: |Oxygen:
water depth, ete. feet °F. p-p.m. pH
LONG POND OF BELGRADES Surface [ 63.1x 10.0 6.9
(South part), P.712. 10 62.6 . ...
Belgrade Twp., Kennebec Co. 20 62.6 9.9 6.8
June 27, 3:15 to 4:45 P.M. 26 62.2 . ..
Station: 1/8 mile northeast of Green 28 62.2 9.8 6.6
Island. 29 59.0 L L.
Depth of water: 97 ft. 30 56.3 9.7 6.4
Southwest breeze. Waves: 3 inches high. 35 53.2 9.7 6.2
40 51.1
50 47.1 9.6 6.2
60 44..6 Lo L.
70 43.9 9.6 6.2
80 43.3
94 42.8 8.8 6.2
LONG POND OF BELGRADES Surface | 76.61 8.9 7.0
(South part), P.712. 10 75.0 8.9 7.0
Belgrade Twp., Kennebec Co. 15 70.3 .. ca
July 23, 2:15 to 3:30 P.M. 20 66.3 S .
Station: 1/8 mile northeast of Green 25 61.7 8.9 6.8
Island. 30 58.3 7.7 6.4
Depth of water: 91 ft. 35 54.3 e Lo
Southwest breeze. Waves: 5 inches high. 40 52.2 7.7 6.2
45 50.7 . L.
50 48 .6 8.9 6.2
55 45.9 .. o
60 44.8 9.7 6.2
65 44 .2 L. L.
70 43.9 9.4 6.2
80 43.2 8.7 6.2
90 42.8 7.1 6.1
LONG POND O BELGRADIS Surface | 73.8= 8.5 7.0
(South part), P. 712, 10 73.0 8.5 7.0
Belgrade Twp., Kennebee Clo. 20 72.3 s .
Aug. 22, 2:30 to 3:45 P.M. 25 65.7 6.1 6.4
Station: 1/8 mile northeast of Green 30 58.8 5.5 6.2
Island. 35 55.0 o o
Depth of water: 97 ft. 40 53.2 5.7 6.2
Northwest breeze. Waves: 2 inches high. 45 50.4 . o
50 48.6 6.8 6.2
60 44.6 6.8 6.2
70 43.9 6.2
80 43.2 4.6
90 42.8 5.1
LLONG POND OF BELGRADIS Surface | 73.4u 8.7 7.0
(North part), P.713. 10 72.9 8.7 7.0
Rome Twp., Kennebec Co. 20 72.5 o o
Aug. 22, 4:00 to 5:00 .M. 25 71.1 7.7 6.7
Station: 14 mile west of inlet from Great 28 64 .0 6.6 6.4
Pond. 30 62.4 . e
Depth of water: 60 ft. 35 55.4 4.4 6.0
No wind or waves. 40 53.6 4.1 6.0
45 53 .4 L S
50 51.4 3.0 6.0
55 51.3 2.9 6.0

TABLE 1I1.

Water analyses — Continued

Depth | Temper-
Lake, location, date, time, station, in agny'e: Oxygen:
water depth, ete. feet F. p-p-m. pH -
GREAT POND OF BLELGRADES, Surface | 677 9.5 7.0
P.719. 10 ()Z .. S
elgrade Twp., Kennebee Co. 15 (?/ .. ..
June 27, 1937 3:00 to 4:00 P.M. 20 66 - 5
Station: 34 mile west of the tip of Allen 25 65 9.2 6.
Point. 27 63 s o
Depth of water: 34 ft. - :}f) f_)() 8 g 22
Strong south wind.  Waves: 1 it. high. zzz 2)(% 8.2 o4
GREAT POND OF BELGRADES, Surface | 66T 0.6 7.0
P.719. 5 66 .
Belgrade Twp., Kennebee Co. 10 66
June 28, 1937. 9:10 to 11:30 AM. 15 (3(1
Station: 200 yds. off middle of the north- 20 (35
east, shore of Hoyt’s Island. 22 ()E ..
Depth of water: 60 {t. ) 25 (3.) ..
Southeast breeze. Waves: 4 inches high. 27 65 ..
30 65 C ..
31 65 Lo ..
32 64 8.0 6.5
33 59 . ..
34 59 ..
35 59 .. o
40 58 7.9 G.4
45 57 .. .
50 56 7.7 6.3*
55 55 S o
58 55 7.3 6.3*
*p il palues of 6.3 weth Bromthymol Blue. 60 54 . 6.3*
GREAT POND OF BELGRADES, Surface | 66T 9.6 7.0
P19, 5 66 o S
Belgrade Twp., Kennehee Co. 10 (?G S o
June 28, 1937, 4:15 to 5:30 P.M. 15 ()6 Lo 7.0
Station: Y4 mile west of north end of 20 (3()
Hoyt's Island. 25 66 0t n
Depth of water: 59 ft. 28 1’3() 9.3 6.
South breeze. Waves: 6 inches high. 30 54 L. Lo
31 62 o
32 61 6.5
33 60 .
34 59 .. o
35 58 8.5 6.4
36 58 .. o
37 56 AN
38 55 C.
39 55 .
40 55 6.4
42 54 -
45 53 ..
47 53 ..
50 53 ..
55 52 S 6.: :
sl satues of 6.3 with Bromihymol Blue. 59 51 8.2 6.3




TABLE II. Water analyses — Continued TABLE II. Water analyses — Continued

Depth | Temper- ; i i Depth | Tenper- O
Lake, location, date, time, station in ature: |Oxygen: Luke, location, date, time, station, co o .
water depth, ete. ’ feet °F, p.};ﬁm‘ pIl water ﬂepth, ote. fect OF' br pHt
GREAT POND OF BELGRADES,  |Suface| 0310 | 9.9 | 6.8 NOIITL POND OF BELGRADES, | Surface) 70.0¢ ) 8.8 | 7.2
719 10 63.3 o] tomerset C i ' )
1}501{:1':;(710 {E‘Yﬁiytlign?gli)c% I(10. 20 63.1 9.8 7.0 f{':::"g!; lg %‘gv ‘}:)0,6%81(;1?&&’0 co. }; ggg 8.7 70
June 17, 12:30 to 2:30 P.M. 25 61.5 i tons 173 mile o ) ' N a
Stz}}ion: }/41 m‘ilie off southeast shore of 30 60.8 .. S H“f :,‘ﬁ;f}k 1/8 mile off mouth of Clear
~ Hoyt’s Island. 35 59.0 9.6 6.6 . . .
{)epth of water: 63 ft. ) 40 55.0 9.6 6.5 !\;( p&}; of ?%ﬁer}elg\f)&.wc«. 3 inches high
Southwest breeze. Waves: 7 inches high. 45 53.3 9.6 6.5 nortiwes cone. avess - nes igh-
50 52.7 9.6 6.4 -]
55 H2.3 9.6 6.4
i oLy AST POND OF BELGRADES, P.724. | Surface | 64.61 9.6 6.8
» UERN tnmkland Twp., Kennebec Co. 5 64.4 e e
e R June 28, 2:45 to 3:10 P.M. 10 64.0 9.6 6.8
e R Station: 1 mile north of south end of the 15 63.6 9.6 6.8
GREAT POND O BELGRADES, | Swface | 70.8¢ | 9.3 | 7.0 pond and 200 ft. off the point on the B | e A
10 73.6 ‘ ter: 95 ' v B '
Belgrade Twp., Kennebec Co. 2 3 9.: 7 l?cpth of water: 25 ft. 9 i
July 22, 10330 A M. $0 1:30 1M 2 | 640 VAT Northwest breeze. Waves: 2 inches bigh.
Station: 14 mile off southeast shore of 30 63.0 7.8 6.6 — —— e
Hoyt's Tsland. 35 61.9 6.0 6ol - N
Depth of water: 69 ft. 40 60.1 6.7 6.4 AQ - o I (3 e . o :
Southwest breeze. Waves: 4 inches high. 45 59.0 6.4 6.2 Sllglbtr}ll‘ﬁgglr\igp()]:q()l];];f,{.:&n(éo] S, P72, Smfsd(c ;igﬂ ésgg gg
P ard 5.9 6.0 July 24, 11:25 t0 11:55 A.M. 10 748 8.9 6.8
> 2090 3.0 6.0 Station: 14 mile northeast of center of the 15 74.8 8.9 6.8
60 54.7 5.6 6.0 pond. 20 69.4 8.9
65 53.8 o o Depth of water: 27 ft. 25 68.2 4.9
- T - - Southwest breeze. Waves: 4 inches high.
GREAT POND OF BELGRADES, Swface | 73.0n | 8.4 | 7.0 R
P.714. 10 73 .4 TAQ > " BELG IS, PUTE Jurfac p 5.8
Belgr:‘uie Twp., I\"cnn(sbf}c Co, 20 73 .4 7.9 7.0 E}ﬁir}fﬁcllifl'\{{g )()I:;()};I('jk((:tné\ol)lm\ P.724. buri;;me '% ‘8“ 8.7 6.8
1'\11;5._ 21, 5]’2!)() ;.\.1\/[. to 12:00 Noon. X 25 73.2 L L ’,\u 29 1().0(}&)‘10.'{5 LA) M ’ Ib 72() 87 (58
btﬂ:)(;)ts I%IIL:::%( off southeast shore of ‘§9 ;ﬁ;g 71 6.8 Sta,%iong ‘%'mile nor't'heasi; of center of the 15 71.8 8.7 6.8
5 Isld - 30 . p
Depth of water: 67 ft. ) 35 63.9 3.6 6.2 l)p(f}lld("f vater: 26 ft ég e gg gg
Strong northwest wind.  Waves: 16 40 61.0 3.8 6.2 °p 3 :j wa c ; ,7) ’ 25 71.6 ) -
inches high. 45 59.0 3.8 6.1 No wind or waves. - B o -
50 58.6 3.6 6.1 e —
55 57.9 3.1 6.0
8(5) E?Z 3.0 6.0 SALMON LAKE, P.725. Surface | 64.4n 9.8 7.2
0b.¢ . : Belgrade T'wp., Kennebec Co. 10 63.3 9.8 7.2
S June 29, 2:00 to 3:15 P.M. 15 63.3 . s
T T Station: 1/3 mile east of the outlet. 20 62.6 9.8 7.1
. f . oK o s
NORTH POND OF BELGRADIN, | Suface | 62.96 | 9.7 | 6.9 Nepth of water: 570t @ ves % | 6% S I
720. 5 62.9 9.7 6.9 ' " : ' 5.
Smithfield Twp., Somerset Co. 10 62.9 9.6 6.9 50 5?'(4) 9.0 6.6
June 28, 1:00 to 1:45 P.M. 15 62.6 9.6 6.9 :5(5) §0'7 7.9 6.4
Stzllgtion]:( 1/3 mile off mouth of Clear 17 62 .6 9.5 6.8 i() 29'6 7.3 6.4
rook, E: .' :
Depth of water: 20 ft. 1 ig 3 w0 04
Northwest brecze. Waves: 6 inches high. 50 8. o a
57

56




TABLE II. Water analyses — Continued
Depth | Temper-
Lake, location, date, time, station, in ature: |Oxygen

water depth, ete. feet pH

SALMON LAKE, P.725. NSurface | 74.1x 9.0 7.2

Belgrade Twp., Kennehec Co. 10 74.1 o o

July 24, 9:00 to 10:00 A.M. 15 73.0 9.3 7.2

Station: 1/3 mile east of the outlet. 20 70.5 9.6 7.2

Depth of water: 50 ft. 21 68.3 .

Southwest breeze. Waves: 3 inches high. 23 64 .4 S C

25 62.6 9.6 6.8

30 57.9

35 54.3 5.8 6.4

4 52.5 5.0 6.4

45 51.4 3.7 6.2

50 51.4

SALMON LAKE, P.725. Surface | 74.1u 8.8 7.2

Belgrade Twp., Kennebee Co. 10 74.1 8.7 7.2

Aug. 21, 2:00 to 3:00 P.M. 15 74.1 ... L

Station: 1/3 mile east of the outlet. 20 73.8 8.8 7.2

Depth of water: 50 ft. 25 73.6 . ..

Strong northeast wind.  Waves: 16 26 73.0

inches. 27 66.2 6.1 6.6

28 63.3 6.0 6.7

30 60.3 6.3 6.6

35 55.6 1.6 6.2

40 52.9 0.2 6.2

45 52.2 0.1 6.2

50 52.2 .

McGRATH POND, P.726. Surface { 74.1n 8.4 7.2

Belgrade Twp., Kennebec Co. 10 74.1 8.3 7.2

Aug. 21, 3:30 to 4:00 P.M. 15 74.1 8.3 7.2

Station: 14 mile north of the outlet into 20 73.9 8.4 7.2

Salmon Lake. 25 73.4 8.4 7.2
Depth of water: 27 {t.
Strong northwest wind.
Waves: 16 inches high.

CLEARWATER POND, P.815. Surface | 69.6% 9.3 7.0

Industry Twp., Franklin Co. 10 69.1 . R

Sept. 3, 10:15 A. M. to 12:00 Noon. 15 69.1 9.3 7.0

Station: 200 yds. off the middle of the 20 67.5 S ..

west shore. 25 65.5 10.4 7.0

Depth of water: 89 ft. 28 60 .4 C o

Southwest breeze. Waves: 2 inches. 30 54.7 13.2 6.8

35 50.2 12.6 6.8

40 47.5 L. C

45 45.9 11.1 6.5

50 44 .1 AN L.

55 43.9 10.4 6.4

60 43.2 L ce

70 42.8 9.6 6.4

80 42.3 D .

85 o 9.1 6.4

87 42.1 . .

58

WILSON POND, P.833.
Wilton P'wp., Franklin Co.
Hept. 3, 2:30 to 4:00 P.M.

Depth of water: 88 ft.
Norlhwest breeze.

HANDY POND, P.883.
July 27, 3:00 to 3:45 P.M.

Depth of water: 40 ft.
Northwest breeze.

ITancock Stream.
Depth of water: 150 ft.
No wind or waves.

TABLE 1I. Water analyses — Concluded
Depth | Temper-
Lake, location, date, time, station, in ature: | Oxygen:

water depth, ete. feet °F. p.p.m. pH
Surface | 69.8u 9.5 7.0
10 68.2 9.5 7.0
15 64.9 9.2 6.8
titntion: near the center of the pond. 20 63.3 . ..
25 60.1 5.8 6.0
Waves: 3 inches. 28 57 .4 - e
30 53.6 6.6 6.0
35 51.3 ce -
40 48.7 7.1 6.0
45 47.7 . ...
50 46.8 7.6 6.0
60 45.3
70 45.0 5.1 5.8
80 45.0 . ..
85 45.0 5.0 5.8
Surface | 77.41 8.4 6.8
Iimbden Twp., Somerset Co. 5 76.4 .. .
10 69.2 8.3 6.6
Station: 14 mile west of the outlet. 15 50 .4 e .
o ; 20 54.7 5.7 5.9
No waves. 25 49.6 ce S
30 48.6 3.2 5.6
35 18.2 2.6 Ve
40 48.2 .. 5.6
IKSMBDEN POND, P.887. Surface 76 .61 $.9 6.9
limbden T'wp., Somerset Co. 5 76.6 S Co
July 27, 10:00 A.M. to 12:15 P.M. 10 ZS.O C. ...
Station: 1/5 mile off cast shore, opposite 15 75.0 S A
20 73.0 9.1 6.9
25 61.3 o e
30 53.6 10.8 6.6
35 48.2 . N
40 46.5 .. .
50 45.7 11.1 6.6
60 44.8 . e
70 44 .1 o ...
80 43.3 9.3 6.6
90 42.8 ca Cas
100 42.6 N .
110 42.6 11.7 6.5
120 42.6
130 42.6 o ..
140 42.6 11.3 6.4
150 42.6 Ce .
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TABLE ITI. An evaluation of the ponds with respect to the suitability of temperature and of dissolved oxygen
content of the water for trout or salmon during the most critical, late-summer period

How much of pond is. and is not, available to trout or salmon during
most critical late-summer period*
Volume of water Area of bottom
_ I _ S SO
! Acre feet & of total Acres % of total
. Pond | - —
Name of pond number | | i ; i
; = = : g |
: g g — E o » O 5
g‘:v—' ‘5'5 EL. - § ;.-_ | :E E o i | “'.:.‘ :g[
Z 8o 3 X5 g5 = - @ i So -1
4= oy °s3 = Zu 3= = i g ENEE
s o © = b | = Q LD~ =3 o~ &
g5 ¢ =T B2Y £§52 1 =4 57¢ 2z T 5
Sg8 =38 BEg | 2g8% ) 22 2£ 2= £2 H
a3 mEs =S E D:??l =E s EE | g3 | =24
Sabattus Pond 389 | 21,569 0 0 100 0 0 1.787 o i o | 100 0
Taylor Pond 392 8,124 557 2,340 74 1 3 21 327 | 48 | 235 | a1 a1
Lower Range Pond 308 | 3,723 597 432 78 | 13 9 135 | 68 §7 . 47 23 30
Middle Range Pond 400 5,310 5,917 0 47 53 o | 137 220 | 0 37 63 0
Upper Range Pond 101 4,875 3,637 0 57 13 0 128 263 | 0 33 | 67 | o0
Hogan Pond 403 1,023 0 0948 67 ) 33 76 | 0 101 . 43 o | a1
Whitney Pond 404 2,171 211 0 91 9 0 99 1. 0 ) 58 42 0
Tripp Pond 108 8,583 0 2.297 84 0 22 113 0 | 36 61 0 T
Thompson Lake 109 ¢ 91,133 107,987 0 7| 53 0 1,285 [3.141 0 | 29 o0
Pennesseewassee Lake 9 2,254 1,593 78 13 9 153 274 B 195 © 49 30 - —_;T‘A
Twitchell Pond i 438 248 76 15 . 9 91 ' 29 1 35 60 18 22

Srvant Pooa 27 4,75 SN 3.208 33 ] B N = T s -

Auburn Lake 128 | 48,386 | 42,123 0 53 47 o | 77t EETE
Allen Pond 437 | 2.026 | 863 156 67 | 28 5 00 o Y

Pleasant Pond 43 | 2,582 1.685 56 59 | 40 1 70 91 13 | 40 | 53 T
Androseoggin Lake 164 | 52,783 o | o 100 0 5826 | o0 | o li1o | o 0
Pocasset Lake 1 16 . 802t | o 0 100 o | 0 o a7 . o | 0 1100 0 0o
Lovejoy Pond | 470 | 4642 0 0 100 0 66 | 0 0 | 100 0 o
Echo Lake 472 | 14,176 | 18.08¢ | 2891 ' 4 | 3 10 339 519 103, 32 58 0
Parker Pond 174 | 28,653 5,626 9.718 63 3 22 600 710—§ N :L
David Pond 476 | 3,000 0 23 90 0 7 264 0 | 49 | e 0 17

Tilton Pond 478 1,131 0 738 61 EREEI 349 0 51

Flying Pond 481 | 4,390 3,613 288 53 14 ‘ 3 130 204 26 36 | a7 T
Worthley Pond 199 | 5,067 | 2,720 588 61 | 29 7 113 133 108 . 32 38 30

Webb Lake | 503 | 44,540 2,509 7,672 80 5 14 895 181 1,000 | 42 7 5L
Silver Lake 515 8,074 309 o | % L0 s 10 0 96 « | o
Garland Pond 516 1,677 1,157 | 370 76 | 18‘? 6 128 | sl 88 13 27 30

North Pond 3.4 | o0 166 o5 | 0 | 5 . =22+ o | 1 8 | 0o | 1
South Pond 4,527 3,100 0 59 | 41 o 111 173 0 39 | 61 o
Purgatory Pond T 659 | 6.070 0 1818 |, 77 | o | 23 . 226 , o 160 6835 | 0 7
Sand Pond | 660 . 2,520 | 1,871 63 57 | 42 1 71 9 | 10 . 40 1 b 6
Cobbosseccontes Lake | 668 | 100,242 | 11.380 | 66.128 50 6\ 35 145 108 sse2 | 28 . 7\ &
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TABLE III. An evaluation of the ponds with respect to the suitability of temperature and of dissolved oxygen
content of the water for trout or salmon during the most critical, late-summer period — Concluded

How much of pond is, and is not, available to trout or salmon during
most critieal late-summer period*

Volume of water Area of bottom
Acre fest % of total Acres % of total
Name of pond nﬁ&n}ir B | ) T T
! g g g o
7. | ~.§ g g . ;;_é g g . :E g g . NE g
iR o O LEE LER -8 LES L ER e ~EE LER | o8 =
| 585 | HBF | %@ |S535 | 5EE | S%%) 582 | 58% | 5EE | SE3 | 58 |8ss
Annabessacook Lake 871 25,115 632 1,660 92 2 1,068 71 281 75 5 20
Cochnewagan Pond 672 7,438 0 0 100 0 0 385 0 0 100 0 0
Wilson Pond 673 8,928 0 2,193 80 0 20 305 0 269 53 0 47
Dexter Pond 674 088 0o | 21 ! 80 0 20 70 0 50 58 0 42
Berry Pond 875 1,270 155 185 i 79 10 11 106 24 40 62 14 24
Maranacook Lake 676 | 27,108 | 13,003 0 ¢ e7 33 0 1,218 455 0 73 27 0
Torsey Pond 678 8,551 0 1,908 $6 0 19 550 0 248 71 0 32
Narrows Pond i B
South Part 681 | 4,154 5,630 | 60 12 57 1 66 200 12 24 72 4
North Part 682 3,700 2,625 575 5t 38 8 $0 101 78 31 | 39 30
Snow Pond | 69 1 77,600 | 0 { 32,688 70 0 50 | 1,765 o 1,745 50 l 0 50

Long Pond of Belgrades : 1 ] [‘1 X .

South Part 712 1 25,008 ‘ 10,921 114 69 N S I 728 20 | 46 5B 1

North Part 713 | 27,999 . 4,625 | 5,310 74 12 fie 1 519 305 514 39 23 38
Great Pond 719 | 144,432 0 §17.140 . 89 ) ‘ 11 6,58 | o0 |1.650 80 0 20
North Pond 720 | 28.203 ‘ o | 0 0w | o0 o0 21 0 w00 jf)‘_ o
ast Pond | 72 25662 o 0 W, 0 0 705 0 0 100 0 0
Salmon Lake ECH N O T IR 265 | 40 | o2 47 7 46
MeGrath Pond 726 8.207 | o | 0 wo | 0 0 1 488 0 0 ¢ 100 0 o
Clearwater Pond 815 | 14,967 | 22,181 | 0 40 80 | 0 | 139 612 0 19 81 0
Wilson Pond | s33 7,053 | 6,405 | o—; 52 | 48 _'f_o [ ag1 | 230 *j;()‘ o |0 o
Sandy Pond | ss3 1,068 | 368 | 400 58 . 20 |22 . 35 21 51 33 19 B
Embden Pond 887 1| 31,985 | 50,843 i o i 39 61 ‘ o 307 11,240 0 20 | 80 ;; 0

*Based on depths above which water is too warm (above 70°F.) and below which oxygen is deficient (less than 5 p.p.m.) for trout and salmon.
Note overlap of the upper warm-water laver with the lower oxygen- deficient layer in Tripp. David. and Torsey ponds.




those besides the eight shallow ones, were deep enough to maintain
a well-defined thermocline; in other words, the warm water did not
extend to the bottom at the greatest depth. Oxygen deficiency (less
than 5 p.p.m.) in these 45 lakes extended upward from the bottom to
different degrees in the various lakes. In 10 lakes there was no oxy-
gen deficiency (below 5 p.p.m.) at all in the deepest water; in five
other lakes therc was only a relatively small stratum of the deepest
water so affected. In 26 of these 45 deeper lakes, oxygen deficiency
had extended upward to affect adversely not more than about half of
this deep water; but in 19 of these deeper lakes oxygen deficiency had
extended upward to nearly meet, just meet, or surpass the lower
limit of the warm-water layer.

The application of these data on the depths at which changes in
the temperature and dissolved oxygen become critical to trout and
salmon, in the calculation of water volume and bottom area in each
of the three important zones of vertical stratification (upper and warm
layer, middle layer suitable for trout or salmon, and lower layer with
a deficiency of dissolved oxygen), has given a presumably more accu-
rate picture of the importance of these factors. The calculated water
yolumes in acre feet and by per cent, and the calculated bottom arcas
in acres and by per cent, for those zones present in each lake or pond,
are given in Table III; these same data, by per cent only, are repre-
sented graphically on the individual maps of each lake, sce Iigures 7
to 51. It should be noted that in the 8 shallow lakes with warm
water extending to the bottom, all water volume and all bottom arca
are, of course, included in the “Upper: warm, non-trout’” zonc. A
division of the 53 lakes and ponds on the basis of the suitability of the
water for trout and salmon includes:

Water warm to the bottom throughout all depths ......... 8 lakes and ponds.
and the 45 deeper lakes and ponds may be divided on the basis of
?Xﬁfg(m deficiency in deep water roughly into three categorics, as

ollows:

No oxygen deficiency, or almost none; practically
all water with more than 5 p.p.m. of dissolved
OXYECIL. . ottt ittt 16 lakes and ponds.

Partial oxygen deficiency; about 14 to 34 of the
deep water with more than 5 p.p.m. of dissolved

OXYEEN .. .. 12 lakes and ponds.
Extreme oxygen deficiency; less than 5 p.p.m. of
oxygen is most or all of the deep water. ... ... ... .. ... 17 lakes and ponds.

The dividing line between the above class of shallow lakes and the
three classes of deep lakes is not sharp. In fact, all of the lakes could
be arranged in a serics on the basis of water depth, and they would
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runge quite uniformly from one extreme to the other. Several lakes,
which are included in the above classification of deep-water lakes, are
(uite intermediate in depth, cither because they are generally shal-
low or because they have only moderately deep water over a very
limited area. Such ponds, marginal on the basis of depth, include
Whitney, David, Silver, North Pond in Woodstock, Annabessacook,
Torsey, and Great Pond of the Belgrades, in all of which the upper
warm-water layer during August ineluded over 85 per cent of all
water in the lake; actually these lakes are so shallow that for all
practical purposes they might better be included with the 8 ponds
classed above as of the shallow type. Several other ponds were rela-
lively quite shallow with at least 75 per cent of their water volume
included in the upper warm-water zone, namely: Lower Range,
T'witchell, Garland, Berry, and Dexter ponds, Wilson Pond in Mon-
mouth, and Pennesscewassee, Webb, and Salmon lakes.  The degree
to which any good trout or salmon water might be maintained in
these relatively shallow ponds during late summer is closely depen-
dlent on the amount of oxygen deficiency in what little cold water re-
mains during late summer.  In general, most lakes of this type are
poor, or at best only fair, trout or salmon lakes. The preceding elassi-
lication of the 45 deeper lakes into three categories on the basis of the
amount of dissolved oxygen in the deep water also involves certain
difficultics beeause the dividing lines are not sharp; and all of these
waters could be arranged in a graded series from one extreme of oxy-
gen depletion in deep water to the other extreme. There were sev-
cral lakes with no oxygen depletion (i.e., oxygen below 5 p.p.m.) in
deep water, such as Thompson, Auburn, South, Clearwater, and
mbden; several of the deeper ponds had only a slight amount of the
deepest. water with less than 5 p.p.m. of dissolved oxygen, such as
Pleasant, ¥lying, and the south part of Narrows Pond. In all of
these ponds with very little or no oxygen deficieney, between 40 and
61 per cent of the total water volume was included within the trout
and salmon zone, and oxygen depletion had affected only from 0 to 3
per cent of the total water volume. In some ponds, such as Allen,
Worthley, and Garland, from 15 to 30 per cent of the total water
volume was included in the trout and salmon zone, and oxygen deple-
tion had affected only from 5 to 10 per cent of the total water volume.
Only from 5 to 15 per cent of the total water volume remained in the
trout and salmon zone in Salmon, Long Pond (north part), Berry,
(lobbosseecontee, Webb, Parker, Bryant, Twitchell, Pennesscewas-
sce, Lower Range, and Taylor; and in these ponds oxygen deficiency
had affected from 9 to 37 per cent of the total water volume. In 11 of
the deeper ponds oxygen deficiency, together with the effect of the
upper warm-water layer, had completely eliminated the trout or
salmon zone by late summer, namely, Hogan, Tripp, David, Tilton,
North Pond in Woodstock, Purgatory, Wilson Pond in Monmouth,
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Dexter, Torsey, Snow, and Great Pond of the Belgrades. In three of
these ponds, namely, Tripp, David, and Torsey, oxygen depletion
was so extreme that its effect extended upward above the thermocline
to overlap with the warm-water zone.

As a summary of this discussion on the suitability of the water of
these 53 lakes and ponds for trout and salmon, these waters may be
classified on the basis of the rclative amounts of water and bottom
area in the trout or salmon zonc during late summer into the follow-
ing categorics:

Excellent trout or salmon water, with at least 40 per cent of the entire
volume of the lake within the trout or salmon zone; 13 lakes and
ponds: Middle Range Pond, Upper Range Pond, Thompson Lake,
Auburn Lake, Ticho Lake, South Pond in Greenwood, Clearwater
Pond, Wilson Pond in Wilton, Iimbden Pond, Pleasant Pond, I'ly-
ing Pond, Sand Pond of Tacoma Lakes, and the south part of
Narrows Pond. Total arca of these lakes is 12,558 acres.

Good trout or salmon water, with from 25 to 40 per cent of the water
volume within the trout or salmon zone; 5 lakes and ponds:
Maranacook Lake, south part of Long Pond of Belgrades, north
part of Narrows Pond, Worthley Pond, and Allen Pond. Total
area of these lakes is 3,845 acres.

Fair trout or salmon water, with 10 to 25 per cent of the water volume
within the trout or salmon zonme; 9 lakes and ponds: Garland
Pond in Byron, Sandy Pond in Embden, north part of Long Pond
of Belgrades, Lower Range Pond, Penncsseewassce Lake, Twitcehell
Pond, Bryant Pond, Parker Pond, and Berry Pond. Total arca
of these lakes is 5,170 acres.

Poor trout or salmon water, with 5 to 10 per cent of the water volume
within the trout or salmon zone; 5 lakes and ponds: Taylor Pond,
Whitney Pond, Webb TLake,* Cobbosseecontee Lake, and Salmon
Lake. Total area of these lakes is 9,046 acres.

No good trout or salmon water, or practically none, with less than 5
per cent, and mostly none, of the water volume within the trout or
salmon zone. Included are 13 lakes and ponds, decp enough to
maintain a thermocline, but with oxygen deficiency, namcly: Ho-
gan Pond, Tripp Pond, David Pond, Tilton Pond, Silver Lake,
North Pond in Woodstock, Purgatory Pond, Annabessacook Lake,
Wilson Pond in Monmouth, Dexter Pond, Torsey Pond, Snow
Pond or Messalonskee Lake, and Great Pond of the Belgrades.
The total area of these lakes is 17,556 acres. Also included are 8
shallow lakes and ponds in which warm water extended to the
bottom in the deepest water, namely: Sabattus Pond, Androscog-
gin Lake, Pocasset Lake, Lovejoy Pond, Cochnewagan Pond,
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North Pond of the Belgrades, Fast Pond of Belgrades, and Me-
(irath Pond. The total area of these lakes is 11,257 acres. The
total area for the 21 lakes in this category is 28,813 acres.

The above classification represents the first step in an evaluation of
the suitability of the water in these lakes and ponds for trout and
snlmon. This classification is made on the basis of volume of water
within the trout and salmon zone, but this classification is also gen-
crally applicable to the amount of bottom arca, for the amount of
water volume and the amount of bottom arca within this zone were
mostly in the same proportion. The same difficulties were encoun-
tered in the above classification of these lakes, as based on the volume
of water in the trout and salmon zone, as would be encountered in
dividing any graded scries into groups.  There were numerous border-
line cases, as follows: Pleasant Pond had 40 per cent of thq total
water volume and 53 per eent of the total bottom arca within the
trout and salmon zone; for Sand Pond these same figures were 42
and 54, respectively; and for licho Lake they were 43 and 58. These
were among the lowest figures for ponds classified in the above as
“excellent’” trout and salmon waters. The best of the ponds classi-
fied as “good” trout or salmon waters included Narrows Pond (north
part) for which the figures were 38 and 39, and ]A.)llg_); Pond (south
part) for which the figures were 30 and 53. The differences between
the poorer of those classified as “exccllent” and the best of those
clagsified as “good” were no greater than the range among the ponds
classed as “excellent’” or the range among those classed as “good.”
Similar discrepancies are present between the classes of “fair” and
“poor.”  The poorest among those classed as “fair” were: Bryant,
10 and 9; Pennesscowassce, 13 and 30; Twitchell, 15 and 18; Parker,
13 and 13; and Berry, 10 and 14. Among those classed as “poor’”
were: Webb, 6 and 7; Cobbosseecontee, 6 and 7; and Salmon, 6
and 7.

The above classifieation of the lakes and ponds on the basis of the
suitability of the water for trout and salmon takes into account only
the characteristics of the water itself. In cvaluating lakes and ponds
for their ability to support trout and salmon, and for the degree to
which the waters should be stocked with these fishes, other factors
must be considered such as the amount of competition afforded by
other specics of fishes, the abundance of the food supply, and the
suitability of the spawning grounds. (Scc page 218, on “Stocking
Recommendations.”)
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PLANKTON OF THE LAKES AND PONDS*

Lake water contains enormous numbers of microscopic animals
cither free-floating or which have such g weak |
power of locomotion that their swimming activities are mostly inef-
This population of small
and free-floating animals and plants is collectively referred to as !
The individual organisms of the plankton are referred to 1
The larger plankters may §
water through a fine-meshed cloth, and 1
silk bolting cloth |

and plants which are
fective against usual currents of water.

plankton.
as planktonts, or preferably as plankters.
be collected by straining lake
such organisms collected by plankton nets of No. 20
constitute the “net plankton.”

The casual observer on a lake is usually not aware of the presence
of these plankton organisms even though therc may be several thou-
sands of individuals per cubic foot in the surface layer of water. A
closer than average serutiny of lake water reveals, to the unaided eye,
many of the larger and more active plankters such as the water fleas,
Occasionally in some Maine lakes somo speeies of plankton algae be-
come so abundant as to greatly change the color of the water to a pale
green. During such “algae blooms” the algae may collect in a scum
on the surface or be blown up in small wind-rows along the shore
line. Some of the animal plankters, also, occasionally become ex-
tremely abundant.

The plankton, within itself, is a complex community of dozens of
individual species of animals and plants. The algac manufacturé
their own food from inorganic substances, and the animal plankters
feed mostly on the plant forms. Thus there i8, within the plankton,
the beginning of a food chain which leads to the important food and
game fishes of our lakes. The plankton and the bottom fauna (see
next section of this report, page 82) are the two important basic sources
of food for lake fishes. The young individuals of most fishes and the
adults of some of the smallor species of fishes, including small smelts,
feed mostly on plankton, and particularly upon the water fleas (cope-
pods and cladocerans). The larger game fishes in many Maine lakes
feed mostly on smelt and other small fishes, and are therefore indi-
rectly dependent mostly upon the plankton.

There are some plankton organisms present in lake water at all
times, but the total quantity of plankton varies considerably with
the season. In most temperate lakes, maximum plankton production

* This report on “Plankton of the lakes and ponds” is by Mr. Harry A.
Goodwin, a William Converse Kendall Fellow in fisheries research in the Graduate
School of the University of Maine.
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occurs during spring and autumn, and minimum plankton popula-
tions occur during late summer and late winter. The plankton popu-
intion also varies greatly with depth of water, and the greatest quan-
lily of plankton usually is found near the surface.

The present account of the plankton of .the .Iakes and ponds studied
hy the 1940 survey is based on an examination of samples collected
with a Birge Closing Net of No. 20 silk bolting (;loth. Samples of
plankton were collected mostly at only one station on eacl_l lake.
On 8 lakes samples were collected at three separate dat.es during the
summer. On all exeept one of the lakes at least one series ofwsamples
was collected during late summer, mostly during August. The sam-
pling was done at the same time (mostly botyveen 9 A M. and 5 P.M.)
and station where tests on temperature, dissolved oxygen, and pH
were made. The locations of these stations are described in Table IV
and are indicated on Figures 7 to 51. The plankton net was drgwn
vertically upward through a chosen depth range, and at most stations
through the following depth ranges: 15 feet to the surface, 35 feet to
15 feet, 75 feet to 35 feet, and from the bottom up to 75 feet. The
depth range of the lowest haul in certain lakes yarled from the gbove
figures, depending upon the maximum depth of water. The net was
hauled at the rate of approximately onec-half meter per second, ar}d
the coeflicient of the net was figured at 1.25; the Vo!ume of water in
the sample column was multiplied by 1/1.2 to obtain the volun}e 9f
water which passed through the net. Two net hauls were made within
cach depth range at each station. The plankton samples were pre-
served in 5 per cent formalin.

Laboratory analysis of the plankton samples included a detgrmma—
tion of the total volume of all plankton, counting of the organisms by
major groups, and an identification of the organisms mostly to gen-
cra.  Iach field sample was diluted or condensed to 100 c.c.  The
sample was allowed to settle for at least 24 hours in a graduated glass
tube with tapered bottom, and the volume of the plankton was read
to the top of the mass as it had settled to the bottom of the tube.
Counts of plankters were made in a Sedgwick-Rafter cell (20 x 50 x 1
mm.). Counts were made on the total number of Cladocera and Qope—
poda in ten of these one-c.c. samples. For other plankters, a single
one-c.c. sample was used; and ten separate counts were made of the
organisms in a total of 0.01 c.c. of the sample, ea‘cl} of these ten counts
covering one square millimeter or one cubic millimeter. These vol-
umes and counts were used as a basis for ca,lculating the average vol-
ume of all plankton, and the average numbers qf dlffercfnt types and
of all plankters, per cubic foot of lake water within the different depth

“ i i J : te of
b The efficiency factor of 1.2 for this type of plankton net hauled at the ra

14 meter per se(}z’ond was given by Kemmerer, Bovard, and Boorman, 1923; see
page 65,
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TABLE IV. The average numbers of different types of plankters, and the average volumes of all plankton,
per cubic foot of lake water within different depth strata in the lakes and ponds, as calculated
from survey collections

Average number of plankton organisms
per cu, ft, of lake water
In thousands — add ,000
Average ) _
Depth vol. of 5 &
Name of Date: 1940 range plankton © A P ”
Lake or Pond Time: of per = a 3 8= ° gs g
A=A M. sample cu. ft. 4§ ag s | 5o 23 g S8 £
P=P.M. in ft. of lake = gw 2 g T (£8| 8% | 5% =22 <
water, 25 R 3 8 = B! £ =8 g% S
: Q35 = b=1 Py = £= 2 = oo =
in c.c. 23 X bS s 5 28 == 3 =5 —
SE |BE | @ | & | § |/Z | 8E ] &2 s 2
Sabattus June 21 15-0 1.33 773 412 28 389 886 14 1,319
2:00 P
- Taylor Aug. 22 15-0 0.52 915 346 5 9 9 25
=) 10:00 A 35-15 0.07 174 53 4 4 18 . 25
Lower Range Aug, 21 15-0 0.33 346 261 19 33 .. 57
1:00 P
Middle Range Aug. 10 15-0 0.81 716 166 .. 2656 66 114 .. 446
1:00 P 35-15 0.11 163 82 .. 7 4 53 .. 64
56~35 0.07 78 60 7 18 .. 25
Upper Range Aug. 10 15-0 3.32 427 194 9 5 5 379 38 .. 437
3:30 P 30~15 0, 28 118 43 .. N 3 14 62 .. 81
Hogan Aug. 21 15-0 0.14 469 62 .. 85 .. .. .. 14 .. 100
10:30 A 25-15 0.21 177 50 .. 43 .. .. .. 28 21 92
Whitney Aug. 21 15-0 0.37 412 118 5 33 .. .. . 66 .. 105
11:00 A
Tripp Aug. 9 15-0 0.43 739 346 5 .. .. 5 5 403 .. 418
3:00 P 25-0 0.23 434 192 3 3 .. .. .. 104 .. 110
Thompson Aug. 20 15-0 1.42 213 180 9 38 5 .. 53
. 12:30 P 35-15 0.18 333 7 7 .. 18 .. 32
75-35 0.12 137 2 .. .. .. . .. .. 4
9575 0.14 99 21 . 4 .. ‘. .. .. .. 4
15~0 0.95 398 76 14 .. .. 9 47 14 .. 86
_ 0. . . 21 .. . . | ) g
e — L 3 = - T
T = - &5 | -
Ywiczel 15 3.4 122 52 B e : 0 =
35-15 0.07 235 1 kS ES T
Bryant 15-0 3.55 370 867 24 171 .. 9 52 90 24 371
35-15 0.21 99 92 14 .. 4 4 28 . 30
Auburn 15-0 0. 66 791 308 5 265 271
35-15 0.14 411 32 4 96 100
75-35 0.05 156 62 2 5 7
95-75 0.07 110 43 4 7 11
July 24 15-0 0.43 441 332 5 38 43
10:45 A 35-15 0.11 305 74 4 14 25
75-35 0.09 758 20 2 3
100-75 0.08 186 17 8 9
Aug. 22 15-0 0.19 275 133 9 5 3 14 .. 34
12:30 P 35~15 0.25 209 35 .. 4 4 28 .. 36
75-35 0.05 483 7 2 .. 2 .. 4
100-75 0.06 158 3 3 .. 6
Alleﬁ Aug. 16 15-0 1.42 209 270 14 5 100 14 .. 133
10:30 A 35-15 0.18 35 28 4 4 14 25 ‘e 46
- Pleasant July 8 15-0 0.28 403 493 14 9 9 185 .. 219
— 12:15 P 35-15 0.18 28 440 7 4 4 35 . 50
60-35 0.11 17 166 3 3 14 .. 20
July 23 15-0 1.42 393 479 . 47 38 213 261 .. 560
5:30 P 35~15 0. 60 121 699 7 4 .. 37 156 .. 224
60-35 0.11 20 211 6 e .. 17 .. 23
Aug. 17 15-0 0.19 256 156 3 5 28 47 .. 86
9:00 A 35-15 0.11 43 78 . 7 . e .. 85 .. 92
60-35 0. 06 25 17 3 .. . .. 3 25 .. 31
Androscoggin Aug. 26 15-0 0.28 768 2356 .. 14 .. e .. 19 5 39
10:00 A 25-15 0.21 213 30 .. 7 .. . 7 121 .. 135
Pocasset Aug, 26 15-0 0.19 327 142 5 5 47 19 76
11:156 A
Lovejoy Aug. 26 150 0.19 289 128 9 5 . 19 5 38
12:30 A
Echo Aug. 24 15-0 0. 38 678 223 3 14 9 47 5 81
12:00 M 35~15 0.07 330 213 7 .. . 21 .. 29
75-35 0.04 265 9 .. 2 2 7 11
100-75 0. 06 118 28 3 3 3 6 14
Parker Aug, 23 15-0 0.85 1,318 180 14 166 114 295
9:00 A 35-15 0.21 1,070 74 .. 4 .. .. 53 67 .. 125
60-35 0.11 837 31 .. . .. 3 6 .. 9
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TABLE IV. The average numbers of different types of plankters,

and the average volumes of all plankton — Continued

Average number of plankton organisms

per cu. ft. of lake water

In thousands —add ,000
Average
Depth vol. of

Date: 1940 range plankton T —~

Time: of per ) 3

Name of A=AM, sample cu, ft. o g3 P
Lake or Pond P=P.M, in ft. of lake = > 3 La © g9 4
water, 9§ 85 s | 22 | 28 Sa o8 £
in c.c. g= 3= @ 3 N =SB % ) £ £ -
2 S5 5] § 2 g &, 38 28 E]
5o S ¢ B Q = &8 =3 =g o4 —=
8% (3% |3 | 5 | § |ds |23 TR £2 2
CE | CE | & & |8 |82 | 8% a2 =2 <
David Aug. 28 15-0 2.37 957 232 28 3 66 3 105
South Part 11:15 A 35-15 0.18 152 4 11 32 39 Z Sg
North Part Aug, 28 15-0 0.28 2,735 142 28 3 S 38 24 102
10:15 A 20-0 0.18 1,755 67 7 . 7 11 18 44
Tilton Aug. 28 15-0 1.42 810 171 3 19 3 14 3 14 63
245 P 35-15 0.14 128 21 . 4 4 11 14 21 53
Flying Aug, 23 15-0 2.37 948 280 5 540 .. 9 194 750
1:00P 35-15 0. 32 170 67 7 11 7 4 74 103
75-35 0.07 190 41 7 .. 2 .. 20 29
Worthley Sep_t. 6 15-0 2,13 24 327 9 142 .. .. 24 14 190
1:15 P 35-15 0. 43 103 291 18 .. 14 7 21 .. 61
Webb Sept. 11 15-0 0.28 436 100 52 5 3 47 3 114
10:45 A 35-15 0.11 103 4 14 4 4 35 . 57
Silver Sep_t. 9 15-0 0.71 246 284 9 47 ] 19 .. 81
3:45 P 35-15 0.11 7 50 e 14 .. 11 7 32
Garland Sept. 9 15-0 0.19 294 227 9 5 .. 38 19 72
12:30 P 35-15 0.11 39 378 11 . 4 11 18 43
North (P.521) Sept, 5 15-0 1.33 550 227 3 336 9 5 356
2:00P 30-15 0. 14 346 19 ‘e 47 5 9 62

South

3 5 .. 361
Cobbosseecontee Aug. 8 150 0. 43 815 227 5 9 g 22 3%3 - ot
4:30 P 35-15 0.14 188 74 11 4 4 3 5 s
75-35 0.09 444 21 . .. ..
5 43 33 3 168
Aug. 27 15-0 0.66 1,678 643 9 | 786 3 68
Annabessacook 161:(g)0 A 35-15 0.11 337 11 . 18 .. 35 . 5
5 5 5 24 437
5 5 0.38 73 517 5 N 9 398
Cochnewagan guél(;a Pgo %?7:(1)5 0.21 ?06 35 7 7 .. 149 .. 163
July 24 150 0.33 976 346 5 5 9 14 14 49
1:30 P
5 28 71 148
Aug. 16 15-0 0.47 697 308 5 43
1211:%0 P 25-15 0.14 71 64 .. 7 71 78
5 5 133
i . 23 15-0 0. 38 370 171 123 5 5
Wilson (. 678) ENE 3515 0.07 64 46 11 .. . 11
22
Dexter Aug, 23 15-0 0.28 374 118 147 81 8
11:15 A
y 5 58
Berry Aug. 23 150 0.28 720 142 33 9 5 9 5
1:30 P
5 5 30
Maranacook Aug, 27 15-0 1.23 412 213 5 156 . 38 Ggg 846
1:15P 35-15 0.11 259 46 .. 21 . .. S 4
75-35 0.05 144 16 7 . 38 o
100-75 0. 06 149 .. 3
5 5 5 57 95 201
Aug. 24 15-0 1.18 825 1,201 33 14 o
orsey 911% A 3515 0.18 43 25 7 4 e 57 67
Nasrtl).ﬁgls Part Aug. 29 15-0 0.43 308 99 . 24 . 2?(5) %% 14 %gg
9:30 A 35-15 0.74 443 35 .. 14 . i ‘1 a0
75-35 0.09 194 2 2 7 9 i 88
100-75 0.08 169 4] .. e ..
5 52 19 85 128 9 204
North Part Aug. 29 15-0 0. 66 294 133 52 . =8 e
: 35-13 0.18 270 28 §9 . 4 11 b .
Loo® 58:33 0.09 62 19 52 . .. ‘e 19 . 71




TABLE IV. The average numbers of different types of plankters, and the average volumes of all plankton — Continued

Average number of plankton organisms
per cu, ft. of lake water
In thousands — add ,000
Average N -~
Depth vol. of & 3
Name of Date: 1940 range plankton o 23 4
Lake or Pond Time: of per I~ > 3 g o g #
A=A M. sample cu, ft. 3 83 s 2~ »8 P °8 $
P=P.M. in ft. of lake T E= = g < S5E B8 =0 22 2
water, 2 35 3 5 =2 B==] O w =& Sea K]
in c.c. 5 | %5 ] % ]2 | % £ 22 | %3 53 G
ol o | 2 | & | ] | &2|8E | 22 =2 4
Snow July 3 15-0 0.57 1,213 175 24 62 .. 3 14 460 . 565
9:30 A 35-15 0.14 174 32 . 7 .. .. .. 184 .. 192
75-35 0.14 352 32 .. . .. 71 71
100-75 0.08 287 31 .. .. . 48 48
;;l July 23 15-0 ¢ 0.76 787 450 .. 71 .. .. 19 682 774
9:00 A 35-15 0.35 167 18 .. 11 277 4 291
75-35 0.07 224 34 2 91 93
100-75 0.08 155 62 6 73 79
Aug. 22 15-0 0.62 559 332 14 5 e 9 19 24 72
8:30 A 35-15 0.21 252 37 .. 7 ‘e . 7 35 4 54
75-35 0.09 277 64 .. 4 4
100-75 0.08 254 62 . 14 14
Aug. 22 15-0 0.57 483 | s8¢ | o - 9 14 62 T
2:45 35-15 0.14 255 32 4 .. 7 4 14
Long of Belgrades - o
South Part June 27 15-0 0. 57 640 175 24 9 5 109 14 162
4:30 P 35-15 0.11 131 89 7 4 .. . 50 .. 61
75~35 0.11 787 78 2 .. . .. .. 23 .. 26
90-75 0. 09 422 118 .. .. .. .. .. 24 .. 24
July 23 15-0 1. 42 1,024 464 5 9 3 85 14 120
2:30P 35-15 0.21 355 160 28 29
75-35 0.14 631 80 4 9 13
90-75 0.09 370 38 5 14 19
0.
0.
0.
0.

[

15-0 0.76
Great of Belgrades 1?11156 30 305:13 978
55-35 0.11 K
5 204 ..
5 5 592 507 | .. | .. . .. .. 205
July 22 15-0 0.57 ¢ 0 X . . e .
: 5-15 0.2 126 78 . - 7 o1
100 A goa:ég 014 519 23 6 . . 25
5 9 81
Aug. 21 150 0.57 526 270 5 9 . 19 . 28 1 81
9:00 A 35-15 0.18 106 25 4 4 y . 28 36
’ 60-35 0.11 96 23 | .. 91
5 57 19
North of Belgrades {1.1??0938 13-0 0.38 867 175 9
. 5 5 138
Aug, 22 15-0 0.33 649 237 5 5 128
9:00 A
5 50 660 4 739
East of Belgrades g}lo%efz’s 20-0 0. 53 642 294 7 18
. 5 .. 288
&> July 24 20-0 1.06 585 504 4 | 57 | .. 7 4 216
11:30 A _ _
Aug. 22 20-0 0.35 631 411 11 4| .. .. .. ..
10:00 A
5 133 5 162
5 0.47 929 346 | .. 19 5 K 62
Salmon g‘}&? 3 320 0.11 365 32 7 A . .. 60 - A
' 15-35 0.21 617 7 70 .. .. . .. i
5 2 ..
July 24 15-0 0.81 ggé 489 ﬁa KR .. ® B2 y %3
: 515 0.35 5 5 . . -
9:00 4 e 0,51 447 28 | .. FES . .. 92
5 9 9 194 9 252
5 0.43 479 232 5 1 24 | .. i E 252
%‘(‘)%‘ #t ést?s 0.46 230 167 . 7 . .. 50 22593 - 2
’ 40-0 0.11 121 44 5
5 5 5 161 .. 176
5 0.33 678 218 5 5 5 . 5
MeGrath ?%%.lg ! %(E)tg 0.25 642 216 4 4 .. 4 96
- : 5 33 5 48
5 0.24 716 43 5 5 | .. .. . 8
Clearwater %Pfé ?A ég:gs 0.18 1,131 113 .. .. - - . 1?? ‘ 7 1
) 75-35 0.07 75 21 3| .. . .




TABLE IV. The average numbers of different types of plankters, and the average volumes of all plankton — Concluded
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wtrata of each lake (data given separately for each lake in Table IV,
nnd averaged for all of the lakes and ponds combined in Table V).
11, should be noted especially that the values per cubic foot represent
nverages for a considerable range in depth.

Records of the occurrence of different genera are based solely on
those organisms encountered while making the counts as described
above. Verification of the identifications of the common genera of

('ladocera and Copepoda was made by Dr. Charles B. Wilson of
Westfield, Massachusetts, for which the writer is gmtcful These
forms verified by Dr. Wilson were:

Diaphanosoma brachyurum (Licven) from Iast Pond of the Bel-
grades.

Daphnia pulex (de Geer) from Iast Pond of the Belgrades.
Daphnia retrocurva from Long Pond of the Belgrades.
Polyphemus pediculus from Thompson Lake in Oxford.
Holopedium gibberum from Thompson Lake in Oxford.
Bosmina longirostris from Lond Pond of the Belgrades.
Mesocyclops leuckarti (Claus) from East Pond of the Belgrades.
Diaptomus pallidus Herrick from Fast Pond of the Belgrades.

The organisms collected from the 53 lakes and ponds, and as enum-
crated from the samples, represented nine major taxonomic groups of
animals and plants. These groups and the important genera are con-
sidered in the following (Generic names follow Ward and Whipple,
1918; and Smith, 1933.):

Copepoda. The copepods, one of the groups which comprise the
macroplankton of fresh-water lakes and ponds, are an important
source of food for most young fish and the adults of many species.
They, along with the following group, arc commonly called water fleas.
The two genera commonly present in the samples were Cyclops and
Diaptomus. The genus Cyclops was more widespread and more abun-
dant in the samples than the genus Diaptomus. Usually, in any par-
ticular body of water, the maximum abundance of the forms of Cy-
clops was found at a lower level than the maximum abundance of the
forms of Diaptomus. In some instances where forms of Diaptomus
were most abundant in the samples from upper levels of water, they
disappeared from the plankton samples of lower levels, and were re-
placed by an almost pure culture of Cyclops. However, in some of
the deep lakes the upper and lower levels were inhabited by forms of
Diaptomus, and forms of Cyclops were found in the intermediate
levels; the inference is that this peculiarity in depth distribution in-
volved at least two species of Diaptomus. In some instances the im-
mature forms of Copepods (nauplii) were extremely abundant only
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at intermediate depths, while the adult forms were present mostly in
the surface waters and the deep waters. The maximum abundance
of the Copepod population, with few cxceptions, was in the upper
waters; and the numbers decrcased as the depth increased. As a
whole, these lakes and ponds had a greater population of copepods
than did the Rangeley Lakes (Cooper, 1940), and compared favor-
ably with the lakes and ponds of the upper Saco River and Sebago
Lake drainage systems in Maine (Cooper, 1939b).

Cladocera. This group, also called water fleas, along with the pre-
ceding group makes up the portion of plankton termed macroplank-
ton. The Cladocera are important, both directly and indirectly, as
food for fish. In most instances this group was outnumbered by the
copepods. The common genera were Bosmina, Daphnia, Diaphano-
soma, Holopedium, Leptodora, and Polyphemus, of which the first
two were most widespread and most abundant. Camptocercus and
Leydigia were rare. In general, Diaphanosoma, Holopedium, Lepto-
dora, and Polyphemus were inhabitants of the upper levels of water.
Bosmina and Daphnia were morc widely distributed in respect to
depth; of the two, Bosmina was the most abundant in the deepest
water. The cladocerans were generally most abundant in the surface
waters, as was the case with the copepods.

The comparison of the abundance of the cladocerans of these lakes
with lakes of other regions in Maine was similar to the preceding
comparison given for the copepods, namely; a greater abundance
than in the Rangeley Lakes, and an cqual abundance as in the lakes
and ponds of the upper Saco River and Scbago Lake drainage systems.

Rotifera. These characteristically fresh-water animals arc small
but highly organized. They are readily identified by the corona which
is one or more ciliated pads near the anterior end used to direct food-
bearing water into the digestive cavity. Kvery lake or pond was
abundantly supplicd with one or more representatives of the group.
The genera most common in the samples were Anuraea, Polyarthra,
Conochilus which is a colonial form, and Notholca. Rattulus and Ana-
pus were rare. The rotifers were found to be most common in the
upper levels of water.

Protozoa. This is another group which has some very common rep-
resentatives in lake plankton. The common genera encountered were
Dinobryon, Ceratium, and Actinophrys. Mallamonas, Epistilis, and
Synura were found occasionally. In one instance (Flying Pond) the
genus Synura was found to be so abundant at the surface that it gave
the entire lake a turbid appearance, and caused the water to feel
greasy when rubbed between the hands. '
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Zoophyta. Forms which are usually elaimed by both Botanists and
Yoologists have been placed in the group Zoophyta. These forms
woere not present in sufficient numbers to be of much importance to
the foertility of the lakes; in fact the Zoophyta were the least abundant
ol the nine major groups of plankters. The two gencra present in the
smples were Volvox and Eudorina.

Desmidiaceae. This group is a family of unicellular plants belong-
ing to the green algac (Chlorophyceae). In general, they were not
nbundantly represented in the plankton samples. The genera pres-
onl were Staurastrum, Closterium, Cosmarium, and Xanthedium.
Nlaurastrum was more or less common, but the other genera were rare.

Chlorophyceae. All of the green algae, with the exception of the
desmids, were placed in this group. They are ealled green algae be-
enuse of the presence of plastids which contain chlorophyll and give
them a grass-green color. This group provides a variety of forms
and a wealth of individuals to fresh-water plantkon. The common
genera of this group were Micractinium, Ulothriz, Dictyosphaerium,
and Scenedesmus.

Bacillarieae. Members of this group, commonly called diatoms,
are found widely distributed in fresh water. Two genera of diatoms
were the most abundant and the most widely distributed of all plank-
(ers in the samples; these were Asterionella and Tabellaria. Fragi-
laria was common and Sphacrozosma was occasionally present in the
samples.

Myxophyceae. Onc or more forms of the blue-green algae are usu-
wlly found in samples of {resh-water plankton. Occasionally a mem-
her of this group may become so profuse as to cause a ‘“‘bloom.”  Com-
mon genera encountered were Anabaena and Microcystis; Aphani-
somenon, Nostoc, and Spirulina were occasional; and Coelosphaerium
and Mertsmopedia were rare.

All Plankton. The frequency of the occurrence of different genera
in the samples, and the records of occurrence of genera in the different
lnkes, were dependent upon the numerical abundance of the individ-
uals of different genera, and may therefore be used as an index of
their general abundance in the lakes as a whole. The records of oc-
currence in different lakes may not be so reliable an index of general
abundance as the records of occurrence in different samples; because
more samples were taken on some lakes than on others, and it was
found that the greater the number of samples examined from any
given lake, the greater was the number of genera recorded from that
Inke. Since more intensive sampling on some lakes gave records of a
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greater number of genera, it follows that our sampling was not ade-
quate to indicate the complete distribution of any given genus among
the lakes as a whole. In fact, it might be expected that most of the
genera occurred in most of the 53 lakes and ponds. The figures on
frequency of occurrence of different genera among the 182 separate
plankton samples, and among the 53 lakes and ponds as recorded
from these samples, are given in the following, in which the genera
are listed within the different groups approximately in order of the
numerical abundance of individuals in the samples as a whole:

Number Number Number Number

of of of of
samples lakes samples  lakes
Copepoda Zoophyta
Cyclops. .. ........ 132 45 Volvox. ........... 3 2
Diaptomus . ... .... 121 40 Budorina. .. ..... .. 1 1
Ergasilus........ .. 1 1 . e,
Desmidiaceae
Cladocera Stawrastrum . .. .... 43 25
Bosmina. .. .. ... .. 134 46 Closterium. . ... .. .. 2 1
Daphria.......... 131 43 Cosmarium . ... .. .. 1 1
Diaphanosoma 68 36 Xanthidium. .. .. .. 1 1
Holopedium . .. .... 38 24
Leptodore. ... ...... 15 14 Chlo.roph_y(':eae R )
Polyphemus. . ..... 7 6 Micractindum . . .. .. 46 25
Camplocercus . . . . . . 1 1 Ulothrixz . .. e 16 14
Leydigia .......... 1 1 Dictyosphaerium . .. 15 13
Scenedesmus . . .. .. 15 11
Rotifera . .
Anuraea. . ........ 41 28 Bacillarieae
Polyarthra ........ 38 2% Asterionella...... .. 133 46
Conochilus .. ... .. 29 17 Tabellaria. . ... .. .. 117 39
Notholea . . .. ... .. 20 13 Fragilaria. . ... .. .. 40 19
Rattulus . . .. ... .. 1 1 Sphaerozosma..... ... 38 2
NOPUS oo 1 1
Anapus Myxophyceae
Protozoa Anabaena. . ..... .. 35 30
Dinobryon... .. .. .. 77 40 Microcystis. .. ... .. 8 5
Cerativm . . .. .. .. .. 57 33 Alphanizomenon ... 2 2
Actinophrys. . ... .. 12 11 Nostoc............ 2 2
Mallamonas. . . .. .. 6 6 Spirulina. ..... .. .. 2 2
Bpistiles .......... 5 5 Coelosphaerium. .. . . .. 1 1
Synura ........... 4 4 Merismopedia ... .. 1 1

From eight lakes that were chosen as representing different types
with respect to size and depth, samples were taken at three separate
dates during the summer: early, middle, and late. Samples from the
other lakes were all taken during late summer. The eight lakes, from
which a series of samples was taken, all showed a gradual decline in
plankton population during the summer. It is concluded, thercfore,
that the samples taken during August from the remaining lakes did
not measure the maximum plankton abundance.

In comparing both total volume and numerical abundance of plank-
ton, and taking into consideration seasonal and depth variations
these lakes of the lower Androscoggin and Kennebee river drainages
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rank high in basic fertility from the standpoint of plankton abun-
dance in comparison to the Rangeley Lakes, and have about the
same plankton fertility as the lakes of the Sebago Lake and Saco
River drainages.

TABLE V. The average numbers of different types of plankters, and the
average volumes of all plankton, per cubic foot of lake water
within different depth strata of the 53 lakes combined,
during the summer of 1940

Tigures given in this table are averages of all data given in Table IV

Average number of plankton organisms per
cu. ft. of lake water
In thousands, add ,000
Averange

Depth volume of = =

range plankton g 2

in per cu. ft. =) &

feet of lnke - . & =
water, @ [ © q O D @
in c.c. g Eé ?)“3? g ;;20 2% § 2 5
@ ) @ % ' 2 3 g mE | M
28 i) & 3 + 5 ok | £9 &L El
2% | 8% g 8 by Z% | eal Sy | B2 2
SEVZE|E || B || |22
~ ~ <3 2 & =
S |© 2 & | S |/ |8 |& |A |=
15 to O 0.73 613 271 7 50 27 128 4 221
35 to 1b 0.19 231 83 3 9 2 10 70 97
75 to 35 0.09 321 40 2 3 1 25 31
100 to 75 0.08 229 39 2 1 19 21
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BOTTOM SOIL AND BOTTOM FAUNA
OF THE LAKES AND PONDS

A total of 809 bottom samples was taken from 44 of the 53 lakes
and ponds during the period from June 18 to September 11, 1940
(mostly during the months of July and August). All samples were
taken in the daytime, mostly between 9:00 A.M. and 5:00 P.M. The
samples were collected with Itkman dredges of a bottom arca 9 inches
by 9 inches square; photographs of this type of sampler are given on
Plate VI of Survey Report No. 2 (Cooper, 1939h). The depth of
water and type of bottom were noted for cach sample. The entire
samples were screened through brass sieves of two sizes of mesh, No.
20 and No. 40. Some samples were screened through the No. 40
mesh, while others were sercened through only the No. 20 mesh
sieves. The possible effeet of the use of sieves of these two mesh sizes
on the reliability of the results will be discussed later.  All organisms
in the samples were preserved in 70 per cent alcobol for later studics.
Samples were taken at points distributed somewhat cvenly over all
parts of each lake or pond, with the realization that, by so doeing, the
samples would be distributed, according to depth, in proportion to
the depth distribution of the bottom area of each lake. The samples,
therefore, should represent, to the degree that the number of samples
was adequate, a true picture of average conditions for cach lake as a
whole.

The bottom organisms were identified in the laboratory mostly to
Orders and Families. The number of individuals of ecach type was
counted. The volume of all organisms of each type was determined
by water displacement: volumes of less than 1 c.e. were measured to
the nearest 0.02 c.c.; volumes of less than 0.02 c.c. were cstimated in
some instances, or were determined by lumping several small organ-
isms, measuring their total volume, and estimating the relative size
of each type. Volumes of over 1 c.c. were measured to the ncarest
0.1lce.

Bottom Soil. A variety of types, and combinations of these types,
of bottom soil was encountered among the 809 bottom samples from
these lakes and ponds. There were some differences in the occurrence
of these types of bottom soil between the different lakes, and there
was a considerable difference in most individual lakes in the distribu-
tion of bottom types according to depth of water. The predominant
type of bottom soil was material classed as mud; this type was found
in 507 samples. This “mud” included a variety of materials: some
fine and light silt, some silt mixed with various amounts of partly
decomposed organic material, and some fibrous or flocculent material.
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{ 'omibinations of mud with wood debris, sand, or gravel were found
ih an additional 108 samples; thus, 615 of the 809 samples were
wither entirely or partly of mud. Sand was the next most prevalent
of the bottom soil types; clear sand was found in 118 of the samples,
aid mixtures of sand with clay or gravel were found in an additional
1. Gravel was the third most abundant bottom soil type, oceurring
in 14 samples; and mixtures of gravel and sand occurred in 11 sam-
ples. Three samples contained entirely eclay, and 13 samples con-
tnined entirely wood debris which was mostly sawdust. Most of the
more shallow lakes and ponds had predominantly mud bottoms
throughout, with the cexception of a narrow strip along the shore
ghallows.  In a majority of the ponds sand was found in some of the
mumples. Sand was more prevalent in some of the deeper lakes such
ni Auburn, Echo, and Maranacook lakes, and Embden Pond. A
vonsiderable amount of sawdust or other wood debris was encoun-
tered in a few ponds, one example being David Pond. Large gravel
or bed rock was encountered in the deeper waters of a few of the lakes
niich as Thompson and Iicho; on this type of bottom, no sampling
with the IKkman Dredge was possible, and attempts at sampling on
this type of bottom are not included among the 809 samples consid-
vred in the present discussion.  Since only a few sampling attempts
encountered large rock or bed rock, it is believed that the failure to
obtain samples from this type of bottom does not invalidate any of
the general conclusions which are given in this report.

The distribution of the different bottom soil types by depth for all
ol the lakes combined is indicated in Table VII. Among the samples
lnken in 3 to 10 feet of water, sand was the predominant type of
hottom, mud was sccond in {frequency of occurrence, then wood debris,
then gravel. Among samples taken in 11 to 20 feet of water mud oc-
eurred in more samples than did all other types of bottom soil; sand
was second in frequency; and gravel, third. Below a depth of 20 feet
the frequency of sand and gravel dropped greatly and here the bot-
tom soil was almost entirely mud. The uniformity of the mud bot-
fom was still more extreme below a depth of 40 feet.

Bottom Fauna. All of the animals collected from the bottom sam-
ples were kept as a part of the samples, with the exception of a single
ool (Anguilla) and frequent large bivalve mollusks. The organisms
in the 809 samples from the 44 lakes were classified into 17 major
groups of different taxonomic rank — classes, orders, families, or
penera.  All of these bottom organisms were invertebrates. They
ineluded two groups of annelid worms, namely, leeches and aquatic
sarthworms; small snails and clams among the mollusks; and, among
the arthropods, a single water mite representing the arachnids, a sin-
gl erayfish and numerous fresh-water shrimp representing the crus-
tneenns, and representatives of 6 orders of aquatic insects. These
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TABLE VI. Volumes and numbers of bottom organisms — Concluded

o
E = m o2
Samples 2 g . 'ﬁ ,a v - 5
'R nge! 23 |4 3 i3 | £ £ ig g’g oS | & s g l.3 Y
2 2217, g S 5| 5.lgsl53 22| 5 |sf| & (23| ° |23
| Dage:|depth 352128 | 3\ | B% |28 | 2% |BE|af 5% e EE| % (ER|EE|En|E
Wil | 1985 | S AE R RTE cR ARE RE AP I LR RN LRI RSB AR [ R A
ake or p water |Number %g 28 ’5':'% cE(EE | 22 E“E gg’i 53 2E | 22| g2 %3 BE %é =5 é);f c
: B85 |38 3 = 2a E =
& oot Jsamples | 85 |52 | B2 \ES 158 | 28 | A4 | AS|&C|8C | BT | =S [BE | aC |SC | &S [S% P
........ 0.05 l0.211 | 0.25|.....|0.58 |2.68210.916 |1.88
Annabessacook Aug. 6 5-41 20 (()1)01 ‘O 001, ..ofvunns ((J5)13 ....... (1)0 Giat | Gios) S 2, 952040 |9
2.803 0. B 54 0.081 10.85 |....
5 REY T 0.1 10.836 | 0.213]..... 1544 |1.17
Cochnewagan June21_8— 6-29 20 fo..e- (()1%93 ?571)36 ..... %52)03 (()4) % |Beoy | oD G tsy 1Gio) ) o
> — _ -
B i 5 5 , 29 0.05 |0.4
5 5 5 [0.04 |0.005..... 0.005(0. 207 | 0.043[..... 0.37 10.16 {0,
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5 25 5 J 1o 700 A [0 10 S AR PR 0.00110.132 | 0.051|...vtivueeafonnns
Dexter Aug. & 4-25 53 ... ?5:%71 (()1) Oy o ) (6} Gs) o
B 0.011 |v...
B 5 51 46 10,285 .. |oeens 9,01 [0.131 | 0.018)..... 0.02 |-vn..
Berry Aug. 5 6-25 6 ... s (()-.L)O(M S P (()3)46 %) 5 s o 03 W
150 | 22 5 : 80 |1,205(1.186 [0.5
M 5 : 5 856 10.18 |..... 0.01 |0.185[0.139 | 0.023[..... 0.8
Maranacook Aug.2 | 500 | 24 D00 2T 0P GET |65 d @ |am | @8 72 |Go |20 (D
- 0 2.79 |o.722 .....
Tor - 1,02 |onclienn 0.1 |0.712 ] 0.0 |..... 0.33 |2
Torsey July 31 | 3-30 22 .. ?3)18 (()18)19 (()4)07 (()2_?)61 as % o8 | BD 88 D |ddn

Narrows
South Part Aug. 13 | 4-100 8 0. 032 0.01 [0.013 .. .. feveuulonnn. 0.01 (0.2 [0 0107:1 RN PP 0.013 |..... Cees
(27) 1) : (1) (52) &) @
North Part Aug. 13 |12-54 9 ... o ]0.011 L. 0.045(0.05 L] 0.05 |0.451 | 0.266|..... 0.12 10.06 (0.126 |..... e
an ® | 4 |13y | 9D (] Gy |1
Snow July 1-2 | 7-113 17 ..., 100014 L 0.075 [0.35 |.....]..... 0.001(0.982 | 0.476(0.001,0. 223 |3. 533/0.631 (0.5
14 9 €3] 1 138y | a8y (O [(20)  {(46) |(173) (D)
Long of Belgrades
South Part June 21-} 6-51 12 fo....]...0.104 |....(0.00210.05 |0.03 |..... ..., 0.6 [0.021 | 0.006|..... 0.306 [0.26 [0.281 {..... e
22 (29) 1 (e (1) (10) |(22) (6) (24) |18y [(85)
North Part June 21 |12-59 13 feeeeefe 0075 oo fea 0,188 |.o.oufeeeetonnnn 0.003/0.265 | 0.002|..... 0.02 (0.085(1.002 |.....0 ..o
(31) €] 18 2 (7) (9 |(160)
Great of Belgrades | June 18—| 4-61 32 }0.061}....10.083 {....10.0111.51 {0, 111{0.04 |0.001}0. 17 0.066 | 0.005|..... 0. 892 |1.196{0. 987 {0.27
July 18 €Y} (33) 2 |46 [(2) {1 (1 8’ (6D 6] 83) |[(37) |(130) |(3)
North of Belgrades | July 9 7-20 23 12,08 |....10.006 |....10.1 |1.58 [0.22 (0.01 |{..... 0.213{0.079 | 0.015!..... 0.156 (2,541:0.051 {1.43 |0.11
(2) (6) (7)) 133 @ W (11 (38) (i5) 1s) |{26) |(8) ) |3
;“i East of Belgrades July 11-| 8-27 23 #0.13 |....10.016 {....10.2 |3.125 {0.21 |.....|..... 9.01 [0.091 | 0.042]..... 0.1 2,54 10.013 {0.57 ...
’ 12 2 (18) @ |6 (2) [OFIENCTD)] (50) (19)  |(28) (B) 4)
Salmon July 25 | 7-36 12 10.01 {....]0.028 {....]0.16 [0.5 |.....feeeei]onn.. 0.04 {0.165 | 0.073|..... 0.41 |1.01 |0.113 {0.04
[6)] (24) &y 1(16) @ (62 (33) (40) [(36) |(27) [(2)
MeGrath July 30 | 6-27 10 ... e ]0.017 Lo 0,06 (0591 .ol 0.06 |0.05 |0.172 | 0.016{..... 0.28 |1.12 [0.025 (0. 11
(23) (6) (18) (1) (3) ° {(76) (16) (26) (37) ((10) (2)
Sandy July 28 | 4-34 10 10.01 |....10.099 {....|..... 0.275 10,005, ....]..... 0.01 10.153 | 0.023[..... 0.11 [0.11 {0.021 |..... e
(1) (30) (7 [¢V] (n @D (16) 13) {2 D
Embden July 27 7-145 23 J..... 0.0 023 1....10.05210.09 ... ... 0.03510.045 | .....{..... 0.151 1..... 0.203 |..... i
(13) @) | 2) (42 (20) 37
June 12—
Totals Sept. 11| 3-143] 809 40.9030. 891, 627 0. 25/2. 554|27. 62819. 001]0. 186/0. 115/2. 351125, 791| 6.444|0.001|13. 913(39. 82/12. 862{12. 650. 53
(44 ponds) (36) [(62)1(1009) (1) [(166) |(873) ({105)|{7) [(15) [(120) |(4529)|(2874){(1) {(1339)|(728)|(2315)1(72) |(8)




TABLE VII. The average volumes in cubic centimeters and numbers (in
parentheses) of bottom organisms per 9 x 9" sample for 44 lakes and
ponds combined, and based on a total of 809 samples, arranged
according to depth of water and type of bottom soil

Averages based on five or more samples are given in heavy type

Type of bottom
B
3 12
Depth 8 2 g
fint 3 s} : § @
eel 2 =g 3 .8 R S0
2 lRE | w | wB s | % |92 |8 wd)| e | S8
ElEE |2 | 2|2 |Ew|EF| & |8 |=°
O O [ @ &) =3 - b b A -
3-10 0.173 1 0.037 | 0.213 | ... .i N R 0.190 | 0.717 | 0.275 | 0.345 { 0.501 [ 0.292
0.1 ! 4.0) ) (8.4 | ..... e (11.1) | (37.0) | (35.6) | (14.3) | (21.9) | (19.4)
' _11~20 0.086 | 0.149 | 0.127 | ..., 0.062] 0.714 1 0.080 | 0.173 | 0.211 | 0.331 || 0.243
@ | on |aun | G001 oy | 6.7 | (9.6 | (11.0) | 15.4) | (12.9)
2_i—30 0.021} 0.010 1 0.039 | 0.132 | .... | ..... 0.161 | 0.079 | 0.169 | 0.184 | 0.165
4.2) | (2.5) (7.6) | (10.3) ] .... | ..... (7.0) | (11.3) | (31.1) | (19.7) || (18.5)
31-40 0.006) .. ... 0.021 70. 027 |10.010) ..... 0.067 | 0.002 | 0.085 | 0.127 {| 0.108
s |..... 6.7) (3.8) (4.0 | ..... 25.0) [ 2.0 (9.0) | (26.0) || (22.2)
41-50 0.020} ..... 0.002 14 ..... P R e T 0.127 | 0.168 || 0.100
7.5 | ..... 1.5 | ..... P I S RO (31.0) | (20.4) || (19.4)
51-60 I N 0.017 | ..... 0.001 ..... [ ovves | onnnn 0.200 | 0.110 || 0.106
U 8.0 | ..... [CT1) )N NP RO RPN (15.0) | (24.8) j (23.1)
61-70 N e e I P 0.002 | ....0 [ hnnn 0.088 | 0.083
............... (2.0) foeenvs {oevan | (18.3) || (17.3)
-80 [P R I T I R R S IR TN 0.114 | 0.114
71 R T B e P N N A (17.5) | (17.5)
81-90 T L S A I T 0.650 | 0.099 i 0.154
P I I N PP T P PN (82.0) | (23.2) | (29.1)
91-100 P I S T R T I R B 0. 066 || 0.066
............... ceve Ve beecao L eeea [ eeeas 1 O6.5) | (16.5)
101-110 { 0.0 { ..... | ceeve |l FE R R e P T 0.053 | 0.035
[(6) 1 IR O N P O (A AR P (12.5) | (8.3)
11120 ff oves | oowves [ ovve | eanns P I I IO (N 0. 086 | 0.086
............... [ O T e e A R XS )
121-1830 | o0 | avens [ aiiie | eannn A N TR ISP R IS T
7 B T LU Y O O S R I B R T e
141-145 || .oov | oowes | oeene | oant O P P L IR 0.002 | 0.002
R I I TS O S e I (2.0) | 2.0
All sam- | 0.084 1 0.103 [ 0.159 |0.090 [0.024| 0.230 | 0.157 | 0.178 | 0.224 | 0.215 | 0.195
ples,hall 6.4) | (7.4) (14.4) | (7.6) 4.7 | (12.1) | (14.1) | (17.5) { (17.1) | (20.0) | (17.6)
depths
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aquatic insects included: alderfly larvae (Neuroptera), Mayfly nymphs
(Ephemerida), dragonfly and damselfly nymphs (Odonata), beetle
larvae (Coleoptera), caddisfly larvae (Trichoptera), and midge and
mosquito larvae (Diptera). The volumes and numbers of each type
of bottom organism in all samples from each lake, together with the
number and range in depth of these bottom samples, are given for
each lake in Table VI.

The validity of much of the following discussion on the kinds, num-
bers, and volumes of different types of bottom organisms in each lake,
and the validity of the comparisons of different lakes on the basis of
bottom food, depend on whether or not the methods of sampling and
analysis were uniform. All sampling methods were essentially uni-
form except for the use of two sizes of sieves employed in screening
the bottom samples. On about onc-half of the ponds, only the No.
20 sieve was used; on the other half, only the No. 40 sieve was used.
On four of the ponds included in the present report (Lower Range,
Allen, Taylor, and Pleasant), and on one lake (Sabbathday) which
is not discussed in the present report, samples were taken in order to
determine whether or not the use of the No. 20 sicve gave results
different from those obtained by the use of the No. 40 sieve. Since
the No. 20 sieve has a larger mesh and therefore has larger openings,
it might be supposed that more of the smaller organisms would es-
cape through this size of mesh than through the No. 40 mesh, while
the sample was being screened; and that, consequently, the samples
obtained by the use of the No. 20 sieve would contain fewer organisms
becausc of this source of error. Eighty-five bottom samples were
taken from thesc five ponds, and these samples were distributed over
the different ponds in the usual way. The samples were treated in
the usual way with the exception that all odd-numbcered samples
(Nos. 1, 3, 5, ...85) were screened through a No. 40 sieve and all
even-numbered samples were screened through a No. 20 sieve. There
were, of course, the same number of even- and odd-numbered samples
from each lake, with a maximum variation of one. These samples
were taken at different depths and on different types of bottom, just
the same as the other samples were distributed over any given lake;
but, since these 85 samples were screened alternately through the two
types of sieves, any differences due to depth, type of bottom, or varia-
tion of bottom organisms between different lakes, should have been
compensated for by this method of selection. A comparison is here
made of the volumes and numbers of organisms taken by these 85
samples, according to type of screen. Since the numbers and vol-
umes of organisms were so variable from one sample to another, the
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data have been analyzed by standard statistical methods.® The
average number of all organisms per sample in the 43 samples s_creened
through the No. 20 sieve was 20.9:+2.12; the standard deviation was
20.6. The average number of all organisms per sample in the 42
samples screened through the No. 40 sieve was 22.7+2.02; the stand—
ard deviation was 19.4. The difference between the two means 18
1.8; or the samples with the No. 40 sieve contained an average o_f 1.8
more organisms than the samples with the No. 20 sieve. This differ-
ence of 1.8 organisms is only 0.6 of its probable error which is 2.93.
The slightly greater number of organisms with the No. 40 sieve,
therefore, is of practically no statistical significance. These ﬁgur_es
for number of organisms, and similar figures on average volumes in
cubic centimeters of organisms per sample, in samples screened
through the two types of sieves, are as follows:

Aver-
Num- age
ber | number <D IPE Dift. |p Diff. Means
Sieve of of o=5.D. \P.M.yp o | DI P
sam- | organ- €80 Means ! Diff.
ples isms -

. . 42 227 19.4 2.02
No. 40 sieve 1.8 2.93 0.6

No. 20 sieve 43 | 20.9 20.6 2.12

Aver-
age
volume
of
organ-
isms

No. 40 sieve 42 | 0.129 0.179 0.019
No. 20 sieve 43 0.179 0.229 0.024

0.050 | 0.031 1.6

3

§ Standard deviation =o= 4/ D ‘/ ZXE-ME 111 \/HEXL(EX)z
n VYV ™

Where = = sum; D=deviation of an individual variant from the mean;
n=the number of samples; X=the number or volume of all organisms in
an individual sample; and M=the mean.

Probable error of mean = P.E. = 0.6745¢
Vo

Probable error of difference of two means = P'E'Di _—r
VPEL) F (P.Eg)
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These figures reveal a somewhat greater average volume of organisms
in samples with the No. 20 sieve. The difference in volume of organ-
isms, between samples with No. 20 and 40 sieves, of 0.050 c.c. is only
1.6 times its probable error of 0.031 c.c. The mathematical chances
are thus about 2.6 to 1 that this greater volume of organisms in the
No. 20 screen samples is of any significance; it is not sufficient to be
conclusive. It is, also, the reverse in trend of what might logically be
expected, for the finer sereen should yield more organisms, of a greater
total volume, if more were escaping through the No. 20 mesh. The
reason for the lack of any significant difference in results of the use of
these two types of sieves secems to be that only the macro-benthic
forms are usually picked out of the samples, and these organisms are
all within a size range of which individuals do not readily escape
from the coarser sieve in the usual method of sereening; and there-
fore nothing is gained by using the finer-meshed sieves. The analysis
has shown that the variation in use of No. 20 and No. 40 sieves, for
bottom samples from different lakes and ponds, has had very little
if any effect on the results of the sampling, and does not necessitate
qualifications of the present presentation of the data on this account.

The different types of bottom organisms occurred in the bottom
samples in different degrees of abundance. Some idea of the relative
importance of these types of bottom food may be obtained from a
summary of their frequency of occurrence in the different lakes; of
all bottom organisms from the 44 lakes:

Midge larvae and Mayfly nymphs were taken from ................. 44 lakes
Corethra larvae and pill clams (Sphaeridae) from . .. ................. 43
Fresh-water shrimp from. .. ... .. ... .. ... . . 41 -
Snails of the Family Amnicolidae from............................. 37 “
Caddisfly larvae, and snails other than Amnicolidae, from............ 35
Alderfly larvae from. .. .. ... .. 30 ¢
Small clams other than Sphaeridae from ........... .. ... ... ... ... 25 ¢
Dragonfly nymphs from........... .. .. .. .. ... . ... 24
Leeches from..................... I 16
Aquatic earthworms from. .. ... ... ... ... ... . e 9 «
Beetle larvae from ... ... ... . . . 7 ¢
Damselfly nymphs from . .......... . ... e 6
A single crayfishfrom ........ . .. ... ... .. . . 1«
A single water mite from... ... ... . ... i i 1

A further idea of the relative importance of these different types of
bottom organisms in these lakes and ponds may be obtained from

. the total volume and number of each type of organism in the 809

gamples (see bottom of Table VI). These 809 samples contained
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TABLE VIII. The total and average volumes and numbers of organisms in bottom samples, and the
nisms per square foot of lake bottom, for the 44

calculated average volumes and numbers of orga
lakes and ponds

Totals of Avoefrﬁza‘r’x?i‘fnnswpaé?ga?ﬁﬁs o Organisms per
organtame fn | Number o o
Number j—————"|——""""] _—— ——
Name of pond Pond of Volume Volume
number| samples in e.c. Number Mean o=S.D. Mean g=8.D. Vin-_c;c. Number
Sabattus Pond 389 20 9.748 233 0.49 0.60 11.65 6.7 0.87 20.7
Taylor Pond 392 20 2.781 365 0.14 0.23 18.25 5.4 | 0.5 32.4
Lower Range Pond 398 15| 1743 255 o2 | o1z | 1700 s | o2 | 302
Middle Range Pond 400 20 2.308 | 196 0.12 0.15 9.80 7.9 0.21 7.4
TUpper Range Pond 401 14 2.315 243 | 0.17 0.16 17.38 7.7 0.30 30.9
Hogan Pond 403 10 1.269 145 0.13 0.12 14.50 12.0 0.23 25.8
9 Whitney Pond 404 10 1760 | 123 | 0.18 0.15 12.30 5.1 | 0.32 21.9
Tripp Pond 408 19 0.834 130 0.04 0.03 6. 84 5.1 0.07 12.2
Thompson Lake T 409 M22 1.097 271 0.05 0.03 12.32 8.4 B 0.09 21.9
Pennesseewassee Lake 416 24 __ 4_*4 320 387 0.18 0.17 16. 13 14.1 W& 28.7
Auburn Lake 428 a1 | 2542 345 0.08 0.08 11.13 7.5 | 0.14 19.8
Allen Pond T as 13 3.081 255 0.24 0.34 10.62 61 | o043 | 5t9
Plowewmt Pond | 443 20 1,926 680 o2 | o | stoo | 27 Toa1 | 60.4
Androscoggin Lake o Er 29 3.799 439 0.13 0.09 15.14 14.9 0.23 26.9
Pocasset Lake 466 16 2.742 122 0.17 | 0.1 7.63 3.3 0.30 | 13.6
Lovejoy Pond 470 19 2.003 15 0.15 0.18 8.11 18 | oz | 144
Toho Lake 472 22 2.660 169 0.12 0.32 7.68 11.8 0.21 13.7
Parker Pond 474 20 3.043 322 0.10 0.13 11.10 9.7 0.18 | 19.7
David Pond 476 21 12.770 1,109 0.61 0.43 52.81 393 | Los | 93.9
Flying Pond 481 20 1.316 159 5.07 | 0.08 7.95 5.0 0.12 41

Webb Lake 5
S Zgz i’i ; j?; 869 0.22 0.21 32.19 24.9 0.39 57.2
. 2 5
I;urialt)ory Pond 659 20 6.972 jil 2 ?1; z jg :; (l)i ]1.; i 3 zg -
Sand Pond 660 | 7. i . . - e
e = ?1): } (_) ;87 234 0.06 0.06 16.71 12.3 0.11 29,7
e g 5,266 1,004 0.15 0.16 28.69 17.9 —5 27 51.0
‘ : 20_ 5 6.940 604 0.35 0.39 30.20 45.1 0.62
S‘;;hne;agzn Pond 672 20 7.438 492 0.37 0.41 24.60 20.6 0‘ 66 ii :
ilson Pon 3 . . ‘ '
S Z:Z 1? B 2 72% 181 0.17 —0. 13 11.31 3.3 0.30 20.1
o = £6) 0.825 111 0.17 0.22 22,20 16.3 0.30 39.5
T - = (3 884 43 0.15 0.16 ] 7.17 3.7 0.27 12.7
e - - 5.486 569 0.23 0.23 23.71 16.6 0.41 42.2
- - 22 B 6. 044 469 0.32 0. 36 21.32 18.8 0.5 B
g ;arrows Pond (South) 681 8 0.285 95 0.04 0.04 11.88 8.2 0. . i
Narrows N 2 i Xt ' ' ‘
Sno;o;:;l;ond (North ) ZZ; Z B 1.179 _ 289 0.13 0.10 32,11 17.9 0. ZZ i; i
T PeYre - 19 B 6. 786 387 0. 40 0.68 34,53 28.1 —‘~0 71 *-6‘1*4_—
e 2 3 1. 660 177 0.14 0.25 14.75 17.0 0.25 26.2
) 713 13 B 1.640 262 0.13 0.09 20.15 4 5
Great Pond of Belgrades 719 32 3.353 416 0.17 0.17 — — —
North Pond of Belgrades | 720 23 6.591 o 0w | o 1: - o e
Salst PonLd of Belgrades 724 23 i 7.047 3 222 0.31 07 a8 ' :i i Z 2 - s
almon Lake 725 12 - 2. 549 B 239 0.21 O‘ 15 . y ' - o
ool .15 19.92 9.9 0.37 35
e d ;zz 10 2.501 220 0.25 0.20 22.00 10.3 0.44 39 j
o — ;Z Z ziz 105 0.08 0.09 10. 50 5.2 0.14 18.7
Totals 44 809 157: 516 14, ;zz = - - = — =
e I N R N N RS AR EUTLOE KIS BUK
................... 0.19 17.47 0.34 31.1




14,260 individual organisms of a total volume of 157.516 c.c. of which:

....25791 c.c.

4,529 midg;z1 larvae Ilnade 1(11p .................................... 2T o
3 M: NYMPhS MAAE UP « .. vvrevrarense e 7628 c.c.
1,?‘3{8 sn;i}{s }:)f t)ile I%‘amily Amnicolidae made up .. .. ... 13.913 c.c

39.82 c.c.
7280thersnailsmadeup..,.............A...“...........i:::igvgﬁzc.c.
2,315 pill elams AAE UD .« o vee e oeoe s 1568 oo
72 other clams made Up. .. ..o v 6.444 c.c.
2,874Corethmlurvaema,deup...‘............A..A.......H..... oot oo
105 dragonfly nymphs made up ... 1.627 c.c.
1,()09fresh-watershrirnpmadcllp~'- R N, TV
166 Sialis larvae made Up .. ..o 5ot e

120 caddisfly larvae made up. ... e o
Differences in average size of different types of organisms a&e o v10}1s_
from the above figures. For exambple, Ma_yﬂy nymphs h?i &P az}(l,rr
age size of about five times that of the midge }arva?. l(/ ams, (?f 0(;—
than Sphaeridac, were of the largest average size 0‘1 al 1‘t¥pfzs for
ganismas; these clams were mostly the young stages .of Xlg(,.ég;dae.
Practically all of the smaller snails were of the Family mﬁ% S}a[lg
Among the insects, the Mayfly nymphs, firagonﬂy nymp b\, £ 71) aS
larvae, and caddisfly larvae were of relatively large a\:elagc 51; J.g”h_
compared to the small size of midge and Corethra lmv:%e. \ res .
water shrimp were among the smallest of all bottom types recovere

om the samples. ' _
y The characlzer of the bottom fauna va'ried some w_lth the (ﬁ}\pb&l (_)t‘
the water; part of the data on distribution of orgam"sms bky“ ep h Ills_
given in Table VIL The shallower water for all of the la (f ‘ui‘g,.(,' -
eral had a greater variety of bottom forms and also hzyx}d Ll(,f 1»1 %;}1
organisms; the individual organisms from the upper 20 10"? ‘0 ‘c ;} l/n
averaged from two to four times the vol}lme' of ’ch(? ()rga.m?mh. )‘Iiot
deeper water, due mostly to differences 1 kinds of Sp(hc‘l(t:j pt (\,b(inat._
The total volume of all organisms per square fO(r):c was h(lmfu,vs; 1311
greater in the upper 90 fect than in deeper water. The numl)‘(,rt }o o
organisms per square foot varied somewhat thrpughout (.(‘p'}mnh
3 to 120 feet; however, the data sl}owed no dc'zﬁmtc tronflr Al{ll ( 1\:;1 Ig,)(
of average number of organisms with change 1n dept_ﬁ ( L«Ll) ¢ ) @n(i
The type of bottom soil obviously had an effect on t (;} vo 1}0m;, and
number of organisms present. Gravel, sapd, clay, an nﬁu{ uo(iume
these types, mostly contained fewer organisms and a‘ smaller tv olume
of organisms than were contained on mud bottom or on DAUXLULCS

mud with other soil types.

The data obtained from these bottom samples offer an opportunity

the abundance of bottom food (i.e., food for ﬁshes) in
g?ﬁzgg?llzagfrpes of lakes. Available figures for such 901npar1sonsu211::
the average volumes and average nu'mbers of organisms per s& are
foot of lake bottom. Since the locations of sampling Werefstc}flx eam-
fairly uniformly over the surface of each la,ke,. t.he averagﬁs 0 t' rz stt-
ples presumably represent the average conditions for t 1e ent }11 oot
tom area of each lake. The number. of bottom samples, }(: fota
volume and number of all organisms in all samples from each lake,

94

the average volume and number of organisms per sample, and the
calculated volume and number per square foot of lake bottom, are
given for each lake and for all lakes combined in Table VIII. The
considerable variability in quantity of organisms in the individual
samples is indicated by the standard deviations (6=S.D.) of numbers
and volumes of organisms, which are also given in this Table for each
lake. The average for the 809 samples was 17.47 organisms, of 0.19
c.c. in volume, per sample; or a calculated 31.1 organisms, of 0.34
c.c. in volume, per square foot of lake bottom. The averages for the
individual lakes varied from a low of 9.5 organisms of 0.05 c.c. per
square foot in Embden Pond, to a maximum of 93.9 organisms of
1.08 c.c. per square foot in David Pond. All lakes except David had
less than 1 c.c. per square foot. The variations in average volumes of
organisms per sample for these lakes may be attributed mostly to
differcnees in basic fertility, and not to the variable factor of date at
which the samples were taken; for if the lakes are divided into sev-
eral groups on the basis of average volume of bottom organisms per
sample, and compared to the dates of sampling (Sce Table VI), there
is no indication of a gradual change in volume of organisms over
the three-months period during which most of the samples were taken.

A division of the lakes and ponds into different types on the basis
of depth and chemistry of the water offers one basis for a comparison
of abundance of bottom fauna in different types of lakes. Such a
comparison has considerable significance, since depth and chemistry
of the water are among the most important factors which determine
the types of fishes to which the lake is best suited. A division of the
53 lakes, which were studied by the survey during 1940, into differ-
ent types on the basis of depth, temperature, and dissolved oxygen
content of the water has been given previously (see page 66). The
44 lakes from which bottom samples were taken may be divided on
the same basis into the following three types:

Deep lakes and ponds, thermocline present, high
oxygen below thermoclineg, good trout or salmon
water [Includes: Middle Range, Upper Range,
Thompson, Auburn, Allen, Pleasant, Iicho,
Flying, South, Sand, Maranacook, Narrows
(both parts), Long (south part), and Embden]......... 15 lakes and ponds

Deep lakes and ponds, thermocline present, low
oxygen below thermocline, poor or fair trout or
salmon water [Includes: Taylor, Lower Range,
Hogan, Whitney, Tripp, Pennesseewassee,
Parker, David, Webb, Purgatory, Cobbossee-
contee, Annabessacook, Wilson in Monmouth,
Dexter, Berry, Torsey, Snow, Long (north
part), Great, Salmon, and Sandy]..................... 21 lakes and ponds

Shallow lakes and ponds, no thermocline, i.e.,
warm water to bottom, poor trout and salmon
water [Includes: Sabattus, Androscoggin, Po-
casset, Lovejoy, Cochnewagan, North Pond
of Belgrades, East, and McGrath]. .................... 8 lakes and ponds

95



It should be noted that this classification differs songu_awhat fro;n tf}(x)i
one given on page 66 in the discussion of 'the §u1tab1hty of Svadeg or
trout and salmon, since this previous classification was intended to ¢
more detailed. This second division of the lqkes .1pto three typfces r;}or
ognizes two categories on the basis of the suitability of the ga elr o
trout or salmon: either good or poor. The poor trout ag ttsa m n
waters are of two types: either sh.allow and warm to theTho om,me
deep but with oxygen deficiency in the deeper'water. esel::) lsaaf—
factors of depth, temperature, and oxygen deficiency {)lresuma ytion
fect the composition of the bottom fa,ung as well as the (;:om;:os; on
of the fish fauna. The following comparison f)f the abun lanee, 0 he
bottom fauna in these threc types of lakes is made by fump};}lg al
samples for lakes of one type. The 26§ bottom samples rom 12 1
good trout or salmon lakes, when considered as a unit, c?njcaln(a oo
average of 15.1 organisms of 0.123 ¢.c. volume per sample; arza_ned
383 samples from the 21 deep lakes with oxygen deficiency 1con V\lfhen
an average of 21.3 organisms of 0.214 c.c. volume p_er'saﬁlp. e'th fon
the above averages for volume are compared statistica y.d'ffe st
volume is 0.123+0.008; the second is 0.214+0.010; ar}d the i ‘ere cn/
between the two volumes is 0.091#0..013, or the dlffereni((z) (1)50{:)68'6;0
times the probable error. The statistical odds are abgu}'lo 0 o
one on the basis of this analysis that the deep la}ces ng oxglg\(,n.OOd
ficiency had a greater volume of bottom organisms than the gq o
trout or salmon lakes. The data for this and other corlrlxparl.son.
bottom organisms in these three types of lakes are as follows:

Volumes of organisms Numbers of organisms
in c.c.

Type of No. of | No. of|-— 1— | SDIrE.
lake 37;) pond |ponds|sam- Mean | o=8.D P'L'Mean Mean | =3 Moan

(A) Deep; h'i)gh
i);(\i:%%rérmg: 15 | 266] 0.123 | 0.193 0.008 § 15.1 15.0 ) 0.62
cline; good
for trout or
salmon.

(B) Deep; low

©- 5
f()){vsv’%(flrtlarmo- 21 |383| 0.214] 0.304 | 0.010 21.3 1 23.1 0.80

cline; poor
for trout or
salmon -

ZC) Shallow; no

;hggrr;ocllclgi; g | 160 ] 0.267 | 0.351 | 0.019 13.0) 12.4| 0.66

trout or
salmon
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from whiéh, statistical comparisons of volumes and numbers of bot-

tom organisms in these three types (note A, B, & C) of lakes are as
follows:

Volumes in c.c. Numbers of organisms
Comparing | Difference |P.I5. ;4. Diff. Difference |P.E. 1y Diff.
type: of means P of means P.E.
A and B 0.091 0.013 7.0 6.2 1.01 6.1
A and C 0.144 0.021 6.9 2.1 0.91 2.3
B and C 0.053 0.021 2.5 8.3 1.04 8.0

Certain generalizations on abundance of bottom fauna in these
three types of lakes may be made from the above comparisons. The
deep lakes with oxygen deficiency had a much greater number and a
much greater volume of organisms per unit of area than did the trout
and salmon lakes. The organisms in these two types of lakes were of
about the same average size. The shallow lakes had a much greater
volume of organisms but somewhat fewer numbers than the good
trout and salmon lakes. The organisms in the shallow lakes were
much larger than in cither of the other two types of lakes; this dif-
ference in size of organisms was attributable to the abundance of
large forms such as dragonfly nymphs, Mayflies, etc., in the shal-
lower water as comparcd to the predominance of small midge and
Corethra larvae in the decper water. The shallow lakes had a greater
volume of bottom organisms than the deeper, oxygen-deficient lakes,
even though the number of organisms was fewer. The significance of
these differences from the standpoint of game fishes may be inferred.
Those lakes and ponds which have the best water for trout and salmon
have the least volume of bottom food per unit area; and conversely,
those waters which are best adapted for warm-water game fishes have
the greatest volume of bottom food. Of the two types of ponds pri-
marily suited to the warm-water speeies, the shallower ones have by
far the largest food organisms. Among those deep lakes with partial
oxygen deficiency and thus with fair trout water, there is a compar~
atively large volume of bottom food organisms, but the organisms
themselves are mostly small forms. These facts, if applicable to waters
in general, have considerable significance in relation to the intro-
duction of warm-water game fishes in the better trout and salmon
lakes. In this type of lake with the bottom food supply at a mini-
mum, competition for this food is presumably more severe, and this
competition might be still more extreme if species of warm-water

game fishes are introduced. At least this type of lake cannot sup-

port so many individuals of competing bottom-feeding species, and
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this relative scarcity of bottom food might be the reason that the
introduction of warm-water game species reduces or practically
eliminates trout and salmon from the better trout and salmon lakes.

The two principal sources of fish food in lakes and ponds are the
bottom fauna and the plankton. The two together, therefore, are
the principal measures of basic fertility. Some data are here avail-
able for making a general comparison of the abundance of bottom
fauna and of plankton in most of the lakes studied by the survey.
The comparison (to follow) is between the numbers and volumes of
bottom organisms collected during the period from June 18 to Sep-
tember 11, and the volume of plankton collected during the month of
August for all lakes except one from which the samples were taken
in early September. (Sabattus Pond is climinated from the compari-
son because the plankton samples from this pond were collected in
June.) This leaves 43 ponds for which suitable data arc available.
The figures used in this comparison are the average number and vol-
ume of bottom organisms per 9-inch by 9-inch sample for each lake,
and the volume in c.c., as determined by scttling (sce page 69), of all
plankton taken by two 15-foot-to-surface hauls with a Birge closing
net.. The most reliable comparison of the available data on bottom
fauna- and plankton is probably the coefficient of correlation (rg)?
between the average numbers or average volumes of bottom fauna
and the volumes of plankton, as obtained from the individual lakes.
The cocfficient of correlation between these available figures on
volume of hottom fauna and volume of plankton was +0.02; the cocfli-
cient of correlation between the figures on number of bottom organ-
isms and the volume of plankton was 1+0.06. In other words, there
was practically no correlation between the average numbers or vol-
umes of bottom organisms and the volume of plankton in the surface
waters, as indicated by our survey data for these 43 lakes and ponds.

Another attempt to correlate bottom fauna and plankton in these
lakes and ponds, from our survey data, is here made by arranging the
lakes on the basis of volume of plankton into five groups, and com-
paring the average numbers and volumes of bottom organisms for
lakes in these different groups. The 43 lakes and ponds may be

7 a=nZxy —2xZy
b=nZx ~ (Zx)?

a
Isy = ,——s where:
vbxe ¢ =nZy? ~- Zy)r

in which: x = either the number or volume of bottom organisms.
y = the volume of plankton.
n = the nufnber of Iakes or ponds.

. ¥ = the sum of.
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divided on the basis of total volume of plankton taken in two 15-foot-
to-surface hauls mostly in August, as follows:

0.0to 0.6 c.c. of plankton: Hogan, Pennesseewassee, Auburn, Pleasant, An-
droscoggin, Pocasset, Lovejoy, Webb, South, Dexter, and Berry.

0.7 tp 1.2 c.c. of plankton: Taylor, Lower Range, Whitney, Tripp, Echo, Pur-
gatory, C()bbo;@seecontee, Cochnewagan, Wilson in Monmouth, Narrows
(south part), Snow, Long (south part), Great, North in Smithfield, East
Salmon, and McGrath. ’ '

1.3 to 2.4 c.c. of plankton: Middle Range, Parker, Sand, Annabessacook, Nar-
rows (north part), Long (north part), and Embden. '

2.5 E}n &d() c.c. of plankton: Thompson, Allen, David, Maranacook, Torsey, and
vandy.

5.0 to 7.0 c.c. of plankton: Upper Range and Flying.

When thc.ﬁgures on average number and average volume of all bot-
tom organisms per sample for each lake were treated as variants, and
grouped according to the above classification on the abundance of
plankton by volume, the following comparative figures were obtained:

Bottom fauna
Average volumes N ; age
Plankton: [Number igfl c.c. ) hverage numbers
V_()lume of B
‘ ;:L,k,_% N M(Lmi “ UVSD‘ P.E.Memn 3 Mean _,i =3.D. PfE‘Mean
0.0-0.6 11 0.16 0.04 0.008 16.67 8.83 1.80
0.7-1 2 17 0.20 0.11 0.018 16.64 7.59 1.24 )
1.3-2.4 7 0.13 0.10 0.025 17.92 9.48 2.42
2 .5‘3.—6 6 0.26 0.18 0.050 _Ei 38 13.98 3.85
~5.0-7.0 2 0.12 0.05 0.024 12.66 4.71 2.25

This com.parison does not indicate any close correlation between
plankton in the upper waters and either the average volumes or aver-
age numbers of bottom organisms. It is true that the averages of
volumes anq numbers of bottom organisms are quite variable be-
tween the different groups; but, in general, the differences between
any two means are so small in comparison to the probable errors (not
given, but may be readily computed from the above figures) of these
d%fferences, that the differences themselves have relatively little sig-
nificance. Also the two lakes which yielded the most plankton, and
the 1! which yielded the least, had volumes and numbers of b(;ttom
organisms between which the differences are of almost no signifi-
cance. Actually, the two lakes richest in plankton had the fewest
and smallest volume of organisms of any of the groups. The group
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second richest in plankton, however, had thq greatest volume of b}(:t;
tom organisms; and this is the only indication among the _data tha
those lakes which were richer in plankton were also richer in bottom

fauna.

On the basis of both of the above comparisons it c.l()es not ixppglm:
from our data that there was any marked cor.rc.latlor} b(latwk(:(t:n :;
productivity of bottom fauna, and the productwwy (g‘ E an ‘911;1)1(\
the upper layers of water. It is rccogmzcd that thp( a aﬁ d\idll;a,ll(d
might be inadequate for such a compatison, and thalt a }rinow « (h bl :lt
study of a few individual lakes, 111V01y1ng; more thoroug aa{r;lpl tgr((—
all scasons over a period of years, might give somgwhajc 1 1(,1\(;1 b m,_
sults. However, the facts that the aboyo comparison }nv?‘ ;zis aam—
ples bunched during a short period, and .mv,olves. a conmdmi‘z1 ¢ t‘r}ut "
ber of lakes and ponds, tends, in ﬂ}c writer’s opinion, to vahaate the
results of the comparison to a considerable degree.

The extent to which the bottom fauna is uti%ized as food l)y. fishes
in these lakes is discussed in a later section of this repor.t (se(\,.pagc %125').
A pre;ctical application of these data on botfcom Organisms is m:),1 01 1n<
connection with the formulation of a stocking policy for thesc lakes
and ponds (see page 218).

FISHES OF THE LAKES AND PONDS

This account of the fish fauna of ’ghe present group of Ollai{es‘ }11;1»:
been based on collections made with glll.nets and seines, afn ‘ 0 b(q) )()_,
extent on the occurrence of small ﬁshes in tl}e stomachT 0‘ 1g;1m; .,aln,d
cies, and supplemented by information obtained from local I'1s

Game Wardens.

7 ere collected by two gill nets each of the same type, each
37}51?225 l‘;Vy 6 feet with five 75-foot sections of the f01103w1111%/ m;rslg
sizes: 4,2,6,3,and 5 inches stretched measure, or 2,1, h, %) Jnd
214 inches bar measure, and Z(i)thftil}f ﬁg/?:e 1111111’0;; ;;%dp{;(fggt fzz 1;1 Jbat

r. These nets were set in 40 of the ake 1ds A
(cgd;(i individual sets representing 1,86934 hours of net‘tmg'effm:‘. Tl;(;
number of net sets in individual lakes was somewhat in pr opﬁr 10?1dS
the size of the lakes. Only one set was made in the sn(lla p(:i 12,
while from two to four sets were made in the larger Qﬁn s, az 12
sets were made in Great Pond of the Belgrades. 'lh ese ?eth :.86
were made from June 15 to September 11. All but three (2)4 the 8
sets were made over night. Most sets were for from 19 to ours,
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the average for the 86 sets being 21.7 hours. Usually the nets were
set in the morning, they were examined and the fish removed that
evening, and the net was lifted and fish removed the following morn-
ing. (It has been our experience, during the past four summers of
lake surveys in Maine, that these experimental gill nets catch many
more fish during the night than they do during the daytime.) Most
sets were at depths within the limits of 10 to 50 feet. In 56 of the
86 net sets the nets were set with at least part or all of the net deep
enough (that is, below the thermocling) to cateh cold-water fishes,
or clse were in the deepest part of the shallower ponds.

Scine collections were made with a variety of seines, varying from
10 to 50 feet in length and with mesh varying from Common Sense
to onc-fourth inch. Seine collections were made from 37 of the lakes
and ponds and were confined almost entirely to pond waters and not
to tributary streams. Seining was done entirely in the shallow water,
from the shore out to a depth of four feet; and was done entirely dur-
ing the daytime, and between the dates of June 20 and September 11.
A total of 45 seine collections was made, representing a total of 25
hours of actual scining effort. The records of our seining collections
do not include all individuals of some of the species which were col-
lected; Dbut the numbers recorded represent approximately the rela-
tive abundance of the different species.

Information on the distribution and abundance of game fishes was
obtained from local Pish and Game Wardens, by distributing a gen-
eral questionnaire to each warden who gave his opinion of the abun-
dance of cach species in cach lake.

The fish fauna of these 53 lakes and ponds includes possibly 27
species representing 14 families.  Of these 27 species, 22 were col-
lected by gill nets or scines, and one (the fresh-water sculpin) was
recovered only from the stomach of a White Perch; the four others
included the Eel, Brown Trout, and Rainbow Trout which were re-
ported by Wardens to be present, and the Chum Salmon which was
planted rccently in two of the lakes and probably is still present. The
distribution of the 22 species taken by nets, and the type of net by
which they were taken, are given in Table IX. KEstimates of abun-
dance of the different species, as based on survey collections, and the

warden’s estimates of abundance of different species, are given by
lake in Table X.

The records of oceurrence of fishes in the stomachs of game fishes
are summarized in a later section of this report, but are listed here
because they represent records of fish distribution. The species of
fish containing other fish in their stomachs, and the kind and number
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Stomachs of :

Fish in stomachs

White Perch

[ {4

Small-mouthed
Bass

Pike Perch
({1 o
Brook Trout

Togue or Lake
Trout

Land-locked
Salmon

111 3

Chinook Salmon

Smelt

Fallfish
‘White Perch
Yellow Perch

Fresh-water
Sculpin

Smelt
Common Sucker

Red-bellied
Sunfish

White Perch
Yellow Perch

White Perch

Yellow Perch

“ommon Sunfish
Smelt

Golden Shiner
White Perch

Yellow Perch

Smelt
White Perch
Smelt

of fish in these stomach contents, for each lake or pond, were as fol-
lows:

Lake or pond; and number, in (),
of fish in stomachs

Pocasset (1), Echo (62), Sand (1),
A(:fr?abessacgék 7), Maranacook
(668), Long of DBelgrades (3), and
Great Pond (36).

East of Belgrades (1).
Great (2), and Sandy (2).
Androscoggin (1), Pocasset (6), Love-

joy (2), Torsey (46), Great (1), and
East of Belgrades (3).

Maranacook (1).
Auburn (4).
Sabattus (1).

Long of Belgrades (1).
Auburn (7), Snow (1), and Great ).

Auburn (1), Torsey (64), Great (1),
and East of Belgrades (23.

Thompson {2), Wilson in Monmouth
(2), Srl:ow (%), Great (3), and North of
Belgrades (1).

Tripp (1), and North in Woodstock
4).

Parker (1).

Allen (2).

Torsey (1), and Snow (1).

Sabattus (1), Taylor (1), Trip 1)
V%egb (1), Snow (6), Great (8), an
East of Belgrades (1).

Taylor (1), Androscoggin (1), and
Torsey (11).

Great (12).
Great (2).
Pleasant (38), and Great (1).

Smelt South (1), and Embden (3).
Smelt Alsburn (1), Great (21), and Embden
). ’ .
Yellow Perch Auburn (1).
Smelt Great (9).
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The fish fauna of this group of lakes as a whole is predominantlya
game-fish, food-fish, predatory population, with 6 to 7 species of
salmonids, 8 perches, 2 basses, and the pickerel, cusk, smelt, horned
pout, and eel. The whitefish might also be included as a food fish,
and the two sunfishes might be included as being predators to some
extent. The fishes, whose principal value is as forage for the food and
game species, include the Smelt and six other species of which only
the Common Sucker, Golden Shiner, and Fallfish are very widespread
and abundant. Of the food and game species, the White Perch, Yel-
low Perch, Small-mouthed Bass, and Pickerel greatly predominate
in this group of lakes. These four ‘“warm-water species’” definitely
predominate over the salmonids as indicated by our collections, in
spite of continual past stockings of the latter. The Common Sunfish
and Common Sucker are generally very widespread and abundant.
The Horned Pout and Red-bellied Sunfish are fairly abundant, as also
are the Golden Shiner and Fallfish among the minnows. The com-
position of the fish fauna of this group of lakes as a whole may be
judged from a summary of the results of survey gill net and seine col-
lections; the total number of each species of fish taken by the 86
individual gill net sets in 40 of the lakes, the number of cach species
from 37 lakes and ponds in 45 seinc collections, and the number of
individual lakes from which each species was recorded by these col-
lections (includes records of a few fish picked up dead), were:

Total number Total number Number of lakes:

taken by in seine fish taken by
Kind of fish gill nets collections gill net or seine*

Land-locked Salmon........ 7 1 5
Chinook Salmon ........... 4 .. 3
Brook Trout .............. 13 4
Togue .................... 10 .. 3
White Perch .............. 1,627 281 29
Yellow Perch.............. 226 1,181 31
Small-mouthed Bass... ... .. 66 82 31
Large-mouthed Bass ....... 1 14 5
Common Pickerel.......... 78 79 32
Pike Perch or

Walleyed Pike........... 8 .. 1
Whitefish ............... .. 1 .. 1
Cusk ..................... 6 .. 3
Smelt..................... 2 .. 2
Horned Pout.............. 95 198 19
Pumpkinseed or

Common Sunfish......... 117 414 33
Red-bellied Sunfish......... .. 19 177 18
Sunfish hybrid.............

Lepomis gibbosus X

L. auritus............... .. 13 6
Common Sucker ........... 388 694 32
Golden Shiner............. 73 799 21
Fallfish ................. .. 7 344 14
Common Shiner ........... .. - 203 4
Black-nosed Dace.......... R Lo 3 1
Banded Killfish............ 65 5

*Includes récords of a few ﬁshpxcked up:‘:cil’éad.‘
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The trouts and salmons were not encountered, in the 86 gill net
sets, from so many separate lakes and ponds as might have been
expected judging from the extensive recent plantings of these species.
Plantings of salmonids had been made in 42 of the 53 lakes and ponds
during the 7 years preceding the survey. Of these 42 lakes which had
been stocked, gill nets were fished in 35; there were 79 individual net
sets made during which the nets fished for a total of 1,73834 hours;
yet salmonids were collected from only 12 of these lakes and ponds.
Also, the number of individual trout and salmon encountered in the
net sets was not so great as might have been expected to result from
the plantings, as only 34 salmonids were taken by the 1,73834 hours
of gill netting. The average annual stocking of salmonids in this
group of lakes over the preceding 7 years was 640,000 fish; the total
area of the lakes stocked is about 59,000 acres. The results obtained
by gill net sets in the six Rangcley lakes during the summer of 1939
(Cooper, 1940) might be cited for comparison. These Rangeley lakes
and their tributaries had been stocked during the preceding 6 years
with an annual average of 720,000 salmonids; the total arca of these
lakes is about 38,000 acres. A similar type of gill net fished for a
total of 1,14534 hours took 280 salmonids; i.e., in the Rangeleys, the
nets caught more than 10 times as many salmonids in a similar amount
of fishing effort. From this comparison, it is concluded that the lakes
and ponds studied by the present survey do not support nearly so
large salmonid populations as do the Rangeleys, even though the two
lake areas have been stocked at somewhat the same rate in proportion
to their acreage.

The number of salmonids taken by gill nets during the 1940 sur-
vey was, in fact, so few as to make difficult any attempt to evaluate
the stockings in the different lakes. Most of the salmonids (25 out
of 34) which were collected were from lakes which, on the basis of
suitability of the water (see page 66), are excellent trout and salmon
lakes. Exceptions might be noted in the case of survey records of
salmon and trout from Great Pond of the Belgrades, salmon from
Webb and Cobbosseecontee, and trout from Snow Pond. Even in the
better trout and salmon lakes, the net catches indicated small sal-
monid populations resulting from the extensive stocking — records
for the 18 lakes and ponds found to have “excellent” or “good” water
for trout and salmon (see page 66) might be cited. All of these 18
lakes had been stocked previously with salmonids; gill net sets were
made in 15 of them — a total of 24 sets covering 520 hours of fishing;
and these 520 hours of fishing yielded 25 salmonids, or only about
one-fifth as many per comparable netting effort as were caught in
the Rangeleys. Since so few salmonids were taken by the nets, the
records do not offer a basis for a detailed comparison of the success- of
plantings of the different species. No Brown Trout or Rainbow
Trout were obtained from the numerous lakes in which they had been
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stocked, and no Chum Salmon were collected from the two lakes
(Cobbosseecontee and Great Pond) where they were planted in 1938.
Chinook Salmon were obtained from three of the 12 lakes in which
they had been planted; the net records for Brook Trout, Togue, and
Land-locked Salmon were similar. The records of plantings of the
different species of salmonids in the lakes and ponds of the 1940 sur-
vey, and the survey net sets and catches of salmonids, are summar-
ized, as follows:

Number  Total Number
Number Number individ-  hours lakes, Total
Species lakes lakes  ual net of fish  number
planted® netted  sets  netting caught  fish
Brook Trout 29 23 55 1,219%4 4 13
Brown Trout 12 11 17 379 0 0
Rainbow Trout 10 9 15 34314 0 0
Toguce 12 10 30 66714 3 10
Land-locked
Salmon 16 12 39 882 5 7
Chinook Salmon 12 11 34 75744 3 4
Chum Salmon 2 2 15 35214 0 0
Some type of
salmonid 42 35 79 1,7383%4 12 34
*Includes tributaries for togue and the three salmons.

The species of fishes, and their numbers, taken by secines, and as
listed previously, represent the fish fauna of the shore shallows. This
fauna included the young of the warm-water game species, plus
horned pout, sunfishes, suckers, and several species of minnows. The
absence of young salmonids in our seining collections indicates their
general absence in lake shallows, and emphasizes the importance of
planting {ry and fingerling trouts and salmons (except togue) in the
tributary streams — the single fingerling salmon taken by secine was
from the mouth of a tributary of Webb Lake. Since many of the
present scries of lakes and ponds are best adapted for produetion of
the warm-water game fishes, and since the Small-mouthed Bass is
one of the most important of these warm-water species in southern
Maine, the suceess of natural reproduction of the Small-mouth is of
considerable importance to fishing. The number of young bass en-
countered by our scining in the lake shallows was small. From survey
collections and reports by local wardens, it is known that the Small-
mouthed Bass occurs in 48 of the 53 lakes and ponds. Of these 48
lakes, seining collections were made in 35, for a total of 2334 hours of
actual seining cffort. This seining took 82 Small-mouthed Bass
which were mostly fry and fingerlings, or 3.5 bass per hour of seining
effort. This indicated an even smaller population of young bass in
these lakes of the Androscoggin and Kennebee drainages than was
found in lakes and ponds of the Saco River and Sebago Lake drain-
ages in 1938 (Cooper, 1939b), where comparable seining took 7 bass
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or both gill nets and seines (GS)

The distribution of fishes in the lakes and ponds as determined by survey collections with gill
nets (G), seines (8S),

TABLE IX.
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Upper Range Pond
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TABLE IX. The distribution of fishes in the lakes and ponds — Concluded
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_ **G indicates gill net:
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ast Pond of Belgrades
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Salmon Lake
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Clearwater Pond

Wilson Poud
Sandy Pond

¥
B

)

fry and fingerlings per hour of seining effort. We found adult Small-
mouthed Bass heavily parasitized with the bass tapeworm in 8 lakes
(see Table XVI); seining in 7 of these 8 lakes produced about as many
(3.3) young bass per hour as did seining in lakes where we found no
bass tapeworms. However, our data are inadequate to indicate a
possible relationship between extent of this parasitism and the abun-
dance of young bass, for too few young bass were collected.

Further notes on the distribution and abundance of the fishes
known to occur in the lakes and ponds of the present survey are given
in the following annotated list:

Family Osmeridae, Smelts

Smelt (Osmerus mordaz). Smelts were taken by our gill nets from
only two ponds, i.c., Snow and Long. None were taken by seining.
Several dead smelts were picked up on the cast shore of Great Pond,
and specimens of smelts from Wilson Pond in Monmouth and South
Pond in Greenwood were obtained from local fishermen.  Our failure
to take smelts by cither gill net or scine should not be construed to
indicate an absence of this fish, for smelts are mostly too small to be
taken by the gill net which was used, and they apparently do not
frequent the shallow shore waters of lakes and ponds in the summer
time {0 any great extent.  Our best souree of records of the oceur-
rence of smelts was from the stomach contents of game fishes. Smelts
were so taken from Brook Trout, Togue, Land-locked Salmon, Chi-
nook Salmon, Common Pickerel, White Perch, Yellow Pereh, and
Walloyed Pike.  Records of oceurrence of smelt in these fish were
from the following lakes and ponds: Auburn, Allen, Pleasant, Pocas-
set, Ticho, South in Greenwood, Sand, Annabessacook, Maranacook,
Long of Belgrades, Great, and Kmbden.  Most smelts so obtained
were from Maranacook, Great, Heho, Annabessacook, Auburn, and
Pleasant; a very few were from Allen, Pocasset, and Sand.  The
record for Sand Pond suggests that the species is at least still present
even though believed by local wardens (Table X) to be absent.  Re-
ports by the local lish and Game Wardens indicated that smelts arce
present in the majority of the lakes and ponds of the arca.

The lakes of the present survey are the center of considerable inter-
est in connection with different types of smelts.  There are distinet
populations of at least two sizes of smelts: a large race and a small
race, In addition, two distinet forms of smelts have been deseribed
from lakes of the arca. The native smelt of Wilton Pond (or Wilson
Pond) in Wilton was described as Osimerus spectrum, a species differ-
ent from our common form, by Cope in 1870. A second distinct type
of ‘smelt, Osmerus abbotti, was also deseribed by Cope in 1870 from
Clohessicontic Lake (Cobbosseecontee Lake). Kendall (1914) lists

109



several localities of O. abbotti in addition to Cobbosseecontee Lake,
" namely: ponds in Monmouth, Cochnewagan Pond, Sabattus Pond,

Winthrop (Pond?), and Moose Pond and the Sebasticook River (its

outlet). These two supposedly different types of Maine smelts,

spectrum and abbotti, are listed by Jordan, Evermann, and Clark

(1930) as subspecies of the typical and widespread (in Maine) Osmerus

mordax.

Family Coregonidae, Whitefishes

Whitefish (Coregonus clupeaformss). Our only record of Whitefish
was a single fish (see Plate I-B) taken from South Pond in Greenwood
by gill net on September 5, 1940. Local residents reported that the
species is eommon in this pond. A warden report indicates that the
species might also be present in Thompson Lake.

TFamily Salmonidae, Trouts and salmons

Chum or Dog Salmon (Oncorhynchus keta). According to the Ifish
and Game Department’s records, 119,000 fingerling Chum Salmon
were planted in Cobbosseecontee Lake in August, 1938; and 31,000
fingerlings were planted in tributaries of this lake during June and
July, 1938. Also, 16,000 were planted in a tributary of Great Pond
of Belgrades in July, 1938. By the summer of 1940 these fish should
have reached a size sufficient to be caught by gill nets, but none were
so taken. Presumably the plantings in Cobbosseecontee were on a
large enough scale to give successful results, if the species were well
adapted to the lake.

Chinook or King Salmon (Oncorhynchus ishawytscha). Chinook
Salmon have been planted in many lakes in southern Maine during
the past 10 years. During the past seven years they have been
planted in 12 of the 53 lakes and ponds studied by the survey, mostly
in the larger waters. Such plantings have been made most heavily
in Cobbosseecontee Lake and Great Pond, both of which have pro-
duced some Chinook Salmon fishing. In some, if not all, of these
lakes where the species has been planted, the Chinook Salmon is
reaching maturity while being confined entirely to fresh water. Most
of these lakes have screens at their outlets, or else there are impass-
able dams between the lakes and the ocean; thus, while the salmon
smolts might be able to reach the ocean, in most instances the adult
salmon could not get back into these lakes. Fully adult Chinook
Salmon were taken by our nets, and have been commonly taken by
fishermen from many lakes in Maine. These salmon are not only
growing to maturity in our fresh-water lakes, but are attempting, in
some instances at least, to spawn in tributaries or the outlets of some
of the lakes. In the fall of 1937, for example, a spawning run of adult
Chinooks from Cobbosseecontee Lake appeared in the outlet, in the
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first one-fourth mile of the stream down to a permanent fish screen.
The writer visited this section of the stream on October 15, 1937, and
collected 18 dead adult Chinook Salmon (10 males and 8 females)
which were spent fish, and also one immature Chinook which was
found dead. There were about 8 live adults still in the stream, some
of which were females still digging their redds. Local residents re-
ported that these Chinooks came into the outlet several weeks before
they commenced to die, and that about 60 of these fish had died dur-
ing the first two weeks of October. All available evidence indicated
that attempts of the fish to spawn had been successful. There were
several mounds of freshly washed gravel in the stream, which ap-
peared to be salmon redds; the eight adult females found on October
15 were all spent, but cach contained a few ripe eggs which had not
been spawned but which indicated maturity; and these same cight
females all showed evidence of having dug their nests in that the tail
fin and the skin and scales from the under side of the tail end of the
body were badly worn. The success of this natural reproduction is
not known. In the writer’s opinion, the Chinook spawning in this
section of the outlet was not a fair test of the possibility of success of
natural reproduction of the species in Maine waters. There was only
a very limited spawning area available; and it appeared probable
that the nests of most of the carly spawners had been dug up by the
late spawners, for approximately 30 females had spawned in a region
where spawning grounds were available for less than 10 fish. Exami-
nation of the scales of the 19 Chinooks, which were found dead on
October 15, showed that all of the spawning males were five years
old, and that most of the spawning females were four years old. The
18 adult fish were from young of 1933 and 1934, during which years
plantings of Chinooks in Cobbosseeccontee Lake were 76,000 and
80,000 fingerlings, respectively, and in tributaries of the lake, 56,000
fingerlings and 100,000 fry, respectively. The scales further revealed
that rapid growth, presumably in the lake, started the second year,
and that the rate of growth increased with age. The individual
lengths and ages of these 18 adult, and one immature, chinooks from
Cobbossee Stream on October 15, 1937, were as follows:
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Body Total* Age:

length: length: completed Young
Sex inches inches summers of year:
Female 19 ? v 1934
4 193/4 ? 43 [
“ 2014 7 “ : i
13 21 % ? [ .
[£3 21% ‘.; i
(13 21 % ‘. [ (43
« 2144 ? \% 1933
ol 2:3 ? it {<
Male 2034 2334 v 1933
13 21% 24]/é G o
o 21 % 25 (x4 (%3
[13 22 2'[:; 4 ¢
£ 22 25 (X3 i
“ 22% 25% It ik
I 22% 25;‘/3 o ‘o
(53 22% 25 % 19 I3
&5 22% 25,;/4 (g3 [
“ 23 2614 « “
Sex? 4374 ? II 1936

*Total lengths of females were not taken, beeanse the tails wore partly worn
away.

Land-locked Salmon (Salmo sebago). The Land-locked Salmon
was not native to any of the present group of lakes and ponds of the
Androscoggin and Kennebec river drainages. For many years, how-
ever, the species has been widely distributed, by fish cultural opera-
tions, in lakes of southern Maine and including the present group of
lakes. The State TFish and Game Department has planted the spe-
cies, during the past seven years, in 16 of these lakes and ponds,
mostly in the larger and deeper ones. Land-locked Salmon were
taken by gill nets from Auburn, Webb, Sand, Great, and Iimbden
ponds, and reports by local wardens indicated that the species occurs
in several other lakes of the arca.

Brown Trout (Salmo trutta). The Brown Trout has been planted in
12 of the lakes and ponds and in many tributary streams in the area
during the past seven ycars. These plantings have been mostly in
the lakes of the Androscoggin Watcershed, and the heaviest plantings
have been made in Androscoggin and Cobbosseecontce lakes, and
Taylor, Ilying, and Cochnewagan ponds. No Brown Trout were
taken by the several gill net sets in these lakes.

Rainbow Trout (Salmo gairdnerii irideus). The Rainbow Trout
has been planted in 10 of the present group of lakes and ponds, most
heavily in Cobbosseecontee Lake and in North and Fast ponds of
the Belgrade chain. None were taken by our nets.
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Togue or Lake Trout (Cristivomer n. namaycush). The Togue or
Lake Trout had been planted in 12 of these lakes and ponds. Our
soundings and water analyses revealed that almost all of these waters
in which Togue had been planted are excellent Togue lakes. Our gill
nets took Togue from South, Narrows, and Embden ponds, and sev-
cral other lakes in the area are known to be good Togue waters.

Brook Trout or ‘‘Square-tail’”’ (Salvelinus f. fontinalis). Of all of
the salmonids, the Brook Trout has been planted in the greatest
numbers and among the greatest number of ponds of the area. Dur-
ing the preceding seven years the species had been planted in 29 of
the lakes, and extensively in the streams of this area. We obtained
trout by gill net from Pleasant, Snow, Long, and Great ponds.

Ifamily Catostomidae, Suckers

Common Sucker (Calostomus ¢. commersonnii). The Common
Sucker is one of the most abundant and widely distributed fish in the
area. It was taken by nets in 32 lakes, and wardens reported it to be
present in all of the waters with the possible exception of Berry, Sandy,
and limbden ponds.  The species was taken by net from Embden
Pond, and it scems probable that it is present in all of these lakes.
The Common Sucker is apparently ecven more widespread in its dis-
tribution in this area than is the White Perch; and it is sceond in
abundance only to the White Perch. Suckers from one to two pounds
in weight, and sometimes more, were taken from most of the lakes.

I"amily Cyprinidae, Minnows

Black-nosed Dace (Rhinichthys a. atratulus). This is typically a
stream fish. Tt was taken only from IKmbden Pond by seine. It is
possibly more widespread in the streams of the area.

Fallfish (Leucosomus corporalis). The Pallfish was taken commonly
by scines and oceasionally by gill nets from 14 of the lakes and ponds.
Several of those taken by gill nets were from one to two pounds in
weight. According to our records, it is the second most abundant
gpecies of minnow in the lakes of this arca.

Common Shiner ( Notropis ¢. cornulus). This species is usually
more abundant in strcams than in lakes. It was taken by seines
from four lakes.

Golden Shiner (Noiemigonus c. crysoleucas). The Golden Shiner
was found to be the most abundant and widespread species of min-
now in lakes of this area. It is more typically a lake or pond fish.

‘Individuals up to 10 inches long were taken by gill nets from six of
the lakes. ~
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TABLE X. The distribution and abundance of fishes in the lakes and ponds as reported by local State Fish
and Game Wardens,* and as estimated from survey collections ]

The wardens reported the separate species as: abundant (AB), common (C), rare (R), or known to be absent (.). A ? indicates that the war-
den was not certain whether or not the species was present; a ? following an estimate of abundance indieates that the warden was in doubt eoncern-
ing that estimate of abundance, "An indication that a species was absent, as based on the survey collections (Sur), means only that the species was
not taken by our collecting with gill nets and seines. For pond numbers, see Table I :
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TABLE X. The distribution and abundance of fishes in the lakes and ponds — Continued
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Kweder, (L) Deputy

TABLE X. The distribution and abundance of fishes in the lakes and ponds — Concluded

(B) Chief Warden Verne M. Black, (P) Chief Warden Adelbert F. Piper, (K) Deputy Warden
M. Conant, (Pe) Deputy Warden Edwin R, Pearson. (J) Deputy Warden Lewis Johnson, and

, (H) Deputy Warden Walter G. Harris, (Kw) Deputy Warden Albert

Reports from survey collections are indicated by (Sur).
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*Reports were made by the following wardens:
Earle F. Xellar, (C) Deputy Warden Guy Caldwell
‘Warden Wayne Lindsay, (Co) Deputy Warden Oscar

(8) Deputy Warden Randall Shelley.

Family Ameiuridae, Bullheads

Horned Pout or Brown Bullhead (Ameiurus n. nebulosus).  The
Horned Pout or Bullhead was found to be widespread in the area,
particularly in lakes of the Kennebec River drainage where it is fairly
abundant in some lakes. It reaches a length in these waters of about
one foot.

Family Esocidae, Pickerel

Common Pickerel or Chain Pickerel (Esox niger). 'This is one of
the four abundant species of warm-water game fishes in the State.
It was found to be one of the most widespread in its distribution in
lakes of the present survey, having been taken from 32 lakes and
ponds. Most individuals taken by gill net were about two pounds
in weight, while a few were as large as three and one-half pounds.

Family Anguillidae, Iiel

Eel (Anguilla bostoniensis). No eels were collected by our nets; how-
ever, the species has access from the sea to most of these lakes and
ponds, and is undoubtedly present in most of them as indicated by
the wardens’ reports.

FFamily Cyprinodontidae, Killifishes

Banded Killifish (Fundulus d. diaphanus). This fish is sometimes
referred to by fishermen as a “minnow,” but it belongs to a different
family. It has a maximum length of about three inches. It is typi-
cally a lake fish, being found mostly on extensive lake shallows. It
was taken by seine from five lakes, one in the Androscoggin River
drainage and four in the Kennebee. These were mostly large lakes
with extensive wave-swept shallows.

Family Moronidae, River basses

White Perch (Morone americana). The White Perch is one of the
most widespread of the four species of warm-water game fishes of the
area. Judging from our gill net collections, it is the most abundant of
all of the larger fish; the 86 gill net sets in 40 lakes took 2,748 fish,
mostly over 7 inches long, of which more than one-half (1,627) were
White Perch. Young White Perch were one of the three species most
commonly found in the stomachs of the game fishes, the other two be-
ing the Smelt and Yellow Perch.

Family Percidae, Perches

Yellow Perch (Perca flavescens). The Yellow Perch is one of the
mnost widespread and abundant of the four warm-water game species

‘of the area. Although it is here referred to as a game species, it is
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actually of little interest to Mainc fishermen, either for food or for
sport. The minor interest on the part of fishermen in the Yellow
Perch is probably due to the facts that it is usually smaller than the
White Perch and it tends to be eommonly infested with grubs (larval
flukes). Young Yellow Perch were found to be a very important
food item in the diet of the larger game fishes.

Pike Perch or Walleyed Pike (Stizostedion wvitreum). The Pike
Perch was introduced into Great Pond of the Belgrade Lakes about
twenty-five years ago, according to local reports.  The specics is well
established in this lake at the present time. Our gill nets took cight
adult Pike Perch from deep water in Great Pond; these fish weighed
from threc and one-half to seven pounds cach. Warden reports indi-
cated that the species has spread down stream to Long Pond and
Snow Pond, but it is not so abundant in these two lakes as it is in
Great Pond. The Pike Perch in Great Pond affords considerable
fishing by night spearing on the spawning grounds in the spring (sce
Plates XXIV and XXV). The principal spawning grounds known
to fishermen and from which this fish is speared are on the shallows
off the mouth of Salmon Stream or Hatchery Brook ncar North Bel-
grade, around Pine Island, around Foster’s or Pinkham’s Point, over
the shallows which extend from Pine Island to Iorse Point, and off
Snake Point in the northeast arm of the lake (sce map, Iigure 44).
The most fish are speared off the mouth of Hatchery Brook. The
fish are to be found on their spawning grounds as soon as the surface
of the water is free of ice. The State Fish and Game Department
has had no restrictions on spearing Pike Perch in Great Pond for the
past cight years. During the first season, spearing was confined to
the mouth of Hatchery Brook; and, according to Warden Arthur
Rogers, 1,700 Pike Perch were so taken.  According to Rogers, the
average annual eateh by spearing during the past few years has been
several hundred fish.

Family Centrarchidae, Basscs and sunfishes

Small-mouthed Black Bass (Micropterus dolomiew). The Small-
mouthed Bass was not native to Maine, but was introduced here
many years ago. It is now so widespread in southern Maine as to be
more important than some of our native species. It is known to

occur in at least 48, if not all, of the 53 lakes studied by the survey.

The gill nets took fewer large bass than they took White Perch, Yel-
low Perch, or Pickerel. In the writer’s opinion, this does not neces-
sarily indicate a smaller population of bass than of these other spe-
cies, for bass appear to avoid gill nets; thus the comparative numbers
of these species taken by our gill nets (see page 103) may not be sig-
nificant in relation to relative abundance of bass. Bass were taken in
31 lakes and ponds in the area. i
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The bass tapeworm was found to be present in three different
“lake-units” in the area: Pocasset, Parker, and Flying ponds of the
Androscoggin River drainage; Cobbosseecontee Lake; and Snow
Great, North, and East ponds of the Belgrades. The bass WhiC};
were obtained from these lakes were mostly heavily infested with
this parasite (see Table XVI).

Large_-mouthed Black Bass ( I1uro salmoides). The Large-mouthed
Bass is not native to Mainc. It has been introduced into several
lakes in the southern part of the State, but is not nearly so widespread
as‘the Small-mouthed. It was found to be present in two ‘lake-
umts_” of the arca: in Pocasset, Lovejoy, David, and Echo ponds
and in the Belgrade chain. The species was collected from only one’
pond of the Belgrades (Long Pond), but was reported by Wardens to
be present in other lakes of this chain, ‘

Red_—bellied Sunfish (Lepomis auritus). This is one of the two
species of sunfishes which arc widely distributed in Maine. In lakes
of the present arca it is less abundant and less widespread than the
Common or Pumpkinsced Sunfish. It is present in both the An-
droscoggin and Kennebee river drainages. It was not found to be
abundant in the Belgrade Chain, for our only record for the species
%herc(i was a single fish from the stomach of a Yellow Perch from Long
ond.

Pumpkinseed Sunfish or Common Sunfish (Lepomis gibbosus).
The Pumpkinsced or Common Sunfish is the most abundant of the
tw'o species of sunfishes in the present group of lakes. Our nets took
this specics from 33 lakes and ponds, or from more waters than any
other single species of fish.  Fish up to 8 to 10 inches long were ecom-

monly taken in gill nets from many of the lakes.

.Hy.bljid sunfish (Lepomis auritus X Lepomis gibbosus). Thirteen
individuals of hybrids between the two species of Maine sunfishes
were taken from six lakes in all of which either one or both of the
parent species were also collected.

Family Cottidae, Sculpins

F resh-vYater 'SCI.lein (Cottus cognatus). Our only record of this fish
was a single individual from the stomach of a White Perch from
Maranacook Lake.

Family Gadidae, Codfishes
Cusk (Lota maculosa). The Cusk was taken by gill net from Thomp-

- son Lake, and Parker and Flying ponds. The Wardens reported Cusk

to be present in several others of the deeper lakes of the area.
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FOOD HABITS AND AGE AND GROWTH OF THE
WHITE PERCH (Morone americana)

The White Perch (Morone americana) is one of the most abundant
species of fishes in lakes of the southern part of Maine, and it is one
of the most important species to the fishermen. The White Perch is
apparently involved in several important fish-management problems.
It tends to become very abundant and dwarfed in many lakes, which
dwarfing may be due to limitations of the food supply. In its feeding
it is more or less competitive with most of the other game fishes in the
state, and there is considerable evidence that its abundanee in cer-
tain lakes is deleterious to trout or salmon populations. On the
other hand, young perch are an important item in the diet of bass,
pickerel, and other game species. Since the perch is such an impor-
tant fish to the fisherman, and since it apparently has important re-
lationships to our other game species, it is of utmost importance that
an understanding of these problems involving the White Perch be
obtained, so that proper and effective methods might be developed
for the management of perch populations.

During the 1940 survey of lakes and ponds of the Androscoggin
and Kenncbee river drainages, and during the 1938 survey of lakes
and ponds of the Saco and Presumpscot river drainages, a consider-
able number of White Perch was obtained; and these fish, together
with collections from a few other localities, are the subject of the
present discussion of food habits and age and growth of this species.
This account is based on 2,056 fish from 45 lakes and ponds, of which
food habits studies arc based on the examination of stomachs of 1,757
perch from 42 lakes and ponds, and studies on age and growth are
based on the examination of scales of 1,827 fish from 43 lakes and
ponds. (The numbers of fish from each lake are given in Tables XI,
XII, and XIV.) Most of these collections of perch were taken with
experimental gill nets of the type described on page 100, or of asimilar
type with meshes of various sizes and designed to take fish of various
sizes. Exceptions are the collections of perch from Graham Lake
which were taken by hook and line; and the February 3, 1940 collec-
tion of fish from Great Pond which were collected from the screen.in
the outlet of this pond, where these migrating fish had been forced
against the screen by the water current. These perch represent
catches by only one gill net set for some lakes, and from two to twelve

net sets in different parts of the lake in the case of other lakes. The .

net sets were made at various depth-ranges, more in shallow water
than in deep, and were distributed according to depth approximately
in proportion to the distribution of lake area with respect to depth.
Also the amount of ‘time that the nets were fished in each lake was
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roughly in proportion to the size of each lake. It is the writer’s opin-
ion, therefore, that the samples of perch taken by this netting were
representative of the perch populations which were present, to the
degree that the number of net sets was adequate, and to the degree
that the nets were capable of catching fish of different sizes. Of the
2,056 perch from the 45 lakes, 1,822 fish were taken from 44 of the
lakes by a total of 80 individual gill net sets, each net set being at a
different loecality within a given lake. Approximately half as many
additional net sets were made in these same lakes, mostly at greater
depths, without catching any perch. This amount of sampling by
nets was presumably sufficient to give an accurate picture of the perch
population of this group of lakes as a whole. The ability of the gill
nets to catch perch of various sizes is readily indicated by the length
frequency distribution of the fish. Of the 1,827 White Perch from 43
lakes and ponds, which were used for the present studies on age and
growth (see Table XIV), 1,593 fish were collected from 42 lakes by
experimental gill nets. The length frequency distributions of body
or standard lengths in millimeters, by frequency- classes, of these
1,593 White Perch, for groups of lakes and some individual lakes
(A to G — see below), were as follows:

111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 Total
to to to to to to to to to to to to to to to to to to to to
120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300 310

A . 10 23 17 14 5 8 10 19 13 19 25 28 29 10 2 2 3 1 238
B 2 47 124 51 47 43 19 35 40 21 24 14 13 8 12 4 5 . 509
C . 14 3% 6 4 1. 1 1 . . . . . . . . . 61
D 22 43 11 14 25 16 8 3 1 . . . 1 1 . . . . . 145
B . . - . . . . 26 63 13 1 . . . . . . . 103
¥ 2 12 4 5 11 15 43 21 26 4 1 3 2 . . . ) . 157
G 23 76 72 30 10 13 11 46 36 24 13 13 5 7 6 2 . . . 380

Total 2 108 209 167 117 103 69 105 147 167 78 48 54 44 49 20 9 3 3 1 1,593

in which the White Perch from different lakes were grouped as follows:

A = All collections made in 1938 (from 15 lakes).

B = All collections from the Belgrade Chain of lakes (Snow, Long, Great, North,
and East), except the I'ebruary 3, 1940 collection from Great Pond.

C = Collections from Sabattus Pond.

D = Collections from Webb Lake.

E = Collection from Cochnewagan Pond.

F = Collections from Pushaw Pond.

G = All other collections made.in 1940 (from 17 lakes).

The gill net used for the 1938 collections was 475 feet long by 6 feet
deep, and was made up of five 75-foot sections with mesh of 4, 2, 6,
3, and 5 inches stretched measure, plus a 70-foot section of net with
2 3/8-inch mesh and a 30-foot section with 234-inch mesh. All other
collections were made with 375-foot nets of five 75-foot sections of
4-, 2-, 6~ 3-, and 5-inch mesh. Judging from the length frequencies
of the 1,593 fish, these nets were incapable of catching White Perch
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of a body length of less than about 120 millimeters or a total length
of about 6 inches. Of perch above a length of 120 millimeters the
nets took large and fairly uniform numbers of fish of each size-group,
with gradually decreasing numbers of fish in the size-groups above
210 ‘millimeters. This decrease in numbers among size-groups of
over:210 millimeters in body length, or about 10 inches in total length,
was to be expected judging from the usual maximum size of the spe-
cies in the different lakes as known from returns of fishing. Within
the above length-frequency distribution of all perch, the high num-
ber of fish in the 131-140 class, and the relatively low number in the
171-180 class, may warrant further comment. The 131- to 140-mil-
limeter fish were caught mostly in the 2-inch mesh, and fish of this
size might have been captured more readily than slightly larger or
smaller fish by this size of nctting. The low number of 171- to 180-
millimeter fish, as compared to the high numbers of fish from 181 to
210 millimeters, may have been due to net selectivity to some extent
but was obviously due more to other factors, including schooling of
the fish in size groups or other peculiarities of size distribution of
perch in the individual lakes. The relatively high numbers of perch
from 191 to 210 millimeters in length, for example, were attributable
mostly to the single gill net collection of 103 fish from Cochnewagan
Pond; this collection obviously represented a school of uniformly
large fish. The fish, smaller than 120 millimeters, which the nect
failed to catch were naturally the younger fish. No first- or second-
vear fish were included in the collections, and only 9 fish in their
third summer of life were present. The 1,593 White Perch were dis-
tributed according to age (includes the calendar year in which they
were collected) as follows:

Summer
of life: I IV V VI VI VIID X X  XI XII XITE XIV XV XVI XVII

Number

of fish: 4 236 123 220 227 211 211 156 115 42 22 14 5 1 1
The fish from Grabam Lake and the fish in the February 3, 1940
collection from Great Pond also were all at least 4 summers old.
Food habits studies were made on some White Perch of which the
ages were not determined; however, these fish were of the same gen-
eral size range, and presumable age composition, as were the 1,593
fish cited above. The present studies on food habits and age and
growth, therefore, deal with samples of fish mostly above 6 inches in
total length and at least 4 summers old; and these fish were distrib-
uted fairly uniformly throughout the size and age distribution above
these limits in proportion to an expected normal life cycle.

Stomachs of the perch were preserved in 10 per cent formalin. The
food items in each stomach were counted. The total volume of food
in each stomach, and the volumes of each type, were measured by
water displacement; the smallest volumes were estimated as parts
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of a measured total volume of the contents of an individual stomach
L‘engths and weights were taken from the fish in a fresh condition:
flhe perch were measured mostly to the nearest millimeter; in some
instances to the nearest 0.5 centimeter or to 1 /16 inch. All lengths
are here given to the nearest 0.1 inch. Weights were taken to the
nc.aros.t gram, and are here given to the nearest 0.1 ounce. Age deter-
minations were made from the scales, mostly from plastacele impres-
sions,

Fopd habits of the White Perch. The 1,757 White Perch, on
which this account is based, were from 42 lukes and ponds. ’1,‘hey
were collected mostly during the summer (June 15 to September 15)
the exceptions being fish from Graham Lake, Pushaw Pond, and thé
1936 collection from Long Pond of the Belgrades. They ,\/VOI‘C col-
lgc‘md mostly by gill nets, and more by over-night sets than by day-
time sets, but in considerable numbers by the latter. They.f were
colle(:.t()d from a wide range in depth of water. The present results
therefore, represent average feeding habits of perch, over 6 inches ir;
length, during the summer months. The number and size range of
White Perch from cach lake, the dates of collection, the total stomach
contents, z%nd the volumes and numbers of different types of food
organisms in the stomachs, arc given for the 1940 survéy collections
in Table XTI and for other collections and other lakes in Table XII.

The summer diet of the White Perch was almost exclusively of
arthropods and fish, with the arthropods the much more important
of the two.  Almost no vegetable material was found in the stomachs.
Of the arthropods, the aquatic insccts were most important, water
ﬂeas and fresh-water shrimp were of some importance, and terrestrial
msects were of almost no importance. Mayfly nymphs made up
about half of the total volume of food from all perch. Next in impor-
tance among the aquatic insects were caddisfly larvae, dragonfly
nymphs, and midge larvae. Alderfly larvae, mosquito larvae, and
other aquatic insects were of less importance. Among the ﬁsh’es 80
fzyr as they could be identified, the most important items in the pe’rch
diet were the Smelt, Yellow Perch, and White Perch. Leeches, aquatic
earthworms, small clams, and snails were of little importance. The
water fleas taken from all perch represented only about 5 per cent
of the total volume of food; on the other hand, the total number
(over 100,000) of water fleas was much greater than of any other
type of food, and their occurrence in the perch stomachs was quite
general. The total volume of stomach contents of the 1,252 perch
taken by the 1940 survey was 653 c.c. (Table XI), of which the per-
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centages made up by different types of food organisms were as follows:

Leeches ............... 0.004 Ants. ... ... .. ..., 0.86
Aquatic earthworms.... 0.08 Insect remains....... .. 0.08
Water fleas............ 5.76 All aqautic insects. .. 60.29
Fresh-water shrimp .... 2.22 Water mites........... 0.00+
Crayfish .............. 4.03 Snails. .. .............. 0.02
All Crustaceans...... 12.00 Pill clams. ............ 0.01
Alderfly larvae ........ 1.68 Smelt................. 9.09
Mayfly nymphs........ 44 .21 Fallfish ............... 0.91
Dragonfly nymphs..... 5.59 Yellow Perch.......... 10.08
Damselfly nymphs. .. .. 0.28 White Perch .......... 3.79
Back swimmers........ 0.00- T'resh-water Sculpin.... 0.01
Beetle larvae. . ... ... .. 0.03 Fish remains.......... 2.39
Caddisfly larvae....... 3.27 All fish............... 26.27
Cranefly larvae..... ... 0.00+ Vegetation ............ 0.09
Midge larvae.......... 3.18 Unknown ............. 0.38

Mosquito larvae.......
Total.............. 100.00

The 505 perch from collections from other than the 1940 summer
survey contained mostly these same food types in about the same
proportions, notable differences being greater percentages of dragon-
fly nymphs and caddisfly larvae (Table XII).

The present study on food habits of the White Perch, together
with the data obtained on amounts of different kinds of bottom food
organisms present in many of the same lakes from which the perch
were collected, offers an opportunity to examine the degree of selec-
tivity exhibited by this fish in its feeding habits. This present com-
parison deals only with the organisms of the bottom fauna and the
bottom organisms found in the perch stomachs; thus it deals with the
degree of selectivity of the perch as it feeds on the bottom fauna.
The data here used are for stomachs of perch collected during the
summer of 1940 and for bottom samples collected from the same
lakes during the same period. The data used to represent the bot-
tom fauna (from Table VII) are the average amounts of different
types of organisms in all bottom samples from each lake; they pre-
sumably represent, therefore, the bottom fauna for each lake as a
whole. The perch were collected by gill nets from different depth
ranges in the different lakes; but were collected more in shallow
water than in deep, as were also the bottom samples. Data were
available for 23 lakes of the 1940 survey, on both bottom fauna (490-
bottom samples) and stomach contents of White Perch (1,249 fish).
Comparative figures on volumes and numbers of each type of bottom
organism in the bottom fauna and in the perch stomachs are given
for each lake, and for all lakes combined, in Table XIII. The figures
for perch stomachs are the percentages of the volume and number of
each type of bottom organism to the total volume and number of all
bottom organisms (not including other types of food) in the perch

stomachs; the figures for the bottom fauna are the percentages of
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the volume and number of each type of organism in the bottom fauna.
The totals, given at the end of Table XIII, represent the 1,249 perch
stomachs and the 490 bottom samples as a whole ; these data for all
perch and all bottom samples are represented graphically in Figure
4. The more obvious conclusions to be drawn from this comparison
relate to the role of the molluses, Mayflies, and midges in the diet of
the White Perch, and to the differences involved in using either vol-
umes or numbers as the basis for the comparison. It has been shown
previously (page 125) that, among 1,757 perch from 42 lakes, snails
and clams were fed upon only to a very small extent. Among the
perch referred to in the present comparison of food with the bottom
fauna, practically no molluses were present in the stomachs, even
thoggh they were relatively abundant in the bottom fauna. The
ObV}ogs conclusion is that these White Perch were almost completely
avoiding snails and clams in their feeding. This avoidance of the
molluscs. could not be attributed to their large size, for the snails of
the family Amnicolidae, the pill clams, and most of the other mol-
luses, were small enough to be caten readily. These 1,249 fish from
the 23 lakes had fed mostly on aquatic insects and fresh-water shrimp
Qf the bottom fauna. The question of the use of volumes of organ-
Isms as a measure of scleetive feeding, as opposed to the use of num-
bers, must be considered in evaluating the results of this comparison.
The number of food organisms is presumably the better index of the
amount of cffort on the part of the fish in seeking and capturing its
food; while volume of food is presumably the better index of the
amount of benefit which the fish obtains from it, A comparison of
numbers with volumes gives an index of the degree to which the fish
selects 1‘:110 larger or smaller organisms of a given type. From the
standpoint of numbers of organisms, these perch had fed mostly on
the four most abundant types (except molluses) of food, i.c., rriidge
larvae, fresh-water shrimp, mosquito larvae, and Mayfly nymphs.
Nearly half (49%) of the bottom organisms which they contained
were midges; and the midges apparently were being selected to a
considerable extent, since they made up only 29 per cent of the bot-
tom fauna. A still greater degree of sclectivity was indicated for
f,resh—-water shrimp which made up 22 per cent of all bottom organ-
1sms in the perch but made up only 5 per cent of the bottom fauna.
Some numerical selectivity was also shown for Mayflies and caddis-
flies. The numerical selectivity for these types of insects was mostly
the result_of the fact that molluscs were avoided. Mosquito larvae
were relatively somewhat more abundant in the bottom fauna than
in t‘he perch stomachs. From the standpoint of volume of food or-
ganismsg, the_se perch had fed mostly on Mayfly nymphs (669%), and
only to a slight extent on dragonflies, caddisflies, midges, crayfish,
frf.esh-w.ater shrimp, and mosquitoes. Thus while Mayflies were 3
minor item numerically, they were by far the most important from
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TABLE XI. Volumes in cubic centimeters and numbers (in parentheses) of food organisms in stomachs of 1,252 White
’ Perch (Morone americana) from 25 lakes and ponds of the 1940 lake survey

(For pond numbers, see Table I)
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Febb Sept. 0- | 144(123) | 6.1 | 33.635 122.230 | 0.191 | .... | 0.995| 2.208 | 1.18 | 0.05 | 0.249 | ..... 3.40010. 574} «vee | aenn | enn | 2,43
11 12. 3|(27,065) | (26,230)] (236) (15) | (76) (6) 2 (49) (444) 1(4) 3)
lomth Sept. 5 (1) 8.7 0.1 [ O O N S S e
| 300) | (300)
hemgatory Aug. 15 2(2) 6.8~ | 2.45 ... ... cee. | L1 LI e 10,05 Ll 0.15 | .... 0,05
C11.0| (78) (21 | (20 (10 (20) 3)
mnd Aug. 16 2(2) 9.7-| 0.7 0.3 |..... ST RO AU U TR IR ceee fe.e. |01
1.4 (503) . ! (500) 1)

Ccobosseecontee | Aug. 7 | 37(30) | 8.1~ | 7.909h ...... 0.389 | 0.05 | 0.218 1,680l 1,641 1,304 1 1.803 | 0.086 | 0.078] ... | ... | ..o. | ... 10.617
10 10.0] (5790) ©92) | (1) | (&) (33) (3 | 601 | (5487 | (85) | (Re- (4)
mains) _
Arnzabessacook | Aug. 5- | 31(25) | 6.3-| 8.21 10.47 | 0.015 0.2 | 0.055 0.335 1.049] 0.052 | 1.102 | 0.067 | 0.45 {0.055] 8.86 | .... | .... |0.5
7 0.7 | (130m | ooy | (13 @ | (& @ ® | & (314) | (35 | (Re- |3 | d7) (1)
‘ mains)
Cochnewagan June 18- | 102(87) | 9.1~ | 26.065 | 1.285 | 4.8354 | .... | 0.06 | 9.177] 2.02 | 8.044 | 0.736 | 0.004 | .... 0.075] ... | .oov | .ou. Lo 031
19 10. 4| (6244) | (2060) | (2047) ) o7y ! dsy | @63y | G1H | & (2)
S s U IVt o Y o
Wison (P.678) | July 30— | 33(23) | 6.4 | 10.921 ] 0.01 | ..... oo 11533 5085 L0 | ... 0.1 0.011 0.2
Aug. 1 10.9] (323) | (Re- (79) | (180) | (42) (10) (in (0
. i mains)
Maranacook TAug. 14 | 89(82) | 6.1- | 87.66 {2,021 | 2.451 | .... | 0.42 | 37.677| 5.595 1.18 | 0.879 | 4.657 | .... |0.022/30.075 | .... | .... |1 683 |0.1
12. 4] (8961) | (2925) | (991) (24) | (1036) | (38) | (30) | (139) | (1100) M |(668) 3)
Forsey July 31 (1) 1L0] 5.0 .. ... ]..... U U A U U R i 1.6
(50 () ‘ (46)
row June 27— | 82(35) | 5.9- | 15.351 1 0.045 | 0.567 | .... | 0.35 | 7.014] 2.52 | 3.369 | 0.62 | 0.565 | .... |0.301
July 3 118 (2031) 4 (430) | (414) a1 | @3 | G0y | 97 | (1) | (329 (1)
Long of Belgrades
South Part | June 26— | 25(18) | 10.0~| 14.16 | 0.617 | 1.246 | .... | 0.03 | 9.027] 0.990! 0.09 | 0.053 |o0.601| .... lo.5 | .... | ....|.... |0.85 |o.147
27 12. 3] (3336) | (2700) | (494) (1) 96) | (D (1) (46) (201) @ (3)
North Part | June 21— | 20(25) | 6.2- | 18.215 | 0.405 | 2.58 | 7.0 | 1.194| 4.113| 0.68 | 0.005 | 0.052 | ..... R
25 1.3 (1083) | (60) @33 | & | Ge | D |G | D (46) (16) | (8) (3)
3reatof Belgrades| June 17— | 315(251) | 5.9~ |124.186 | 4.676 | 2.08 113.823] 4.008| 48.911 1.514] £.80¢ | 6.586 | 0.151 | .... [0.171] 8.776 | 0.7 [22.5 |5.481 |0.005
Sept. 8 12.8((18,280) | (11,575) (1270) |(3%) | (is9)| (228) | (&) | (243) | (2348) | (139) @ | @e |1 @ |15
North of Belgrades| July 90— 35(30) | 6.2- | 15.08 | ...... 0.025 | 2.46 | .... | 10.926l 1.17 | 0.025 | 0.069 | ..... R T T R TR
11 13. 2 (233) 22 | 3 23 | Gy | 6 (71) (1) (1
%as- of Belgrades | July 11— | 81(78) | 6.1— | 80.28 [ 2.768 | 0.08 |.... | 0.06 | 35.554| 0.4 | 0.185|0.016 | 0.087 | .... | ... |.... [3e.8 |.... |6.43
13 13. 1| (11,018)| (10.650)| (29) e (278) | (4) (3 17 (28) (3) 3
ndy July 28 1212) | 9.8 | 9.85 §0.197 | 0.837 | .... | .... | 3.67 |27 |..... 0.059 |0.318 | ... | ... ... |....|2.2n01
12.4) (803) | 200) | (274) (i9) | 31 (66) (210) @ |
Totals “June 17~ 11252(1087) | 5.9 |653.298 | 37.536 |14.494 |26.333/10.955288. 817|36. 404|21. 361 |20.795 |12.857 | 5.602/3.297159. 380 (63.835|24.774|21.65613. 112
Sept. 11 18. 5| (94,101} (60,465)|(6,881) |(46) |(420) |(3,113)| (296) |(1,434) |(15,452) (4,086)} ©28) [(62) |(788) |39 |@) @D
|

*#Includes: Leeches, aquatic earthworms, damsclly nymphs, back swimmers, beetle larvae, cranefly larvae, insect remains, water mites, snails, and pill clams.
=%Includes: Fallfish, fresh-water sculpin, and fish remains,




TABLE XII. Volumes in cubic centimeters and numbers (in parentheses) of food organisms in stomachs of 505 White
‘ Perch (Morone americana) from 19 lakes and ponds
Data are in addition to those given in Table XI
.2
Fish Examined ‘ " =
< 2 e
Number . ) S @ _ g S z 5 -
of fish; 3 s | § £ 28 | E 5% 52 1€ ] g
Date of |land num-| Range ~ 1z 5.3 gz | 3~ 82 3 5] B 23ie |8 L
Name of pond |Pond| collec- ber of in 3.8 2E > 5 N £g P £s =~ 188|018 |5 =5 | B4
num- tion fish, in total 3| m g b o3 =2 £5 18 29 $|.S18% ~ 2 wE Bk
ber (), con- | length | Total RS 28 <) B2 8g 25188 32 |28 g5 5§ gg 8s| &8 3o
taining | in [stomach . S1S3| 28 | &5 | =2 | =3 £ g% £ (2512285 l25 |3 S| 850 | B8
food | inches contents S122| 38 | A2 | &S | 38 | =9 |8 52 £SO |S2|E%|BS| 3 |8%
Long of
Belgrades .
{North) 718 | Nov. 6-7, 30(19) 8. 1- 9.67 | ...... 0.23 0.3 [0.812| 2.14 0.75 1 0.18 0.028 [ ... | .. §..v0s 1.2 1. 98 2,05
1936 10.8] (560) (2553) (1) |35 (228) (4) (¢3] (32) (€3] 1) 4
Great of
Belgrades 719 | June 23— 81(71) 7.8- | 76.32 .93 0.20210.5 {0.426{ 8.953 | 0.96 {51.99 0. 069 3.05 .9 1.84 | 0.5
26, 1937 10. 2] (13,097, (5300) (199) |[(1) {(13) (172) (12) (4864) (26) (2000) | (6) (504)
Mousam Pond 63 | July 28— 5(2) 7.0- 0.35 ! ...... Q. 003 0.047 | ... | ..., 0.3 J ..o o] .
. 30, 1937 10.8| (804) 3) (1) (800)
Moose Pond 182 | July 17— 27(26) 8.5~ | 10.96 0.05 0. 823 0.001| 3.449 [ 4.64 | , ..., 0.163 |0.966 0.708 0.16
18, 1938 11.7| (1915) (500) (603) i)} (23) (35) (218) ((505) (29) (1)
Beaver Pond 183 | July 21— 11(11) 9.8~ 127.86 ¢ .. ... ] ..., 0.05 {21.44 0.31 | ..... 0.003 {0.0L { .. | ..... 2.3 1 1.487 2.0
22, 1938 14. 0] (248) 3) (215) (2) (3) 17) (2) )
Kezar Lake 238 | July 20— 4(2) 9. 8- [S700 5 S E I (T O P S A RN 0.1 0. 09
21, 1938 12.6] (U ()] (1)
Sebago Lake 201 | Aug. 4-3, 12(9) 10.4— 9.75 0 ... 4 ... 0.11 [0 T I I I P 8. 64 0.5
1938 4.4 (74) @ (1) (68) 3)
Adams Pond 307 | July 1-2, 4(4) 8.7- 5.0 Ji..o..0 e, 0.01 ] 2.89 0.4 0.1 1.4 0.2
1938 9.5 (311) (1) [Cre) [¢}] (2) (208) (4)
Long Lake 309 | July 7-8, 11(8) 6.4 0.932 1 ...... 0. 006 0.314 | .... | ..... 0.012 y ... | .. | . ... 0.6
1938 7.8 (729) (6) (13) (10) (700)
Highland Lake | 314 | June 29— 10(10) | 10.0- 6.25 ) 1.127 0.1 1.730 1 0.7 | ..... 0.004 10.002 0.3 1.778
i 30, 1938 12.7] (801) (700) (34) (4) (30) (4) (4) (2) (9) (14)

i I
Rearns Pond | 315 | July 25- w 27 s Vo I | 3.1
26, 1938 8 I R R T ®
Jear Pond 321 | July 28~ 2(2) 7.5— 5.7 ..o .. 0.2 0.5 | ..... 0.05 5
' 29, 1938 4.4 (18 (8 @ | & 214)1 ?5)83
¥rswal Lake | 32¢ | July 27- 13 | a1 | 1.3 L3 R T A D
28, 1938 9.8 | (7500 (7500) | Tyttt ey
Messant Lake | 327 | Aug. 11- 32 | 77— Lot ... IO P U RO RO 0.0t 1.0
12, 1928 12,60 (G0 | | [ M A R )
homas Pond | 856 | Aug. 17— | 914(91)| 6.5~ | 57.431 ¢ 168 0.168(13. 256 {17.755 0.03 | 3.772 0.01] 0.06 | 4.75 5
. ( 5= | ST.481 0 ... . .168/13. 2 7551 0. ) ) ) 1.263| 1.1 [6.27] 5.819] 0.01
19, 1938 12,4 (2073 ( 3) (8 |(246) 1(103) | (1) (2518) R (10) Gl @] G
la:tlesnake 359 | Aug. 22— 27323 6.6- | 10.512 0.137 9.45 | 1.48 [ 0.4 | 0.11 | 0.215 5.25
) 5120 ... . ) . ) RN PSR U I L. . . .
Pond 23, 1038 13.0] (198) 42 an | égsy | | @ G2 <1)1 %1)3 ?23)0 0.07
‘lﬁbithday . N
ce 372 | Aug. 13- & | 8.5 2,11 ;... . 0.0t |o.02] . .... 0. ...
14, 1937 9.4 1 ) 2 A AR R TR A ?5)08
iraham Lake** Jan. 29— 30(3) 9.5~ D B T O T R R
Feb. 12, S5 ] G )R E I N A S N A R A e (()i)7 (()2>4 ?
1939
‘ashaw Pond Oct. 14~ 118(88) | 5.2- | 31.31 | 2.829 | 4758 1.199 | 4.779] 0.731 | 0.023
. . ) ] .02 1,341 10. ] . .
o 16, 1940 10,9 <51,211,U (28,730 (2,222) (72) | (46) | (78} | (22) (29) @ %7)4 %5)04 L
Totals Nov., 1936-1 505(388) | 5.2- |260.615 | 609 | 7.454 10.8 |2.017|57. 227 {31.714/33. 141 | 5.999 |0. 9780 5 5
. .8 |2, ) 31. . . .01| 7.809 |19. 49|11, 2|5, 363|10. 88/8. 57(27. 464| 4. 89
Aug., 1940 *1%. 460, 1489)) (42, /30)| (B.380)| () [78) 1L, 143 |2iD) |(1,946) (3,958)|(524) |(3) | (2,070){(8%) [(3) ((6) |(14) 1(10) |(598) | (700)

’f“l_\liscellaneous aquatic invertebrates’’ includes:
*#Fish from Graham Lake were taken through the

Insect remains, leeches, aguatic earthworms, damselfly nymphs, and beetle larvae
ice with hook and line.
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of bottom organisms in the bottom faunas, and percentages of volumes and numbers of each type of bottom organism to all bottom organisms in stomachs of

1] of 490 bottom samples and 1,249 perch stomachs from 23 lakes and ponds. For numbers of bottom samples and perch stomachs from each pond, sec Tables VI and X1
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the standpoint of volume; in comparison, the midges, shrimp, and
mosquitoes were of greater numerical importance but of minor impor-
tanee from the standpoint of volume. The perch were selecting more
volume of Mayflics, in proportion to what was available, than of any
other food type, but were also scleeting more volume of most other
insects; this selectivity for quantity of insects was the result of an
avoidance of the molluses which made up a larger proportion of the
bottom fauna volumetrically than numerically. The fact that the
numerical occurrence of Mayflies was relatively small, while their
occeurrence by volume was great, indicates that the pereh were select-
ing by far the larger Mayflies and avoiding the smaller ones. On the
other hand, the data for the midge larvae would indicate just the
reverse in sclectivity, i.c., that the perch were selecting the smaller
midges and avoiding the larger ones; such a habit, in the writer’s
opinion, is difficult to ascribe to the White Perch with its large mouth
and voracious feeding habits, unless it is due more to neecessity than
willful sclectivity. In fact, it is quite possible that most or all of the
tendencies toward selectivity in the feeding habits of the White Perch,
as indicated from these data, may have been more the result of varia-
tions in availability of different types or sizes of food organisms, either
as these organisms were distributed over different depths of the lakes
or as they were buried to different depths in the bottom soil, than to
willful selectivity by the fish.  In either event, the results indicate
the amount of cach type of bottom food which was caten by the fish
as compared to the amount of each type present in the bottom fauna.

Age and growth of the White Perch. This account of the age,
growth, and related phenomena in the life history of the White Perch
has been based on a study of the scales (mostly plastacele impres-
sions) of 1,827 fish from 43 lakes. The names of the lakes, the num-
ber of fish from cach, and the dates of colleetion are given in Table
XIV. Practically all of these fish were over 6 inches in total length,
but above this length the size-frequency distribution of the fish was
fairly uniform but with gradually decrcasing numbers of larger fish.
As has already been pointed out (page 124), the omission of fish less
than 6 inches long has resulted in the omission of almost all fish less
than 4 summers old. The study therefore deals with fish mostly at
least 4 summers old and mostly over 6 inches in length (the legal
length limit for this species in Maine). The present account involves
the length, weight, and age of fish at the time they were collected;
computed lengths for fish at the end of previous growing seasons are
not involved.

Structure of scales. The structure of the scales of the White Perch,
and the characteristics of the annulus or “winter mark,” are deseribed
here very briefly. Several photographs of plastacele impressions of
perch scales are reproduced on Plates IV to XXIII. The White Perch.
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scale is very similar to the scales of centrarchid fishes, of which a de-
tailed description has been given by Creaser (1926). The scales of the
White Perch (and of other bony fishes) are flat or slightly rounded
plates, made up of two layers. The outer or hyalodentine layer is a
deposit of mineral salts. On the surface of this outer layer are num-
erous ridges or cireuli, composed also of hardened deposits of mineral
salts and arranged semiconcentrically around the anterior (or upper,
on Plates IV to XXIII) part of the scale. During growth of the fish
the scale is enlarged by the addition of scale material around its
margin, and the ridges or circuli are added near the expanding mar-
gin. Usually, many ridges are formed during each growing season,
and their shape and arrangement vary with the different parts of a
growing season. The annulus, or “year mark,” or “winter mark,”
is a line of demarcation of the interruption of the ecirculi formation
in the fall as it is followed by a different formation of the circuli of
the following spring or summer. The chief characteristics of the
annulus of the White Perch scale, as evident in the accompanying
scale photographs, are as follows:

(1) The circuli of late fall growth are left incomplete along the
lateral margins of the scale by a cessation of growth during the
winter. When scale growth is resumed the following spring,
these incomplete eirculi or ridges are not extended but are left
incomplete; rather, the first circulus formed in the spring com-
pletely encircles most of the scale, ‘“‘cutting across” the ends
of the incomplete circuli of the preceding fall.  (Sce especially
Plate IX.)

(2) The first circulus forming in the spring, after the 3rd or 4th
“winter mark,” curves uniformly around the posterolateral
field of the scale. Successive circull or ridges passing across
this field tend to flare outward more and more as the scale
grows during that season. This flaring is then interrupted by
the first circulus of the following spring. (See Plate I1X.)

(3) In the anterior field of the scale, between radii, sections of
those circuli which are formed during normal growth tend to
curve toward the focus of the seale. With resumption of
growth in the spring, the segments of the first circulus between
the radii in this anterior field tend to be straight. These
straight segments of this first spring circulus tend to form a
straight line across this field, in contrast to the curved seg-
ments of the preceding and following circuli. (See Plates XI
and XIX.)

The ages of the perch here discussed were determined by the number
~of the annuli as shown on the scales.
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Size, age, and mortality. The age of each of the 1,827 White
Perch was determined, and these fish have been combined by age
groups for each lake. The number of fish, and their average lengths
and weight and ranges in lengths and weight are given for each age
group for each lake in Table XIV. Ages include the calendar year in
which the fish were collected, with the exceptions of fish from Graham
Lake and fish in the February 3, 1940 collection from Great Pond;
for example, a V-fish collected in the summer of 1940 was a young of
the year 1936.

The smallest fish taken from most of the lakes were about 6 to 614
inches in total length, and were of about 114 ounces in weight, but
these minimum lengths and weights are of little special interest ex-
cept that they indicate the lower size limit of fish taken by the nets.
The maximum size is of more interest, since our collections were pre-
sumably representative samples of the larger fish. Perch over 10
inches in length were taken from most of the lakes; fish over 12 inches
in length were taken from more than half of the lakes; and perch at
least 14 inches long were taken from 4 lakes. The two largest fish
were 14.4 inches long and were from Scbago Lake and Bear Pond.
These larger fish were mostly over a pound in weight (fish from 15
lakes); fish of over 20 ounces in weight were obtained from 6 lakes;
and the heaviest fish of 27.2 ounces was the 14.4-inch fish from Bear
Pond. There were relatively few fish above 12 inches long (see fre-
quency distribution of body lengths, on page 123); and there was a
decided drop in numbers of fish in our samples above a length of
about 10 inches, indicating a considerable mortality among perch
after this size is reached.

The age distribution of those fish taken by gill net has been cited
previously (page 124). If to this frequency are added the perch taken
by other means (ages as given in Table XIV), the following age fre-
quency for all fish is obtained:

Summer

of life:  JTII 1V vV VI VI VIII IX X XI XII XIII XIV XV XVI XVIT
Number

of fish: 10 236 146 326 276 234 218 161 115 42 22 14 5 1 1

The oldest fish, in its 17th summer of life (see Plates XXII and
XXIITI), was from Webb Lake in Weld. It was 12.3 inches long and
weighed 14.6 ounces; it was, therefore, far from being the largest
perch. The second oldest fish, in its 16th summer, was also from Webb
Lake; it was only 11.9 inches long and weighed only 11.0 ounces.
One of the five 15-year fish was also from Webb Lake, and weighe
only 7.1 ounces. The remaining four 15-year fish were from Andrd.
scoggin Lake, Great Pond, and Pushaw Pond. Fish from 12 to /s,
years old were taken from many lakes, and fish at least 10 yea}sfbse

were found in practically all of those lakes from which rela be
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large collections of perch were obtained. The inference from these
figures on age distribution is that, of those perch which reach a length
of at least 6 inches, a considerable per cent live to be at least 8 to 10
‘years old, after which the rate of mortality increases greatly. The
above figures on number of perch in the III-class to V-class descrve
further comment. As already mentioned, the almost complete ab-
sence of I1I-fish was obviously due to failure of the net to cateh these
small fish. Therce is evidence that the low numbers of IV- and V-fish,
as compared to VI-fish, were also due to failure of the nets to cateh
representative samples of these age groups. As will be discussed
later, in many lakes the perch werc growing so slowly that few indi-
viduals reached a length of 6 inches before they were 4 to 6 years old,
and presumably the selecting gill net caught only the largest indi-
viduals, and relatively small numbers of fish, of these younger age
groups.

Rate of growth. The rate of growth of the White Perch in the
present group of lakes and ponds may be summarized from the data
given in Table XIV. The numbers of fish, representing eertain age
groups and certain lakes, are obviously not adequate to show average
growth for these individual age groups and lakes. Iowever, among
those lakes from which from 25 to over 300 perch arc represented,
the trend in growth among consecutive age groups is sufficiently
orderly to indicate that the age groups were fairly well represented;
the same is truc for the number of fish in different age groups for all
lakes combined. The rate of growth of the perch in this group of
lakes as a whole may be represented by the unweighted averages of
average lengths and weights for those age groups represented from
the different lakes; these averages for body length in inches and
welght in ounces, for the age groups as given in Table XIV, arc as
follows:

Age
group: III 1V V. VI VII VIIT IX X XI XII XIII XIV XV XVI XVII

Body
length,

inches: 5.7 3.5 6.5 6.7 7.1 7.6 80 83 87 9.5 9.8 10.0 9.8 9.6 10.0
Weight,

ounces: 3.0 2.4 4.3 4.7 6.0 7.3 7.6 85 9.6 12.9 13.8 13.6 14,5 11.0 14.6

These average lengths and weights arce indicated as an age-length
curve by the heavy line in Figure 5 and an age-weight curve by the
heavy line in Figure 6. These average lengths and weights should be
interpreted with the knowledge of the failure of the net to cateh the
smaller fish. The age-length curves for the individual lakes (Figure 5),
and the age-weight curves for some individual lakes (Iigure 6), re-
flect the fact that the nets caught only the larger individuals of the
younger age groups, especially from those lakes where the fish were
growing more slowly; for some of these growth curves do not tend to
swing sharply upward until the 6th, 7th, or even older age groups
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are reached. The above average length and weight for ITI-fish are,
presumably, much too large; and the figures for IV-fish to VI-fish
are, to a decreasing degree, also somewhat too high. Judging from
seale diameters (not measured), the true average lengths of I1I-, 1V-,
and V-fish from these lakes as a whole might be set at approximately
4, 5, and 6 inches, and their weights adjusted accordingly. A fairly
accurate picture of average growth.is presumably indicated by the
above figures starting with the VI-fish. The average growth of the
White Perch in these lakes is obviously very slow, as compared to
the growth of such fresh-water game fishes in Maine as the bass,
pickerel, trout, and salmon (judging from rather limited studies of
these other species in Maine). It requires more than three years for
the White. Perch to reach the legal limit of 6 inches, and such small
fish arc still of little interest ov are little prized by fishermen; the
more desirable size of 10 inches (total length) or 14 pound requires
about 10 years of growth; and the especially prized fish of over a
pound in weight, in most lakes, take from 12 to 15 years to reach this
size. It should be nofed, among the preceding figures on average
erowth, that length and weight inercased steadily up to an age of
about 13 to 14 years, after which the trend was erratic, and some of
the older fish were not so large as some of the younger ones. The
explanation may be seen in Figures 5 and 6, namely, that in thgse
lakes in general where the fish grew more rapidly, they did not live
to so great an age as they did in lakes where they grew more slowly.
In other words, White Perch live longer in waters where they grow
more slowly —— a phenomenon which has been recognized to apply to
many species of fishes.  This tendeney for a greater age in those
lakes where growth was slower may be affirmed by a numerical com-
parison: Of the 29 lakes from which at least 10 perch were obtained,
the average growth of the White Perch from 17 lakes was below the
average, as compared to all pereh, while the growth of perch from 12
lakes was above the average (sce page 151); the average age of the
1,323 perch representing 15 age groups from those lakes where growth
was slow was 7.6 years, while the average age of the 469 perch repre-
senting 12 age groups from those lakes where growth was more 1‘apld
was 6.9 years (selectivity of the gill net might account for part of
this difference, but not for all of it — see page 123).

The variation, between the different lakes, in average lengths of
fish of given ages may be scen in Table XTV and Figure 5; in this
figure the individual lakes arc not identified. This degree of varla-
tion in rate of growth may be expressed quantitatively, i.e., by the
difference between the average growth of fish in any one lake and
the average growth of fish in the lakes as a whole. Numerical values,
representing this variation in growth, have been calculated for those
lakes represented by at least ten fish. These values, which might be
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TABLE XIV. Average lengths and weight, and range in lengths and weight,

of different age groups of 1,827 White Perch (Morone americana) from

43 lakes and ponds

Age in Number Body Total ‘Weight
Lake, and date growing of length length in
of colleetion seasons* fish in inches in inches ounces
Sabattus Pond, P.389 VI 6 5.2 6.4 1.8
June 19 to 20, 1940 (4.9-5.8) (5.8-7.0) (1.5-2.5)
VI 17 5.4 6.5 1.8
(5.0-5.9) (6.1-7.0) (1.4-2.3)
VIII 23 5.3 6.4 1.7
(5.1-6.3) (6. 0-7.6) (1. 5-2.8)
IX 8 5.6 6.7 2.0
(5.1-6. 1) (6.1-7.3) (1.6-2. 5)
X 4 5. 6.7 2.0
(5.1-6.1) (6.1-7.4) (1. 5-2.6)
XI 2 7.3 8.8 4.8
6.7-7.9) (8. 1-0.5) (3.1-6.5)
XIXIL 1 8.0 9.9 7.4
Taylor Pond, P.392 v 2 5.9 7.2 2.7
Aug. 13 to 14, 1940 (5.9-5.9) (7.1-7.3) (2.6-2.9)
VIII 1 6.5 8.0 4.0
IX 1 7.5 9.1 5.3
Tripp Pond, P.408 VII 3 5.4 6.7 2.1
Aug. 9 to 10, 1940 ' (5.2-5.6) (6. 4-6. 9) (1.9-2.4)
VIII 5 5.6 7.0 2.4
(5.5-5.9) (6.9-7.2) (2.3-2.5)
X 1 7.0 8.3 4.3
X1 2 7.2 8.7 5.0
(6.9-7.5) (8.5-9.0) (4.8-5.3)
XII 1 7.8 9.5 5.7
X1V 1 9.1 10.8 8.9
Pennesseewassee Lake, P.416 IX 2 7.6 9. 2 5.6
July 16 to 17, 1940 (7.6-7.6) 9. 1-9.2) (5.5-5.7)
Auburn Lake, P.428 v 3 5.4 6.4 1.6
June 27 to 29, 1940 (5.3-5.5) (6. 3-6. 5) (1.5-1.7)
VI 3 5.4 6.5 1.7
(5.2-5.6) (6. 4-6.7) (1.7-1.8)
VIL 6 5.6 6.8 1.
(5.4-6.3) (6.5-7.5) (1.7-2.1)
VIII 1 5.4 6.7 1.7
IX 1 7.1 8.5 3.8

*Ages include the calendar year in which the fish were collected for all except the fish in the Feb-

ruary 3, 1940 catch from Great Pond of the Belgrades and the fish from Graham Lake.
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TABLE XIV. Age and growth of White Perch — Continued
Age in Number Body Total ‘Weight
Lake, and date orowing of length length in
of collection seasons® fish in inches in inches ounces
Androscoggin Lake, P.464 VII 6 5.5 6.7 2.1
June 25 to 26, 1940 (5.2-5.8) (6.2-6.9) (1. 6-2. 4)
VIIX 8 5.7 6.9 2.5
(5.0-6.2) (5.9-7.4) (2.0-3.1)
IX 4 6.1 7.4 3.4
(5.4-7.2) (6.7-8.7) (2.2-5.7)
X b5 6.5 7.8 3.8
(5.6-7.6) (6.7-9.1) (2.4-5.9)
X1 4 6.5 7.9 4.0
(5.2-7.7) (6.5-9.3) (1.8-6.2)
XI1I 2 7.9 9.6 6.6
(7.8-8.0; (9.3-9.8) (5.5-7.7)
X1v 1 9.9 11.7 13.3
Xv 1 10.4 12. 4 15.3
Pocasset Take, P.466 v 15 5.3 6.7 1.9
Aug. 2 to 3, 1940 (5.1-5.5) (6.3~7.0) (1.6-2.3)
v 11 5.4 6.9 2.0
(5.1-5.9) (6.6-7.2) (1.7-2.2)
VI 25 5.9 7.4 .5
(5.4-6.5) (6.7-8.0) (1.9-3.3)
VII 4 6.1 7.7 3.0
(5.7-6.9) (7.2-8.6) 2. 3-4. 5)
VIII 5 7.6 9.4 5.7
(6.9-8.7) (8.6-10. 6) (4.3-8.6)
IX 5 8.1 10.0 7.2
(7.7-9.1) (9.5-11.2) | (5.8-10.5)
X 6 8.9 11.1 10. &
(7.7-10.2) (9.6-12.8) (6.6-15.9)
X1 4 9.6 11.9 12.3
(8.5-10.4) | (10.6-12.9) | (8.5-15.3)
XI1 2 9.6 11.7 11.5
(8.7-10.4) | (10.6-12.8) | (8.7~14.4)
Lovejoy Pond, P.470 Iv 7 5.6 5. 7 2.0
Aug. 5 to 6, 1940 (5.2-6.0) (6.2-7.1) (1.7-2.7)
v 5 5:9 7.1 2.3
(5.4-6.3) (6.6-7.5) (1.8-2.8)
X 1 10.4 12.3 13.9
XI 1 10.8 12.9 16. 5
XI1 1 10.3 12.3 12.7
Echo Lake, P.472 v 1 5.4 .7 1.9
July 19 to 20, 1940 i
v 1 6.5 .1 3.8
VI 1 7.5 .2 6.1
VIII 1 8.7 10.6 9.3
IX 12 8.4 10.3 8.1
(8.0-8.9) (9.6-11.0) (7.0-9.7)
X 2 8.9 10.9 9.2
(8.7-9.2) | (10.7-11.1) | (8.8-9.6)
N XI 1 10.0 12.5 15.4
XIII 1 10.9 13.5 18.6
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TABLE XIV. Age and growth of White Perch — Continued TABLE XIV. Age and growth of White Perch — Continued

Age in Number Body Total Weight - " - .
Lake, and date growing of length length in Lake, and date g/r\(‘f“" i]rll‘;; Nuz}b(,r l?r?;lt‘l)) l(ll?;?}ll W‘i’;;‘%ht
. o - % N PR TN P o ake, b ate ring ]
of eollection Seasons fish in inches in inches ounces of collection sensons™ fish in inches in inches ounces
Webb Lake, P.503 v 65 e > - r . X . 5
4 Jochnewagan Pond, P.672 VI 3 V.6 9.3 5.8
Sept. 9 to 11, 1940 R ) June 18 1o 19, 1940 7.67.7) | 9.1°9.4) | (5.6-6.0
v 12 vii 3 8.0 9.6 6.2
. (7.9-8.1) | (9.6-9.8) (5.9-6.3)
i o5 [N SIS i o
- VI 3 7.8 9.5 6.2
, N B b 7.7-8.0) | (0.370.6) | (5.7-6.5)
9 IX 19 9.7
) (9. 2-10. 4)
20 e ’ . o B
0 et . X 24 7.4 9.8
. _8.86.5 (7.8-8.6) .3-10. 4)
IX 19 X1 39 8.1
(7.8-8.7)
X s XII 8 8.2
(8.0-8.3)
r o B X1 3 8.2 N
1 10.0 7.1 o (8. 1-8.3)
I 9.6 1.9 1.0 X ! 8.7 0. ] v
- o Wilkon Pond, P.673 v 2 3 6.7 1.¢
. . | ! LA LSS S DU o July 30 to Aug. 1, 1940 (5.25.4) (6.6-6.8) (1.9-2. 0)
South Pond, P.522 I | 71 8.7 5.9 T ' - o . x " o
Sept. 4 to 5,1840 o o R (3.16.6) | ©.48.1) | (1.7-3.8)
g P P.659 / 3.5 5 9. : . e b o
iﬁ;fafgﬂx;ﬁg?gb4ob) ST I I S TS Vi 10 6.7 8. 1 3.9
- XI 1 9.1 1O 10. 1 (5.3-8.3) (6. 6:-9. 8) (1. 8-6.7)
Sand Pond, P.660 Covm |1 ] e e | e VIl 2 7.9 9. 6 6.1
A?xng. 15 to 16, 1940 : ! B IO f E— e e (7.3-8.1) (8. 0-10. 2) (4.9-7.1)
O € [ —— - S S v -
- X L I N R o8 IX 3 8.5 9.9
Cobbosseccontee Lake, P.668 v 9 5.1 6.3 (7.9-8.7) (9. 3-1(L 5) b
ot e s DRI P S
Aug. 7 to 10, 1940 665 S 3 8.7 10.5
P . (8050 1) | (9.8-10.9)
CdE ", : o R
SN DR N ol RO o X1 1 8.5 10.0
Vi 7 5.8 6.9 - : : - - . SR
P s Maranacook Lake, P.676 171 { 50 6.1 1.6
el 65260 | 6T Aug. 1 to -, 1940 . ; : e
vII 2 6.7 8.2 Iy 17 g
(6.7-6.7) (8. 2-8.3) o _
VIO | R v 5
X " Vi 19
N s VII 10 8.0 9.8 7.5
(7.6-8.7) | 9.4-10.6) | (6.1-10.1)
Annabessacook Lake. D671 Ty B vin 7 B et
Aﬁgésﬁu)??fn4on(( ' A ! . n _ (7.7-8.4) | (9.5-10.4)
Vi 13 X 17 8 3 10. 1 8.4
- ] . (7.98.7) 4 (9.6-10:6)-} (7.0-10.0)
VIT 12 2.6 gy B P , T
E ¢ ¢ 9.5 11.5 12.6
o . 1.7-3.5 (11.212.4) | (10.9-14.8)
VIII 3 4.1 XL T L7 138
. ) (2.5-6.4) (10.8°12.2) | (13.0-15.7)  +
X 61 12.0 13.3
X e 8.4 - Torsey Pond, P.678 VIIL 11,0 15,0
XI 1 6.3 July 30 to 31, 1940
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TABLE XIV. Age and growth of White Perch — Continued

. Age in Number Body Total Wei
"Lake, and date growing of length leng?h ei;ight
of collection seasons* fish in inches in inches ounces
Snow Pond, P.698 v 1 5.3 6.5 1.6
June 27 to July 3, 1940
VI 6 5.2 6.3 1.7
(4.9-5.3) (6. 1-6. 5) (1.6-2.3)
vII 29 5.3 65 | 2.0
(4.7-8.5) (5.7-10.0) (1. 3-9. 6)
VIIL 14 5.6 6.8 - ‘é.-‘;_—m_
(4.9-6.1) (6.1-7. 5) (1.6-3. 0)
IX 15 5.8 70 | 25
(4.9-7.6) (6. 1-9. 3)
' X 4 6.4 7.6
(5.8-7.0) 7.0-7.9)
XI 2 7.4 9.3
(7.2-7.7) 9.2-9.3)
XII 9 8.3 10.1
(7.8-9. 1) (9.5-11.0)
XIII 3 8.5 10.4
(7.7-9.3) (9.3-11.3)
Tong Pond of Belgrades VIII 3 | 86 | 104 | o
(South Part), P.712 8.5-8.7) | (10.0-10.6) | (9.9°9.¢
June 26 to 27, 1040 G087 | 1007100 ] ©.279.9
X 6 9.1 10. 9 11.3
(8.5-9.8) (9. 8-11.4) (8.7-13.3)
X 9 9.5 11.6 12.8 )
(9.3-9.9) (11.2-12.8) | (11. 3-14.9)
X1 4 9.1 11.1 1().”;‘“ ‘
(8.3-10.0) | (10.0-12.0) | (8.0-12.9)
XIII 2 9.6 .8 | 1sz
(9.1-10.2) | (11.2-12.4) | (10.9-15.4)
: X1v 1 10. 8 17.1
Long(ﬁon& OI§ Be)lgi;z(;es v 4 5.3 ) 1.8
(North Part), P.713 5.1-5. 5
June 21 to 25, 1940 e G159 Ly
‘ VI 2 6.6 7.9 3.7
(5.6-7.6) (6.6-9. 2) (2.3-5. 1)
VIII 3 7.1 85 | 49
(6.3-7.6) (7.7-9.0) (3.3-6. 1)
X 4 8.0 9.7 6.7
(7.4-8.3) 9.1-9.9) (5.5-7.7)
X 10 8.1 9.8 | 6.7
(7.7-8.9) (9. 5~10. 6) (5.8-8.8)
XK 5 8.5 10. 4 8.4
(7.7-10.0) (9. 3-12.0) (5.8-12.8)
XI1I 1 8.7 10. 6 8.0
X1v 1 10.6 13.3 15. 4—.
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TABLE XIV. Age and growth of White Perch -~— Continued

Age in Number Body Total Weight
Lake, and date growing of length . angth in
of collection seasons® fish in inches in inches ounces
CGireat Pond of Belgrades, P.719 TII* 1 4.4 5.5 1.2
Feb. 3, 1940 I — —
Vi 15 . 7.1 2.6
(4.7-6.4) | (5.6-7.8) | (1.4-3.4)
VIi* 86 6.3 7.5 3.1
(4.9-7.0) (6.1-8.4) (1.4-4.0)
VII* 37 6.3 7.8 3.5
(5.9-6.9) (7.0-8.5) (2.7-4.8)
VIIT* 38 6.5 8.0 3.7
(6.1-7.2) (7.4-8.7) (3.0-4.9)
IX* 5 7.0 8.6 4.8
(6.4-7.8) (7.9-9.6) (3. 5-6. 5)
X 1 7.1 8.8 50
(6.5-7.7) (8.1-9.6) (3.8-7.0)
Great Pond of Belgrades, .719 v B 5.0 6.0 .6
June 17 to July 12, 1940 (4. 9-5.1) (5.9-6.1) (1.4-1.7)
VI 17 5.7 7.0 2.4
(5. 1-6.5) (6.3-7.9) (1.7-3.6)
vII 24 6.1 7.4 3.0
(4.7-7.1) 6.1-8.7) (1.6-4.5)
VI 19 6.7 8.1 o1
(5. 8~7.6) (6. 9-9. 3) (2.2-6.2)
x| 1 7.4 8.8 5. 4
(6.5-7.9) (7.9-9.5) (3. 4-6. 5)
X 11 7.9 9.6 6.9
(7.2-8.5) (8.7-10.4) (5.5-9.2)
X1 14 8.8 10.6 9.3
(7.9~10.0) (9.5~12.0) (6. 3-16.0)
XIT 5 .9 10.7 9.3
(7.7-9.7) (9.3-11.6) (5.8-11.8)
XIIL 3 10. 2 12.2 14. 4
(9.6-10.7) | (11.4-12.8) | (12.7-16. 1)
X1y 4 10. 2 12.2 15.6
(10. 0-10.6) | (12.0-12.6) | (12.5-17.5)
Xv 1 10. 3 12.8 15.8
E}reat Pond of Belgrades, P.719 Iv 45 5.3 6.7 2.0
Sept. 6 to 8, 1940 (4. 9-6.2) 6.1-7.7) (1.5-3.3)
A\ 1 5.9 7.3 2.7
V1 2 6.2 7.7 3.5
(6. 1-6. 3) (7.6-7.8) (3.5~3.6)
VII 13 6.3 7.8 3.6
(5.7-7.0) (7.0-8.6) (2.4-5.1)
VIII 12 6.9 8.6 4.9
(6.3-7.6) (7.8-9.4) (3.5-6.3)
IX 8 7.2 8.8 5.6
(6. 4~7.9) (8.0-9.7) (3.7-7.4)
X 10 7.4 9.1 6.0
(6. 1-8.3) (7.6-10.2) (3.2-8.0)
XI 6 7.7 9.5 6.9
(6.9-8.2) (8.6-10.1) (5.1-8.7)
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TABLE XIV. Age and growth of White Perch — Continued

Weight
in
ounces

North Pond of Belarades, P.720
640

July 9 to 11,

Age in Number Body Total
Take, and date erowing of . Ie_ngth . lc'ngth
of collection seasons™® fish in inches in inches
v 2 5.1
(+. 9-5. 2)
v 5.0
RY BT 6.5
(6.1-6.7)
v | e 6.6
Ty | e 7.1
' (6. 3-8.9) .
x| o

1.8
(1.7-1.9)

(6. 1-7. 0 7

7.5 3. ()
.38 | (.1 10.2) | @580
Ty T ss 0.8 9.6
@591 | 0.6711.0) | 877112
xa | 1 | 1 7 13,2 |<, 9
XIr | 2 10,2 12.1
(10.0-10.3) | 2.2 12.6)
x1v | 1 10.2 12,6
THast Pond of Belurades, P.724 v 43 R 6
rllutlsyt ll()?((> ;3, 1940 (5. 0-5. 8)‘7‘ (6. 17, J
v 2 6.3 7.6
6.26.3) | @.57.6)
v s " 6.5 7.9
(6.356.9) | (7.68.5
vit | e 6.8 8.2
6.3-7.8) | (7.69.5)
v e 7.7 9.3 5.8
! ’ @270 | @990 | 646
IS 3 8.1
tx . CE (61710, 1)
X 3 111 9.6
(1L.0°10.2) | @.570.9)
Txt |70 T 1000 12.3 4.8
XII o 0.8 6.8
(10,7510, 8 o 417, 2)
Sandy Pond, P.883 VI 6 8.3 10,0
?lﬁ‘wd‘z’ﬂlr(ﬁ“zia 1940 (8.2:8.6) | (9.8-10.3)
X 3 9.5 11.3
(8.5-10.5) | (10. 1-12.4)
x| 3 9.6 11.0 11.9
(9.2-10.2) | (10.8°12. 1) | (10.3°14.3)
X1 T 9.0 10.8 10.0
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Moose Pond, P.182
Bridgton Twp.
July 17 to 18, 1038

Beaver Pond, 17,183
Bridgton T'wy.
July 21 to 22,

Kezar Lake, P.238
Lovell Twp.
July 20 to 21,

Sebago Lake, 1',291
meund Twp.
Aug. 4 to 5, 1038

Adams Pond, 1’ 3
Bridgton Twp.
July 1 to 2, 1938

Long Lake, P 30" -

Harrison Twp,
July 7 to 8, 1938

TABLE XIV. Age and growth of White Perch — Continued
Age in Number Body Total Weight
Lake, and date growing of length length in
of collection seasons* fish in inches in inches ounces
v 1
v 7
VI 6
vIL 7
B —\ﬁl_ﬁﬁ o <2 ) 9.8 6.
(9. 6-10.0) ((l 2~ () 8)
X 2 10.2 [
(10.2-10.3) | (6. 4 7 )
X 2 114 0.1
(11‘()'——11‘7) (8.6-11 "))
v 2 1 8.7
. 8 l() l) (8 d ‘) l))
1038 .
2 3 11.
(]I .3) (IL() ll.!))
VI 2 6
Tvar s
-
1038 v 1 9.4
] \-’II 27 ——v(; 9 )
(9. ‘) ). 0)
vl I Y
VIII 5 9.2 1
(8. 6-10. 0) (l() l 1’ O)
IX 2 9.7 14.5
©.59.9)
XIIT 3 11 34 21. .
(l() 6-11.9) | (12.8-14.4) (18 9-25. 8)
XIv 1 1.7 14.4 24.5
o7 Vil | 8.2 10,0 81
(8.1-8.3) (9.8-10. 1) (7.7-8.5)
VIII s | 58 7.8 e
(5.2-6. 3) (6.4-7.8) (1.7-2.9)
3 5.9 7.3 2.F
(5.6-6.4) (6.9-7.8) (2.0-3.1)
VIII 2

\Vood Pond P 51&
Bridgton Tw
June 22 to 24, 1938

9.3
(8.6-9.9)

11.2
(10.6~11. 8)
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TABLE XIV. Age and growth of White Perch — Continued TABLE XIV. Age and growth of White Perch — Concluded

Age in Number Body Total Woeight . :
Lake, and date growing of length . length in TLake, and date ;zeg\?vilr?g Nu:)l}ber IBOdy Total Weight |
of collection seasons* fish in inches in inches ounces of collection seasons™* fish ineirlllgétlkgs i le.“gtlil i !
i in inches ounces
Highland Lake, P.314 VI 1 8.3 10.0 8.1 South Branch Lak
Bridgton Twp | e e | e | e T —— Sebocis Twp. € v 1 8.7 10.6 8.5
June 29 to 30 1938 IX 1 9.7 11.7 9.1 June 2, 1938 |
X 2 5 2 Graham Lake T - -
9.0-9.9) | (10 7—11 9) | (9.4-10.9) Waltham vap. v 8 8.3 10. 2 8.5 .
e | — | | T Jan. 29 and Feb. 12, 1939 o | (7.8-8.8) | (9.5-10.8) | (5.3-10.0)
I I I [TTR T R BT -
XII 2 9.7 .8 13.9 o (8.5-9.7) | (10.4-12.0) | (8. oaig, 8)
9.7-9.7) | (1L 8 11. 8) | as. 7—14 0 prn P - — )
— i o T | e I 9. ¢ - Y
XIII 2 0.0 3 o (9.4-10.6) | (11.6-13.1) | (14.4-20. 3)
9.9-10.1) | (11. 8 1z 0) | a3 7 15. 0 vins | T s =
| e e e - 3.1 23,
XIV 1 10.7 12.7 16.5 P — - 4
U R—— [ U MU e . B 3.0 21.1
Stearns Pond P.315 X11I 1 10.3 12.7 17.9 o (10.1-11.4) | (12.3-13.8) | (17.8-24.4)
Sweden Twp, = =
Faly 25 to 26, 1938 e Xx 1 10.7 13.1 218
e Graham Lake VI* " o
Bear Pond, P.321 Waltham Twp. 8.7 . 10.1 9.1 ¢
Waterford Twp. Jan. 30, 1941 _ (7.8-9.5) | (9.3-11.5) | (6.8-12.8)
July 28 to 29, 1938 VIL = NI R - |
- - .8 ;
. (8.6-9.8) | (10.5-11.6) | (10.5-14.0) l
e VIIT* 4 10.7 13.1 19.3 |
Crystal Lake vaze  |Tva |1 | rs | ez | 6 S Sanawbend . H.9-11.4) | (12.1-13.9) | (15.7-23.5)
Harrison Tw] Pushaw Pond v 17 M S
July 27 to zs 1938 Hudson Twp. L et 8.7 2.0
Oct. 14 to 16, 1940 . (5.0-6.3) (6.1-7.7) (1.5-3. 1) |
Ploasant Lake, P.327 v o 6.4 8.0 3.3 . !
gizcolf?O 12, 1938 VI 25 8.7 8.4 4.3
— | 6880 | 1.40.9) | (2.57.8
T T hase Vil 2 7.8 9.6 P
Thomas Pond, P.356 e (7.5-8.2) | (9.3-9.9) | (5.8-7.5)
ﬁﬁgmf?‘?ﬁg‘ 1938 - VI 18 7.4 9.3 5.7
v 32 e 7 . o (6.8-8.2) | (8.5-10.1) | (4.6-7.1)
S I S X 36 7.5 | 9.3 61
VI 35 12.4 N (7.0-8.7) | (8.6-10.6) [ (4. 8-10.0)
(t) 2-16. ()) X 29‘* ; 5—— o
e e o ¢ . ) 2
VII 21 10.0 : 5. & . (7.1-9.8) } (9.0-12.1) | (5. 1212.4)
(9.5-10.5) | (11.5-12.9) | (12 b—17 2 X1 pye o
e | e e L . 9.7 6.
VIIL 1 9.8 11.8 L (7.2-8.6) | (9.1-10.7) | (5.6~ 98 2)
Rattlesnake Pond, P. 359 v 6 5.7 7.0 XIL 4 10.5 9.6
Casco Tw] (5.3-6.3) | (6.6-7.6) (9.6-11.5) | (7.1-12.1)
Aug. 22 to 23, 1038 —_—— e — X1
v 20 6.1 7.5 1 12.1 12.7
(5.5-6.6) (6.7-8.1) XV 2 10.4 13
~~~~~ R ——— - < - 3.0 19.9
VI 3 6.3 7.7 (9.5-11.4) | (11.7-14.2) | (13.7-
6.2-6.3) | (7.6-7.8) ) | (13.7-26. ?>
VII 1 6.3 7.8
VIII 4 9.:
_9.0-9.8) (10.8-12.0)
X 9 9.9 12. 14.2
(9.4-10.5) | (11.4-12.6) | (10.4-18.3)
X 2 10.2 12.2 14.5
(10.0-10.3) | (12.2-12.3) | (14.2-14.9)
X1 3 10.3 12.7 15.0 )
(10.2-10.6) | (12.5-13.0) | (13.6-16. 1)
XII 1 11.1 13.6 21.5
XIIL 1 11.1 13.5 . 20.0 147
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TABLE XV. The rate of growth of White Perch from 20 lakes, as compared to foo]
and feeding habits, density of fish populations, and type of lalge 1

1}1/(:}1 ;!.ngf Percentage Percentage Nurr‘r)lgrc r2‘i) fh'f(iﬂ:-sc}%;ght
G_.rowth bottc)fn by volume | Percentage | by Y’?rllﬁg:; 375-foot gill net¥kkk
Nag!l‘ep(())fnhake mf(d)ix f%‘gd Offo]_:())c(,itti(l)lm bgf Ti{"l?zlhmi?le szrr:l;'tacea i White Perch

White square diet of diet of in diet of White plus other

Perch* foot¥* perch#¥s perch¥¥* perch*¥* _?ESE}:_
Sandy +1.0 0.14 74 24 2 16 16
Lovejoy +0.9 0. 27 9 83 1 18 41
Echo +0.7 0.21 32 56 4 21 ._,ﬁ,,_,_zﬁl__.._
T orades (Soutty| +0.7 | 0.25 89 8 4 13 6
Maranacook +0.6 0.41 60 36 3 37 50 -
East of Belgrades ~+0.4 0.55 45 51 3 80 117
Lolgglglf'ades (North)| —0.2 0.23 89 9 2 ~ 12
Pocasset —0.2 | 0.30 | 55 “ 0 63
Cochnewagan —0.3 0.66 T 94 0 “’5 109 K
Wilson (P.673) —0.3 0.30 97 2 0.1 1§ ~ 25
Cobbosseecontee —0.5 0.27 91 8 0 13 - -i/}" -
Great of Belgrades | —0.6 0.30 66 30 27 } 31
North of Belgrades | —0.7 0. 52 98 2 62 76 N
Webb —0.8 0.39 16 7 66 46 ] 65
Annabessacook —0.9 0.62 40 53 6 1’1_7 2
Androscoggin —1.3 0.23 T 95 5 0.2 16 om
Auburn —1.4 0.14 2 0 98 Z, | 23 B
Tripp —L5 | 0.07 | 100 0 0 o | T
Snow —1.6 | o1 100 0 0.3 8 |
Sabattus —2.0 | 0.87 a6 0 0 128 139

* Based on 1,379 perch from these 20 lakes as compared to the average growth of 1,827 perch from j
see Table XIV). . o
43 I&kes**gqf)eat'zlzdoncbottox)n fauna in these 20 lakes based on 428 bottom samples. (Ifrom Table VIII).

AR e Nk B s 5t AP <

** Based on 1,242 perch stormachs which contained 644.148 c.c. of food of which 431.948 c.c. or 67% J

was from the bottom fauna, 166.645 c.c. or 26% was fish, and 37.136 c.c. or 6% was plankton crustacea, Data §

T Table XI. . . ;

COnde’Ikli(;(i Iilt‘z)[;?eﬂeflts a total of 54 individual over-night gill net sets, for a topul of 1,226 ‘hours of f‘l;‘s_}xlng. or §

an average of 2214 hours per set. The fish included are 1,610 White Perch, 283 Common Suckers, 1().}) Yellow

Perch, 76 Horned Pout, and 76 Sunfish: a total of 2,210 fish. 'The;xe were the most abundant species §

encountered in the net collections and known or believed to be primarily bottom feeders. R d"
**¥E¥ “Trout or salmon zone’’ refers to a stratum of deep water of a temperature of less than 70° F, an

a dissolved oxygen content of more than 5 p.p.m. as maintained during late summer. Data are from Table IIL §
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termed growth indices, were obtained by comparing average body
lengths for individual age groups from each lake with the average
lengths (given in the preceding paragraph) for corresponding age
groups for all lakes combined; the sum of length differences by which
growth was above the average, minus the sum of length differences
by which growth was below the average, was divided by the number
of age groups involved; and the resultant figure, or growth index, for
cach lake was thus the average amount by which the average lengths
for individual age groups varied above or below the average lengths
for the different age groups for all lakes combined. These average
deviations of body length in inches, and the number of age groups
mvolved, for White Perch for the lakes as given in Table X1V, were
as follows:

Deviation Deviation
in length  Number in length  Number
from age from age
Lake average  groups Lake average  groups
Sabattus. ... ... —2.0 7 Great: Teb.3.. —0.9 7
Tripp ......... —1.5 6 Great: June to
Aubum..... ... —1.4 5 July......... —0.3 11
Androscoggin. .. —1.3 8 Great: Sept.... —0.7 8
Pocasset. ... ... -—().2 9 North of
Lovejoy ....... +0.9 5 Belgrades. . .. —0.7 11
Kcho. ... ...... +0.7 8 East of
Webb ......... —0.8 11 Belgrades. ... 4+0.4 9
Cobbosseecontee —0.5 7 Sandy . . ....... +1.0 4
Annabessacook (.9 7 Moose......... —0.03 7
Cochnewagan .. —0.3 9 Beaver ........ +2.4 5
Wilson (P.673) . —0.3 7 Sebago ........ 41.6 5
Maranacook.... 40.6 10 Long Lake
Snow.......... —1.6 9 P309)...... —1.9 2
Long of Highland ... ... +0.9 7
Belgrades (8). +0.7 6 Thomas ....... +1.8 5
Long of Rattlesnake. ... 4-0.9 10
Belgrades (N) 0.2 8 Graham: 1939 . +2.6 6
Graham: 1941 . 4-2.4 3
Pushaw.... .. .. —0.2 11

The most-rapidly growing fish were those in the 1939 collections
from Graham Lake, with an average length, by age groups, of 2.6
inches above the average for all fish. The 1941-fish from Graham
Lake and the fish from Beaver Pond also had made very rapid growth
— 2.4 inches above the average. Growth of perch from Moose Pond
was about the same as the average for fish from all localities. The
perch from Sabattus Pond represented the extreme in dwarfing, being
2.0 inches below the average. Other lakes notable for very slow
growth of the White Perch were Long Lake (P.309), Snow Pond,
Tripp Pond, Auburn Lake, and Androscoggin Lake. In most lakes

of the 1940 survey, perch were of much slower growth than in lakes
of the 1938 survey. '
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Growth as related to other factors. Among the factors which
might be expected to influence the rate of growth of the White Perch
in lakes are: the extent to which the fish feed on different types of

food, the abundance and availability of food, the population density

of the White Perch itself and of other species which might compete
with it for food, and the conditions of temperature and dissolved
oxygen in the water. Some data were available for a comparison of
rate of growth with these environmental factors in 20 of the lakes of
the 1940 survey. These available data for individual lakes included:
the preceding numerical values representing average growth of White
Perch; average volumes of all bottom organisms per square foot of
lake bottom; the percentages by volume of bottom organisms, fish,
and plankton crustaccans in the diet of the White Pereh; the density
of the White Pereh population, and of the total population of fishes
(including the sucker, Yellow Pereh, Ilorned Pout, and sunfish)
which are primarily bottom feeders, expressed as the number of fish
caught per 24 hours by the 375-foot gill net; and the type of lake or
pond with respect to depth, temperature, and dissolved oxygen con-
tent of the water, as expressed by the percentage of water volume in
the trout or salmon zone of each lake. These data, given in Table
XV, do not reveal the degree of correspondence, between rapid growth
of the White Perch and abundance of bottom food, which might be
expected from the fact that 67 per cent of the volume of food con-
tained by these fish was from the bottom fauna: the four lakes which
provided the most-rapidly growing perch were among the poorest in
bottom fauna, and the two lakes richest in bottom fauna provided
the most-slowly growing perch — between these cxtremes in the
data there appeared to be no significant relationship between growth
and abundance of bottom food. No consistent relationship is indi-
cated between growth and amount of plankton crustaccans in the
dict; or between growth of the White Perch and the density of this
and other speeies of bottom-feeding fishes, with the possible exeep-
tion of Sabattus Pond. The best correlation apparently existed
between growth of perch and the amount of fish in their dict, and
between growth and the type of lake with respect to depth, tempera-
ture, and dissolved oxygen content of the water. The White Perch
which contained the most fish in their diet were mostly those which
had made the fastest growth; and the rapidly growing fish were
mostly from deep lakes with a high oxygen content in the decp water
(lakes which are classed as good trout or salmon lakes; see page 66).
The tendency toward a faster rate of growth of perch in lakes where
they had fed more on fish was also indicated by a comparison of
perch from the lakes of the 1940 survey with perch from lakes sur-
veyed in 1938: the perch from Beaver, Thomas, Sebago, Rattle-
snake, Highland, Moose, Long, etc., (see Table XII) mostly had
made a more-rapid growth and also contained more fish in their diet
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(compare Tables XII and XI) than fish from lakes of the 1940 sur-
vey. However, a tendency toward more-rapid growth in deep lakes
with a high content of dissolved oxygen in the deep water (i.e., good
trout or salmon lakes) was not indicated by the data for the lakes of
the 1938 survey, for most of these lakes in which the perch were grow-
ing rapidly (examples: Beaver, Thomas, Rattlesnake, and High-
land) were found to be poor trout and salmon lakes (Cooper, 1939b).

Age and growth by sexes. The present data indicate some facts
with respect to sex differences in age and growth. If those age groups
from individual lakes with at least five fish of cach sex are consid-
ered, the females execeded the males in average body length in 33
scparate groups; the males were longer In 8 groups; and the two
sexes were of the same length in 6 groups. The figures for individual
age groups, involving 1,101 fish from 15 lakes, were as follows:

Age group: v Vv VI VII VIII IX X XI Total
Males longer: . . 2 3 1 1 1 8
Females longer: 3 3 6 5 7 4 3 2 33
Same length: 2 1 1 . 1 1 6

This rather consistent greater length, and presumably faster growth,
of the females is not of very great econmomic importance, for the
greater average size of the females In these individual age groups
was mostly not over 0.5 inch and commonly as little as 0.2 inch. Of
the 1,827 White Perch uged for studies on age and growth, the sex of
1,819 was determined.  These included 856 males and 963 females,
or a sex ratio of 0.89 male to 1 female. Their distribution by age
class was:

Age

aroup: I v Voo vVD VIT VIID IX X XI XII XHIXIV XV XVI XVII
Number

males: 21056 66 143 134 135 109 68 60 26 501 1 0 1
Number

females: 8 129 80 182 141 119 108 91 54 16 17 13 4 1 0

Males per

female: 0.3 0.8 0.8 0.8 1.0 1.1 1.0 0.7 1.1 1.6 0.3 0.1 0.3 0
The above sex ratios arc somewhat too erratic to reveal any definite
trend in marked change of sex ratio with age, except for a rather defi-
nite preponderance of females over males above the XII-group. That
this trend in scx ratio is erratic, was due largely to the fact that unu-
sual numbers of fish of one sex and one age group were obtained from
some lakes. Ifor cxamples, the 14 fish from Auburn Lake were all
females; the 103 fish from Cochnewagan included 71 males and
30 females (sex of two not determined) of which 82 fish were of the
IX- to XI- groups; there were nine XIl-males but no XII-fe-
males from Snow Pond; therc were seven XII-males and only one
XII-female from Cochnewagan; while 11 of the 20 fish from Echo
Lake were IX-males. There was evidence that variations in average
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rate of growth had little or no effect on differences in age of the
two sexes, for the distribution of sexes by age group of 1,323 perch
from 17 lakes in which growth was slow was as follows: -

Age .
group: III IV V VI VII VIII IX X XI XII XIII XIV XV XVI XVII
Number

males: 0 74 26 102 101 109 79 58 53 23 3 1 1 0 1
Nunber

females: 1 8 39 135 105 95 79 69 45 10 10 9 4 1 0
Males per

female: 0 0.9 0.7 0.8 1.0 1.1 1.0 0.8 1.2 2.3 0.3 0.1 0.3 0

while the distribution of 469 perch from 12 lakes in which growth
was relatively fast was as follows:

Age group: III IV v Vi VII VIII IX X XI Xl XIII XIV

Number

males: 1 31 39 41 29 22 28 10 7 2 2 0
Number

females: 5 42 36 46 33 19 28 21 8 5 7 3
Males per

female: 0.2 0.7 1.1 0.9 0.9 1.2 1.0 0.5 0.9 0.4 0.3 0

The differences between the above sex ratios for corresponding age
groups are not regarded as of much significance. Instead of this
comparison revealing any marked variation of difference in -age of
the sexes according to rate of growth, it indicated a degree of uni-
formity in that both sexes reached a greater age in lakes where growth
was slow, and that females predominated in the older age groups
among both slowly growing and rapidly growing fish.

Growing season. The collecting of White Perch continually
throughout the summer, although at different times from the various
lakes, has afforded a basis for determining the time when the fish
commenced their scale growth, and thus, presumably, their body
growth. The date at which fish begin a season’s growth may be de-
termined from the status of annulus formation on scales among fish
collected on different dates. Observations on the scales indicated
that the growing season of the White Perch in lakes of the 1940 sur-
vey extended from about the first or second week in July through
August and possibly part of September. Typical scales, taken at
different dates and revealing this trend in growth during the season,
are reproduced on accompanying plates as follows: from Auburn
Lake on June 28 showing no growth as yet in 1940 (Plates XV and
XVI), from North and Fast ponds of the Belgrades on July 11 and
13 showing annuli just formed (Plates X and XI), from Maranacook
Lake on August 3 showing a partly or nearly completed average
summer’s growth (Plates V, VI, and VII), and from South Pond on
September 5 (Plate IV) and Webb Lake on September 10 (Plate
X1V) showing what appear to be completed average summer’s
growths.
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FOOD HABITS OF OTHER FISHES

Information on the food habits of 10 species, other than the White
Perch, was also obtained by stomach analyses. These additional
species were Small-mouthed Bass, Common Pickerel (Esox niger),
Yellow Perch, Pike Perch (Stizostedion vitreum), Brook Trout, Togue,
Land-locked Salmon, Chinook Salmon, Common Sucker, and Com-
mon Sunfish (L. gibbosus). All of the fish were collected by experi-
mental gill nets, and all except those from Pushaw Lake were col-
lected during the summer. The lakes are the same as given in Tables
XIT and XIV. Most of the fish were adults; and all, except some
sunfish, were over six inches long. The results, therefore, represent
summer food habits for the adults of these species. The results of
these food analyses are summarized in Tables X VI to XIX, and dis-
cussed for the individual species in the following:

Small-mouthed Black Bass. The data on food of the Small-
mouth are based on 66 fish of which 36 contained food in their stom-
achs. The total volume of this food (Table XVI) was 238.61 c.c.;
this volume included 80 per cent fish of which 61 per cent was White
Perch, and 14 per cent crayfish. All of the fish, so far as identified,
were spiny-rayed forms. The absence of smelts in the diet of these
bass is noteworthy, especially since smelts were known to be present
in many of the lakes.

Common Pickerel. The stomachs of 110 Pickerel from 19 lakes
were examined; 51 contained a total of 397 c.c. of food of which 55
per cent was White Perch, 40 per cent was other fish, and only 0.2
per cent was insects (Table XVII). The fish which had been fed
upon mostly by the pickerel were those with which it is usually asso-
ciated in lakes, namely, the White Perch and Ycllow Perch.

Yellow Perch. The stomachs of 231 Yellow Perch from 19 lakes
contained 147 c.c. of food of which 46 per cent was fish and most of
the remainder was aquatic insects (Table XVIII). The most impor-
tant of the fish were Yellow Perch and White Perch; the most im-
portant of the insects were Mayfly nymphs, dragonfly nymphs, and
caddisfly larvae. The food eaten by these Yellow Perch was quite
similar to that eaten by White Perch (see page 125) in these same lakes,
the difference being that the Yellow Perch had fed somewhat more
on fish, the White Perch more on insects.
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Pike Perch. The eight adult Walleyed Pike taken from deep water
in Great Pond contained practically nothing but fish which, by vol-
ume, was about half Smelt and half White Perch.

Salmonids. The data on stomach contents of 16 Brook Trout
from 3 lakes, 10 Togue from 3 lakes, 7 Land-locked Salmon from 4
lakes, and 4 Chinook Salmon from 3 lakes, are summarized in Table
XIX. The Brook Trout from Sabbathday Lake in New Gloucester
contained mostly bottom organisms. The remaining trout and the
Togue and salmon had fed mostly or entirely on fish which, in turn,
were mostly smelts.

Common Sucker. The anterior part of the intestinal tracts of 28
suckers was examined for food contents. Their food was entirely
organisms from the bottom fauna (Table XIX).

Common Sunfish. The food found in 66 Common Sunfish from 9
lakes was entirely organisms of the bottom fauna. Snails were, by
far, their most important food, making up 63 per cent of the total

volume. Dragonfly nymphs among the insects were next in impor-
tance. The large snail content in the diet of this fish is probably

associated with the strong molar-like crushing teeth on the fifth
pharyngeals of this species.
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TABLE XVI.

Volumes in cubic centimeters and numbers (in parentheses) of food

i organisms in stomachs of 66 Small-mouthed Bass from 20 lakes

Fish Examined E §
: : 7 = S -2
! Number of Degree oo 2 51 &
fish; and Range of in- = 5 s 5 | o881 8
. Date of | number of in festa- g 3 |R2|=] 8 S a
Name of collee- fish, in total tion Total 2 %€ i [Aes & 3 QE) 2
lake or pond tion: (), con- length with stom- |5 8 g 2 o's P 4 21 b
1940 taining in bass ach ‘E}& 8.5 Eq 9 i 3§ b
food inches tape- con- (FT( w- 525~ ;.EJ ’(2 &
worm tents 11O 5 [ST P = in | =
Hubattus June 20-21 (1) 14. 0 None 2.5 2.5
¢¥ 1)
I'ripp Aug. 10--11 (1) 17. 4 None 1.5 .. | eenee 1.5
(n 1)
I'hompson July 11-12 5(3) 14.3-18.6| Nonc 15.6 1 0.6[ «..-. 15.0
3) (1) o - (2)
Pleasant June 21-22 1(1) 20.5 None 0.8 [ .. [.v..n 0.8
N (1)
I'icasset (0} 13.7 Heavy 0.0 §..].....
(0 i
I'nrker July 15-16 1(1) 15.9 Medium 5.0 [ .o ... 5.0 .
1) (¢)]
i'lying July 18-19 2(1) 14. 2-21. 3| Heavy 1.1 1.1
(Re- (Re-
maing) mains}
Woebb ) Sept ‘;» il 6(0) 8.5-17.9 | None (().)0 .....
(1]
North (P.521)  |Sent. 5 3(3) | 10.0-14.8] None | 36.1 | .. | ----- 32.1 4.0
) )
Routh Sept. 4-5 1(1) 17.3 None 3.0 0.05 2,95
2) [¢V)] [¢Y]
Kund Aug. 15-16 1(1) 11.4 None 0.6 0.6
(2) (2)
{'obbosseecontee Aug. 9-10 3(3) 11.2-17. 5] Heavy 19.8 {19.7| 0.1
) 3) (1)
Wilson (P.673) July 30--31 1) 16. 3 None 4.0 [ .. ... 4.0
(2) @)
Maranacook Aug, 34 1(0) 16.9 None (() O .. ] .- .
0)
Hiow B Jv;nu 28- B
July 2 11(7) 9.3-18.5 | Heavy 90. 3 3.2 86. 5|0. 6
(13) (7) B (D
Hrt, of Belgrades|June 21—
Sept. 8 14(6) 9.2-17.3 | Heavy 27.1 9.0] 3.6 14. 5
(6) @ 3)
Nirth of Belgrades|July 10-11 (L) 16.1 Heavy ,(2)5 ..... %i)’
1
it of Belgrades |[July 11-12 5(2) 13.3-20. 1| Heavy 5.5 50 ..... 0.5
(2 [¢}] n
Pinbden July 26-28 3(2) 10. 5-15.7{ None 0.21 0.01 0.2
)] (1) n
Pinhnw Oct, 14-16]  4(1) 16.5-19. 4| None 23.0 | .. |..... 23.0f ..
(3) 3)
Totals June 20~ 66(36) 8.5-21.3 238.61 [34.3] 8.66 | 5.0[33.6(145, 5|7, 55! 4.0
Oct. 16 (48) M A3) | W G| 6| )
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*Includes: Mayfly nymphs, dragonfly nymphs, caddisfly larvae, ants, beetles, and insect remains.




TABLE XVII. Volumes in cubic centimeters and numbers (in parentheses) of food organisms in stomachs
of 110 Pickerel (Esox niger) from 19 lakes
Fish Examined 2 =
( 8 g e} ) 5
g
b s | &L, FE LR i .
Date of 10%5,1-?;1‘ Range § Xg § é,-\ % e 'é = = § =5 2 %
Name of collec- and num- in Total = 2 =873 ] A% 5 g ;: S 2 g
iake or pond tion: ber of total stomach g 2 #s8 &g o3 & &s 2 2
ake or p 1940 fish, in length contents =5 2 % 5§§ e g N g § N g 5 :0
, con- in oo Y 33 €5 £8 &5 2 -
(ta)ining inches 28 g 55 %< 5 s g 2 §§ % E
food =12 | £ o) = S = £
2.7 0.5
— 202 12. 8- 3.204 | ..... [0 7e N T I O e IR 0
Sabattus June 20-21 2) 2.8 S A i
34 D P P O I BRI B 15.0 10.5 0.21
ook Taylor Aug. 13-14 7(3) 1261; %g) 4 W U AV I B > %
o .
* 2.2
i — 2(1 14. 8~ 0 P A S e B I EER N I
Tripp Aug. 9-10 (1) 1.8 % 2
5— 15. 8- 12,0 veeee | e 530 T T E O B S
Allen Aug, 15-16 2(1) 555 & =
.............. 1.7 PR 0.3
Androseoggin June 25-26 3(2) 12.225 ?2)0 .................... t o
Pocasset Aug. 2-3 1(0) 17.8 (()0 )O ............................................
0.3
i — 7 12.7— (o0 DR P R I I B X IR B R
David Aug. 16-17 7(1) 27 % U
: R P I T I (oo 195 0.8
Webb Sept. 9-11 3(2) 13_.)-1—8— %’% b JE IR B R SRR o) )
North (P.521) Sept. 5 1(0) 16.2 (()0)0 ............................................
Cobbosseecontee Aug. 8-9 2(0) 1?5 11 (()O)O ....................................

Wilson (P.673) July 30-31 1(0) 15.6 [0 0 R T I I (T A I .
v (0)
Maranacook ’ Aug. 2-3 (1) 15.0 [ S O (S P I S U I 0.5
Torsey July 30-31 4(4) 14.6— 47.1 G 0.4 | ...... b0 T T O 2,0 |..... 0.7 | 17.5
16.1 (25) (10) [¢8] (11) (1) (&3]
Snow June 28-29 12(8) 14.0- 70.87 4 ..... 0.07 | ...... D T O e S 54.3
21.3 (14) ()] (1) (6)
Long of Belgrades June 24-26 3(1) 19. 7; [0 . O e S S L O e e 0.9
21. e e
Great of Belgrades June 17— 19(7) 17, 1- 85.7 2.1 (620 S N RO S SO TN 74.3 8.9
Sept. 7 23.8 (16) [§3) (3) @®) @
North of Belgrades July 9-11 3(3) 16. 1— j 15 S| A IO (RUDADIURP S TP H A P 1.65
23.2 e e
East of Belgrades July 11-13 5(2) 14. 3- (070 T | P (AU (O I PO T T, 9.5 0.1
; 15.1 (2) &) [¢9)
<o Pushaw Oct. 14-16 32(13) 12.6- 115,83 ] veeve ] aiie e 12.5 18.0 24.5 11.0 44.2 5.1
21.9 (19) [6))] D (1) (€8] €] 6)
Totals June17-Oct. 16| 110(51) 12,6~ 357. 334 2.1 0.874 12.0 55.5 18.0 24.5 29.7 1 217.2 | 19.96| 17.5
25.0 (92) (¢)] (24) @ 3 (¢}] [€Y) (14) | (28) 18) | @)

*Included Mayfly nymphs, dragonfly nymphs, and midge larvae.




TABLE XVIII. Volumes in cubic centimeters and numbers (in parentheses) of food organisms in stomachs
of 231 Yellow Perch from 19 lakes
Fich examined B
2 3 == =
£ 2 Z TlEal o~ 2
Number = ) o _1 g R EE % 3
of fish; = g %»\ g o 0.8 rz = = T‘;’§ =3 23 2 E
and num- |Range I ~| = 5%3 E”EE H5E s & H D R 2 3ee |5 § ]
Date of ber of in 2= | £3 g3 2% =5 | »2 | EE | =8 SEIENEERE IR
Name of collee- fish.in | total < g Sl Qé’ R = Z ol $15% SETS 1&g § |58
‘lake or pond tion: (),con- |length| Total =< €% | g8 €8 | 22 gt 2 |=5]E81 238 % T les| B3 S
1940 taining | in |stomach | £3 SS| %8 | FE | B | °2 Z 25| E¢|2E2E |53 5 | &8
food - |inches jeontents | O =3 |78 | a2 | &g (B8 z S| S8 28mt BT & [FE
Sabattus June 19— 16(12) 7.6— 7.53 e . R N 5.348! 0.5 10.72 [0.707|0.005] .. . .. 10.25
21 9.8 | (137) (38) | (1) {(46) [(42) ((9) (1)
Auburn June 27— 25(20) | 7.7- | 30.49 PR U BN O N oA oo | e D05 L. oo 12,9 .. ] .. | 4.6 115.3/2.04
29 11. 5] (24) ® . ) @O () [
[T - JEN— SR P [y _ e
S Allen Aug.15— 16(11) | 7.6-| 3.25 | .... {... |...]0.526 2.63}0.1
< 16 11.7} - (107) ay| s | @
Androscoggin June 24~ 3(3) 7. 5— 2.15 - v VU B 0.45] 1.7
26 11.1] (6) (3 3
Pocasset Aug.1-3 5(0) 7.7- 0.0
11.5] (0)
David Aug. 16— 3(0) 8. 1- 0.0
17 11.4| (O)
Flying July 18-~ 2(0) 10.7- 0.0
19 1.3 (0
North (P.521) Sept. 5 25(22) | 7.4-| 7.37 10.45] ... ...l ... 3211280055 | ... |...0014 ... ... .. |...]..]. Jo.18
9.1 (996) (800) (46) (13) [(112) (23) .
Cobbosseecontee  |Aug. 9- 30 6.9- 0.0 .
10 8.2 (0
Wilson (P.673) July 30~ (1) | 8.3 0.4 AU VU I RO 0T 2 AU AU AP RPN [N
g1 (6) (3) ¢V
© Maranacook Aug. 2-4 5(4) 8.3- 5.55 s 0.002) L. ... ] 1,45 | 4,098
11.4] (70) (2) (40) (28)

Torsey July 31— 23(18) 6,.3-117.812 ¢ .... [0.1 P R 0.45 ] 8.1 o.. 10.0020.21 7., [ 0.5 R B oo 831 .. 10.15/ ..
- Aug. 1 12, 2| (214) (23) (13) (76) (2) (2) (33) (84) 68}
Snow June 27— 37(28) 7.2- | 23.56 ool ... j11.235} 1.07 {0.85 1{0.005} ... } .. R D . e foees 17.043.3 10.1
30 12, 8} (188) (99) (4} (79) [¢)) . (1) {3 (1
T.ong of Belgrades
South Part June 26— 3(2) 6. 5- 0.635 oes 100146) LL0f ... ] 0.504) L., S IR BN B SN . U S PP B I I
27 11.0{ (73) (67) (6)
North Part June 22— 13(8) 7.6~ | 26.55 .. 10.08 ] ...} ... | 0.717] 0. 348]6.0 0.0050.3 0.1} 4.0 . 15.0
25 12. 8 (205) 47 (9 (4) (48) (5) (8) (2) | (81 [¢3)
Great of Belgrades |June 17— 23(11) | 8.3- | 13.13 ceve Jees 3.3 ] ... 1 2.855 0.1 (0.015 {0.01 {0.05 | .. . ‘e o fee 1 2.202.312.5
July 20 11. 4 (54) 1) (41) | (1) {3 [¢ VIR ITY) n j@» K
North of Belgrades |July 9— 8(6) 7.1-| 2.55 vees beee Jeedfee. 100551 1.3 0.7 BN B T IO B BT B B I T T
11 13.7| (61) (8 @) |49
East of Belgrades |July 11— 16(13) 6. 3~ 5.8 ... {0.006|1.91} ... | 2.214] .... 10.336 {0.034| ... P .. PP S 1.3 1} ..
13 9.1 (48) ®) |[@ (23) @ 8 2}
b Pushaw Oct. 14~ 4(1) 6. 09— 0.01 coe. 10,01 .. I T .o .. .. PP B
=y 16 8.3 (1) (6]
Totals June 17— | 231(160)| 6.3- |146.802 | 0.45 10.334(5. 01{0. 52 [32.003(25. 7569, 181 {0.763{0.615{0. 25} 4.5 |2.9 0. 25]{15.0{16.4 }24.6|7.99/0. 28
Oct. 16 13.7((2190) (800) {(145) {(3) {(11) [(426) ([(145) {(343) {(59) (23} 1{26) { (114) {(4) (1) (1) {(68) {(9) {(®) [(1)

*Included water mites, beetle larvae, damselfly nymphs, back swimmers, and insect remains.




i i i i i in stomachs
TABLE XIX. Volumes in cubic centimeters and numbers (in parentheses) of food organisms in s
of pike perch, trout, togue, salmon, suckers, and sunfish from Maine lakes

Fish examined 2, - =
g = i 2 P
2 2 ER ] % s 8] %
Number Ba e g 23 2% £ |a5i88 =
of fish: | %z g8 a7 23l =25 - e — £ (85158 2
Date of jand num-| Range | 55 ‘§-§, o% 21 5% gEg 22 2, 2 |3 2 ﬂié &
Species of fish, and collec- ber of in ; =& E - Ral ¥ EE R 38 Ex 3 &2 s o g
name of pond tion: fish, in total 5 ) LS 281 %5 ad= 5B § 2 | : 22188 =
1940 (),con- | length ;l‘otal " ;5 §§ ;:E 25 EE geé 2 H £ QE)S §§ "?;g: =
tainin, in stomae. b) =B < = a2 2= £ A8 B IS &
’foodg inches | contents BS B 2 R © x = ®
| 20, 5~ 55.7 4 oo 00030 oo ] e e b s e 21,37:18.7] .. {15.6
Pike Perch June 17~ 8(8) 20. 5 33.7  F e 0.03 § ....uens R B I 1 {
Great of Belgrades | Sept. 7 25.3 (49) (25) (12) (2 _ 90_)4
Brook Trout -
s 4 Aug. 27- 6(6) 8. 4~ 9.0  § ... 0. 055 1.15 Ve e 3.994 2,811 0.1 ... L. - 10 89
Sabbathday Lake \12,9 ‘ ) 12.0 (192) (12} (12) {125} {40) (1) 2y
5 "\ June 21— 9(8) 9.5~ | 44.7 L e R EYTE P ..o140.830 L. 1.1
Pleasant Pond Jug_g 1 (8) 13.32 o) 25 o o
- of Belgr: July 8 1 | 10.6 ' e el I R BV s 0.2 | 1.4
Great of Belgrades Iul}) 8 ‘ {1 & . R
|y —_— N A
= 186 15 8.4— 55.3 ... 0. 055, 1.15 ! 3.85 3. 994 2.811 0.3 142.25; .. .. [ 0.88
o Alltrout (13 3.2 | (284 (12) (12) 'I 32y | (128) (40) 2 189 1ot @
- . | s
%‘olg(ugror S i !
ake Trout oo i . _
3 Sept. 5 22) | 22.8- L2 | e e 0,05 olerl ool o
South Pond ept. 3 (2) 2.5, & %) ! % - %)
Narrows P Aug. 13 43) | 1L.6- | 9.6 2.528 | ... | 001 ... |0.05] .c..... 0,014 | .o | oo | 7.0
arrows Pond ug (3) 152 (14.009) (14, 000) (2 ) (3) 1
Em Tuly 2 w2y Le6- | 7.8 L 14 3.4
Embden Pond July 28 (6] 8.5 o 3 6)
AllTogue 100 | 11.6- | 18.6 2.5%6 ... | 0.06 ... 10.05{........ 0.014 | ... |51]..|.. |10.85
{1 Togue @Y | gz | ai.000 @ M &) @ a0
Land-locked Salmon o
/! . 2 28— 3(3) 14, 1~ 104§ ... B FR O S T R e 8.1 .. 1.4f 0.9
Auburn Lake Iu;g 3 (3) w5 2 % ] (_1)7 (2)_
N _ -~ -
Sand Pond Aug. 16 1) 13.8 (()1)2 ....... P P PP S S ?1;_
5 22 8 101 | . U VR SO IR 1.5 1210865
Great of Belgrades JXLeg.lg‘sl (2) 13 (%) (Romains) | 02 | (D)
Embden Pond July 27 11 17. 3 457 ....... [ 0.2 . R N TR %2)5

ADL3'x'd Salmon 0 13. 8- 25,4 r ....... o | 0.2 P R 1.5 2.1 119.1 4 .. 1.4] 1.1
' 17.3 63 | & (Remains) | (22) [(38) ORNE)
Chinook Salmon -
Cobbosseecontee Lake; Aug. 8 1(0) 17.5 (() 0 S O O T
i a) i
_ | —— SO IR (R
Narrows Pond Aug. 14 (1) 21.5 | 20 T e 3.0
[63] » ¢}
Great of Belgrades | July 9 2(2) 23. 4— 9.0 [ I P R U A I 9.0
23.4 9) )]
ATl Chinooks Tam (1 | 120 ... N U I DD AT 9.0 3.0
23.4 (10} 9) (1)
Common Sucker o
Webb Lake Sept. 10— 24(18) 13. O~ 9.32 i....... 0.005] ........ ... 1 0.2 9. 07 0.045
11 19.0 (168) (3) (3) (115) (43)
Great of Belgrades | June 19— (4 17. 9~ 15.0 d....... - 15.0 e P T
20 18.5 (Remains) {Remains)
All suckers 28(22) 13.0— 24.32 4 ....... 9. 005 15.0 oo 1 0.2 9.07 0.045
18.0 (168) (5) (Remains) (3) (115) (43)
Common Sunfish
Androscoggin Lake] June 25— 1(0) 8.3 0.0 F oo R N P T T
— 26 (0)
R —— - — —
@ Pocasset Lake Aug, 2- 4(2) 8.7- 0 S S O R ) IR0 T B
3 9.4 [{Remains) (Remains)
Maranacook Lake | Aug. 2— 1(3) 7.3~ .7 b, - 0.1 0.1510.75 0. 55 0.15
3 7.6 (109 (3) (2) (84) (18) {2)
Torsey Pond July 31— 38(28) 4, 8- 15.956 L ....... P 1.85 1 1.65 12. 436 0. 02
Aug. 1 7.8 (174) (18) (32) (123) (€3]
Snow Pond June 27— 3(2) 6.7— 0.3 F ... O P 0.25 0.05
. 29 9.7 2 (2) (Remains)
Great of Belgrades | June 18- 9(6) 4.5 5.66 4 ....... e 1.2 P S 4.46 | ........
Sept. 7 9.1 (9 [£9)] (Remains)
North of Belgrades} July 10— 3(3) 6. 6— 9.7 ... V. 0.05 3.549 0.3 3.3 0.401 2.1
11 8.9 (31) 2) (2 (16) |{(Remains) ! (6) 6]
East of Belgrades | July 11— 140) 6.7 0.0 {....... J O P O i
12 (0) N PR
Pushaw Pond Oct. 15— 3(1) | 6.8- 0.11 F....... N U UUDE DR P
16 8.2 4) [€)] ’
All sunfish 66(45) 4.8~ 34.526 |l ....... e 1.35 5,549 2.70 22. 206 0.621 2.1 1 ...
9.7 (329) 14) (22) | (132)] (147) 9 (5)

*‘Other aquatic invertebrates’ include: aquatic earthworms, alderfly larvae, beetle larvae, midge larvae, mosquito larvae, and insect remains.




MAPS OF THE LAKES AND PONDS

The following outline maps and cross-section diagrams for the lakes
(Figures 7 to 51) are included to show the results of depth soundings
and our evaluations of the suitability of the water for trout or salmon.
The lake outlines have been copied from United States Geological
Survey Topographic Sheets, and in some instances have been modi-
fied slightly based on our own field observations. The numbers of
soundings were presumably adequate for our evaluation of the water
for different types of fishes; however, the intensity of soundings in
some lakes was probably not sufficient to indicate the greatest depth
of water. Areas of water of greater depth than is indicated on these
maps must of necessity be very limited in extent. Data from Table
IIT were used in preparing the cross-section diagrams headed “suita-
bility for trout and salmon during late summer.” A koy to the sym-
bols, figures, and terms used on these maps is as follows:

All numerical figures within outline of lake represent soundings in
feet.

Water analysis stations indicated by the symbol .

In the cross-section diagram headed by ‘‘suitability for trout and
salmon during late summer”’:

“Suitability”” means only from the standpoint of temperature
and oxygen.

‘‘Late summer” means during the end of the hot part of the sum-
mer, mostly during August. ‘

‘““Water volume’’ refers to all water in the lake.

‘“‘Bottom area’’ refers to the entire lake bottom.

“Warm’ means above 70° Fahrenheit.

“Trout’ means trout, togue, or salmon, and probably applies also
to such other cold-water fishes as smelt, whitefish, and cusk.

“Low oxygen’ means less than 5 p.p.m. of dissolved oxygen in the
water.

Blackened area represents proportionate amount of water volume '

or bottom area not available to trout or salmon during late sum-
mer.

White area represents amount of water volume and bottom area
available to trout and salmon during late summer.

“No trout or salmon water’ means during late summer.

Pond reference numbers are indicated in the following form:
P 389, P 409, P 719.

“Elev’’ means elevation in feet above mean sea level, obtained from
United States Topographic Sheets.

Area in acres obtained by using planimeter on lake outline on United
States Topographic Sheets.

Direction arrows indicate true north.
All maps by W. P. Strang.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

NO TROUT OR SALMON WATER

13 18 19 )13

SABATTUS POND P389
GREENE,WEBSTER AND
WALES TWPS.

ANDROSCOGGIN CO.

16 s 17 18 17 14

ELEV. 243 FT AREA 1,787 ACRES

] 2 4 [ a 10

1235 17 15
TENTHS OF MILE ML

13 i3 14 14

Iz 2208

SABATTUS

N,

Figure 7. Sabattus Pond. Soundings in feet and suitability of the water

for trout or salmon.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

74 %o

TAYLOR POND P 392

AUBURN TWR  ANDROSCOGGIN CO.
ELEV. 239 FT.  AREA 625 ACRES

o | 2 3 4 5
FREONN

TENTHS OF MILE

POLAND
.

SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

MIODLE
RANGE
POND

LOWER RANGE POND P 398

POLAND TWP ANDROSCOGGIN CO,
ELEV. 304 FT.  AREA 290 ACRES

2 4 5 8 10
b Eeeee—

TENTHS OF MILE

Figure 8. Taylor Pond. Soundings in feet and suitability of the water for
trout or salmon.
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Figure 9. Lower Range Pond. Soundings in feet and suitability of the water

for trout or salmon.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

QUTLET—TO LOWER
. &~ RANGE POND

24 52 64 €0 14

UPPER RANGE
POND

MIDDLE RANGE POND P 400

POLAND TWR ANDROSCOGGIN CO.
ELEV. 305 FT,  AREA 366 ACRES

V] 2 4 6 8 10

L N B

TCNTHS OF MILE

Figure 10. Middle Range Pond. Soundings in~feet and suitability of the
water for trout or salmon.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

UPPER RANGE POND P 40|
POLAND TWP ANDROSCOGGIN CO.
&

NEW GLOUCESTER TwP CUMBERLAND CO.
ELEV. 305 FT AREA 39| ACRES

° 2 4 6 8 10

TENTHS OF MILE

Figure 11. Upper Range Pond. Soundi i itabili
watogure 11 Up sa.lmon.g r oundings in feet and suitability of the
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

BOTTOM AREA

WATER VOLUME

58%/e

A2%e

WHITNEY POND P 404

OXFORD TWP  OXFORD CO.
ELEV. 30l FT. AREA 170 ACRES

0 2 4 6 a to

TENTHS OF MILE

WELCHVILLE
L]

SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VQLUME

BOTTOM AREA

NO TROUT OR SALMON WATER

HOGAN POND P 403

OXFORD TWP  OXFORD CO.
ELEV 301 FT.  AREA {77 ACRES

SUITABILITY

SALMON Dl‘JRING LATE SUMMER

WATER VOILUME

NO TROUT OR SALMON WATER

FOR TROUT AND

B80T TOM AREA

6%

TRIPP POND P 408
POLAND TWR ANDROSCOGGIN CO.

ELEV. 306 FT.  AREA 732 ACRES

) 2 4 5 8 .

TENTHS Of MILE

WEST
POLAND

Figure 12. Hogan Pond and Whitney Pond.
bility of the water for trout or salmon.
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NSoundings in feet and suita-

Figure

13. Tripp Pond. Soundings in feet and suitability of the water for

trout or salmon.
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< SUITABILITY FOR TROUT AND
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PENNESSEEWASSEE LAKE P 416
NORWAY Twp OXFORD CO.
ELEV. 398 FT. AREA 922 ACRES

2 4 L 8 L]

TENTHS OF MILE

SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

BOTTOM AREA

WATER VOLUME

80

25

30 12

~~1 00

e
4 45 29 \

38

NORWAY

Figu.re 15. Pennesseewassee Lake.
water for trout or salmon.

Soundings in feet and suitability of the
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‘m‘l"lnure 14. ‘Thompson Fake, Soundings in foet and suitability of the wnler




SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

12 14 14 16

76 e §0°/,

T 14 191§

18%/0

15%o
22 %

PAYNE
23 31 38 40 44 4322 N |Fpee

47

TWITCHELL POND P 425

GREENWOOD TWP  OXFORD €O,
ELEV. 763 FT. AREA |58 ACRES

o 1 2 3 a4 5

TENTHS OF MILE

SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME

53%e

BRYANT

Figure 16. Twitchell Pond. Soundings in feet and suitability of the water
for trout or salmon.
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BRYANT POND OR CHRISTOPHER LAKE P427
WOODSTOCK AND GREENWOOD TWPS,  OXFORD CO.

ELEV. 694 FT AREA 278 ACRES

o t 2 3 4 5

TENTHS OF MILE

Figure 17. Bryant Pond or Christopher Lake.

N Soundings in feet and suita-
bility of the water for trout or salmon, ’ o
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SUITABILITY FOR TROUT ANOD
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

NORTH
AUBURN

T 33 2

33 43 39524 40

EAST

AUBURN
36 66 99 N2 106 92 42 27 343115
100

36 80 97 83 26 13
34

13 32 a3 10

AUBURN LAKE P428
AUBURN TWP  ANDROSCOGGIN CO.

ELEV. 259 FT. AREA 2260 ACRES
[ 112 ] 72 2

MILES

Figure 18. Auburn Lake. Soundingé in feet and suitability of the water
for trout or salmon.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

BT

ALLEN POND P 437
GREENE TWP.  ANDROSCOGGIN CO.

ELEV 342 FT AREA 183 ACRES
o i 2 3 4

TENTHS OF MILE

Figure 19. Allen Pond. Soundings in feet and suitability of the water for
trout, or salmon.
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SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

SUITABILITY FOR TROUT AND WATER VOLUME BOY TOM AREA
SALMON DURING LATE SUMMER I
100%a WARM 100 % o'y
WATER VOLUME BOTTOM AREA 3:
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Figure 21. Androscoggin Lake. Soundings in feet and suitability of the

water for trout or salmon.
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Figure 22. Pocasset Lake.
for trout or salmon.
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Soundings in feet and suitability of the water
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Figure 23. Lovejoy Pond. Soundings in feet and suitability of the water
for trout or salmon.
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Figure 26. Tilton Pond. Soundings in fcet and suitability of the water
for trout or salmon.
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Figure 27. Flying Pond.
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Figure 28. Worthley Pond. Soundings in feet and suitability of the wbar
for trout or salmon.
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Figure 29. Webb Lake.
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Figure 30. Silver Lake or Roxbury Pond. Soundings in feet and suitability
of the water for trout or salmon.
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SALMON DURING LATE SUMMER
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Figure 31. Garland or Little Ellis Pond. Soundings in feet and suitability
of the water for trout or salmon,
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Purgatory "Pond and Sand Pond. Soundings in feet and suita-

water for trout or salmon.

Figure 35. Cobbosseecontee Lake.

Soundings in feet and suitahility of the
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Figure 36. Annabessacook Lake. Soundings in feet and suitability of the
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Figure 37. Cochnewagan Pond. Soundings in feet and suitability of the
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Soundings in feet

Figure 39. Maranacook Lake. Soundings in feet and suitability of the water
for trout or salmon.
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Figure 47. Salmon Lake and McGrath Pond. Soundings in feet and suita-
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Figure 48. Clearwater Pond. Soundings in feet and suitability of the water
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Figure 49. Wilson Pond. Soundings in feet and suitability of the water™or
trout or salmon.

207




N ' SUITABILITY FOR TROUT AND
SALMON DURING LATE SUMMER

WATER VOLUME BOTTOM AREA

58%%

19 24 32 25

SANDY POND P 883
EMBDEN TWP  SOMERSET CO
ELEV. 410 FT AREA 107 ACRES

o

1 2 a 4 £
T

TENTHS OF MILE

Figure 50. Sandy Pond. Soundings in feet and suitability of the water for
trout or salmon.
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CONCLUSIONS AND RECOMMENDATIONS

The survey analyses on depth, temperature, and dissolved oxygen
of the water revealed that the present group of 53 lakes and ponds
includes distinctly different types of lakes with respect to their suita-
bility for different kinds of game fishes: Many lakes were found to
be good trout and salmon waters; others were found to be distinectly
not good trout or salmon waters; and some lakes were somewhat
intermediate in this respect. The classification of these lakes on the

basis of water analyses is here repeated (and slightly modified) from
page 66, as follows:

Excellent trout or salmon waters. Middle Range Pond, Upper Range
Pond, Thompson Lake, Auburn Lake, Echo Lake, South Pond,
Clearwater Pond, Wilson Pond in Wilton, Embden Pond, Pleas-
ant Pond, Flying Pond, Sand Pond of Tacoma Lakes, and the
south part of Narrows Pond.

Good trout or salmon waters. Maranacook Lake, south part of
Long Pond of the Belgrades, north part of Narrows Pond, Worth-
ley Pond, Allen Pond, and Garland Pond.

Marginal trout waters. Lower Range Pond, Pennesseewassee Lake,
Twitchell Pond, Bryant Pond, north part of Long Pond of the
Belgrades, and Sandy Pond.

Bass, perch, or pickerel waters. Parker Pond, Berry Pond, Taylor
Pond, Whitney Pond, Webb TLake, Cobbosseccontee Lake,
Salmon Lake, Hogan Pond, Tripp Pond, David Pond, Tilton
Pond, Silver Lake, North Pond in Woodstock, Purgatory Pond,
Annabessacook Lake, Wilson Pond in Monmouth, Dexter Pond,
Torsey Pond, Snow Pond or Messalonskee Lake, Great Pond of
the Belgrades, Sabattus Pond, Androscoggin Lake, Pocasset
Lake, Lovejoy Pond, Cochnewagan Pond, North Pond of the
Belgrades, East Pond of the Belgrades, and McGrath Pond.

Two implications to be drawn from this classification and which are
of utmost importance in the present recommendations on stocking
and other management policies are: (1) that the different species of
game fishes have certain requirements and do best in certain types of
waters, and (2) that good fishing for from six to eight game species
cannot be maintained in one body of water, or, more specifically,
that good fishing for trout, togue, or salmon eannot be maintained
in lakes with abundant populations of from three to six species of
warm-water game fishes. The validity of the above classification of
these lakes on the basis of water analyses was substantiated to a
considerable extent by the results of gill net sets made in most of
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these lakes, for most of the few (25 of a total of 34) salmonids taken
by the nets were from seven of the “excellent”’ or ‘“‘good” trout or
salmon lakes. The most conclusive evidence for the validity of this
classification is from results of previous surveys on other Maine lakes,
particularly the Rangeley Lakes, Sebago, Kezar, Adams Pond, etc.
(see Maine Fish Survey Reports Nos. 2 and 3); most of these lake{s,
from which large numbers of trout and salmon were taken by gill
nets, were deep and had little oxygen deficiency in the deep water,
i.e., they were of the types listed above as ‘“‘excellent” or “good”
trout or salmon lakes. The lakes listed above as bass, perch, or pick-
erel waters were found to be unsuitable for trout or salmon, and, there-
fore, should be developed for these warm-water game species. It is
recommended that this classification of the lakes be followed in the
future stocking program, on the grounds that the best re’_curns from
stocking can be expected from those lakes in which conditions of the
water are most ideal for a given species. Judging from the results qf
our fish collections, as compared to records of past fish plantings, it is
evident that perch, pickerel, and (in some instances) bass become
abundant in most lakes without aid from artificial propagation;
trout and salmon, on the other hand, are able to maintain a fair de-
gree of abundance in the presence of these warm-water game fishes,
and with aid from artificial propagation, only in those lakes where
conditions of the water are particularly suitable. It is, therefore,
most important to stock salmonids in the best trout and salmon
waters in order to maintain a balance of trout, salmon, bass, perch,
and pickerel fishing.

A desirable balanee between trout and salmon on the one hand,
and perch, bass, and pickerel on the other, is not being maintained in
this group of lakes, judging from our gill net collections. Trout and
salmon are not so abundant as might be expected from past stock-
ing. I'rom the survey of 1939, we have information on the Rangeley
Lakes for comparison with the present group of 53 lakes: Compar-
able gill netting effort took more than ten times as many trout and
salmon from the Rangeleys, even though these two groups of lakes
had been stocked at somewhat the same rate in proportion to their
acrcage. This difference may be partly attributable to the fact that
many of the lakes studied in 1940 in which salmonids had been planted
were not suitable for these fishes. The difference is partly due, how-
ever, to other factors; for returns of salmonids in nets from the bet-
ter trout waters, such as Auburn, Embden, Narrows, Pleasant, and
South, were about one-fifth the returns from the Rangeleys. In these
better trout lakes of the 1940 survey, conditions of depth, tempera-
ture, dissolved oxygen, abundance of plankton, and abundance of
bottom food, are as favorable as in the Rangeléy Lakes. The most
obvious difference is that the Rangeley Lakes have no perch, bass,
pickerel, or sunfishes. Also, the Rangeleys apparently have a much
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greater smelt population, which may be partly attributable to the
fact that there are no warm-water game species to help deplete the
smelts. In other words, the abundance of warm-water game fishes
and the relative scarcity of smelts in most of these better trout and
salmon lakes of the 1940 survey are obviously the most important
factors limiting the survival of stocked trout and salmon; and neces-
sary measures should be taken to decrease the perch, bass, and pick-
erel and to increase the smelt in those lakes in which trouts and
salmons are planted.

There may be considerable controversy over the proposed stocking
recommendation for several of the present group of lakes. Among
the lakes found by the survey to be “bass lakes,” and therefore not
suitable for trout or salmon, are several of the largest bodies of water
particularly Great Pond of the Belgrades, Snow Pond or Mcssalon—’
skee Lake, and Cobbosseccontee Lake. These lakes have been stocked
heavily with trouts and salmrons; a very few salmonids were taken
from them by our gill nets; and they produce some trout and salmon
fishing, notably for large fish. In fact, judging from some local re-
ports, they may be producing as good trout and salmon fishing as
are some of the “better’”” trout and salmon lakes for which stocking is
here recommended. Great Pond produces some Chinook Salmon
Land-locked Salmon, and Brook Trout fishing; 10bb0sseeconteé
Lake, some Chinook fishing; and Snow Pond or Messalonskee Lake
some Brook Trout fishing. For example, a letter dated July, 1941’
from Gene L. Letourneau of the Waterville Sentinel stated that ““I
personally took seven trout from Messalonskee this year, cight last
year and six the season of 1939. They ranged from 234 pounds to 434,
were unusually heavy fish and the majority were loaded with smelts.”
(See Plate XXIV.) These lakes are not, however, producing so good
trout and salmon fishing, and they do not have trout and salmon so
predorpinant in their fish populations, as might be expected from the
extensive plantings which they have received. The preponderance
of warm-water game fishes in Great, Snow, and Cobbosseccontee is
quite obvious from the fact that twenty sets of our 375-foot gill net
for a total of 46414 hours of fishing in these threc lakes yielded 3
Brook Trout, 3 Chinook Salmon, 1 Land-locked Salmon, 439 White
Perch, 67 Yellow Perch, 29 Small-mouthed Bass, 33 Pickerel, and 8
Walleyed Pike; or a total of 7 salmonids to 576 competing warm-
water game fishes. The fact that Great, Snow, Cobbosseecontee
and some of the other “bass lakes,” may produce as good trout anoi
salm(?n fishing as do some of the “better” trout and salmon lakes is
not, in the writer’s opinion, a good argument for continued stocking
of salmonids in Great, Snow, and Cobbosseccontee. Rather, the fact
that some of the better trout and salmon lakes may not be producing
any more salmonids than are Great, Snow, and Cobbosseecontee, is
good evidence that stocking should be supplemented by other mea-
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sures in order to improve the fishing in these better trout and salmon
waters. Such recommendations of measures to supplement stocking
are given in a later paragraph.

Most of the lakes classified above as bass, perch, or pickerel waters
contain all three types of these warm-water game species: Small-
mouthed Bass, White Perch, and Common Pickerel. The White
Perch is at least fairly abundant in most of the lakes, and is the most
abundant fish in many of them. The pickerel is quite abundant,
that is, for a large predatory form, at least to the extent that there is
no general complaint among fishermen of its scarcity. The Small-
mouthed Bass is also quite abundant, but the demand by summer
fishermen for bass fishing is so great that there is agitation for the
improvement of bass fishing in many lakes. The number of adult-
sized bass taken by our gill netting from the lakes was not very great
(only 66), and would tend to indicate a greater scarcity of bass, as
compared to other species, than actually exists; for, in the writer’s
opinion, the Small-mouthed Bass is much more difficult to catch in a
gill net than arc most other species, and it might be inferred from this
that adult bass are more abundant than the results of our gill netting
would indicate. The results of considerable seining on the shallows
of many of the bass lakes during July and August revealed, however,
that bass fry and fingerlings were very scarce: 2334 hours of seining
with seines 10 to 50 feet long yiclded 3.5 bass fry and fingerlings per
hour. This, to the writer, indicates an especially meagre population
of young bass, cspecially for these lakes which have ideal spawning
grounds for the Smallmouth; and a scarcity of young bass would
certainly have some effect on the numbers which reach legal size.
One of the reasons for the apparent scarcity of young bass is undoubt-
edly that present bass fishing interferes with the spawning fish. We
found bass still on the spawning beds during the latter part of June,
and most of the female bass taken by our nets during the last half of
June and the first week in July still contained ripe eggs. The present
law permitting fly-fishing for bass from June 1 to 20, and the regular
bass season opening on June 21, make bass fishing legal during most
if not all of the spawning season, and make it possible for fishermen
to catch the adult bass which are guarding their nests. According to
our observations and to reports by local wardens and fishermen, most
June bass fishing is for fish on the spawning grounds. While fisher-
men are permitted to keep only three bass per day during the June 1
to 20 fly fishing, there is no legal limit to the number which can be
caught and released. In fact, many of these lakes have been famous
for the number of bass which could be caught per day per fisherman
by spring fly-fishing. Most of these fish, i.e., those in excess of the
daily limit of three, presumably were released, but this continual
catching of adult bass from their nests could not do otherwise than
have some bad effect on the eggs or fry. It is not known just how
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much damage is done by removing these spawning bass, in terms of
the percentage of loss to eggs or fry, either when the fish are lightly
hooked and immediately return to the nests, or when the bass are
hooked seriously and killed. In the latter event, it seems safe to
assume that few if any of the eggs or helpless fry would survive preda-
tion by other fishes or predators. In any event, the removal of these
parent bass from the task of guarding their eggs and fry is entirely
out of accord with the value of parental care in the maintenance of
the species; and, since a scarcity of bass fry was found to exist in
these lakes, this June fishing for bass on their spawning grounds must
be at least partly responsible for a reported scarcity of bass in some
lakes. It also could have accounted for a general decline in bass fish-
ing over the past few years, which was reported for some lakes. This
June fly fishing for bass on their spawning grounds should be stopped in
those lakes where it is desirable to maintain or improve bass fishing. In
this connection it is necessary to distinguish between bass fishing in
“bass lakes” and bass fishing in trout and salmon lakes; in lakes
which are stocked heavily with trout and salmon in an effort to pro-
vide good fishing for these cold-water species, it is desirable to keep
bass, perch, pickerel, and other warm-water game species at a mini-
mum, and, therefore, June fishing for spawning bass in these lakes is
presumably beneficial for trout and salmon fishing. In addition to
protecting spawning bass in the ‘“‘bass lakes,”” it is also recommended
that these lakes receive annual stocking of young Small-mouthed
Bass by the State Fish and Game Department. The adoption of this
proposed stocking program for bass will entail a considerable amount
of money and effort, for the 28 bass lakes of the present area have a
greater area than the 25 trout and salmon lakes, and more bass than
salmonids are recommended for stocking. Stocking of bass in these
28 lakes can be justified on the grounds that the lakes arc among the
most-heavily fished waters of the state, the bass is one of the most
important species for fishing, and there is a scarcity of young bass in
these lakes at the present time. While stocking bass at the rate
which is recommended (see Table XX) would represent a consider-
able cost to the Fish and Game Department, the actual number of
these stocked fish when spread over the 39,639 acres of bass waters
would represent a small number of fish as compared to what might
be produced by natural reproduction in the lakes themselves. There-
fore, the improvement of conditions for natural reproduction offers
better possibilities for greatly increasing the bass populations of these
lakes; and the expensive artificial propagation of bass might be justi-
fied in a supporting role only if fishermen would allow natural repro-
duction to play its part, or, in other words, discontinue taking spawn-
ing fish from their beds. It hardly seems justifiable for the State to
raise young bass for a lake while fishermen are taking adults from
beds where they are guarding several thousand eggs or fry.
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-The White Perch is the most abundant species of game fish in the
majority of the present group of lakes — our gill nets took from the
lakes as a whole a greater number of White Perch than of all other
species combined. Our gill net sets indicated that the White Perch
was generally more abundant in the shallow lakes than in the deep
ones, but that it also predominated over other species in most of the
deep lakes. The perch provides a major part of the fishing in many
of the lakes and is therefore a big asset to our sport fisheries. On the
other hand, the warm-water game fishes in general, and the White
Perch in particular, are distinct menaces to trout and salmon in the
“good” trout and salmon lakes; for it is generally true in Maine, and
recognized also for most other northern states, that salmonids do not
thrive in the presence of abundant populations of warm-water game
fishes. Therefore the White Perch should be treated as a valuable
asset in those lakes which are best adapted for warm-water species,
but should be climinated as much as possible in good trout and salmon
lakes for which stocking and other efforts are employed to improve
fishing for salmonids.

The present studies on age and growth of the White Perch have re-
vealed that this species requires about 4 to 5 years to reach a legal
length of 6 inches, less time in some lakes, more in others. Fishermen
hardly regard perch with much interest unless they are at least 8 to
10 inches long, and to attain this length requires from 8 to 10 years of
growth on the average. Especially prized fish of over a pound in
weight are mostly over 12 years of age. Such a rate of growth is slow
as compared to our other game speeies, and means that the turn-over
in production of White Perch is comparatively slow in most lakes.
In other words, if very heavy fishing removes a large percentage of
the larger perch, it requires a period of several years for these fish to
be replaced; in comparison, the rapidly growing trout and salmon
in lakes have a much more rapid turn-over. The rate of growth of
White Perch was found to vary greatly among different lakes. Growth
was so slow in some lakes that it was requiring from 6 to 10 years for
most fish to reach a length of 6 to 8 inches; after an age of ten years
and a size of 8 inches were reached, a majority of the fish were either
dying of old age or were being removed by fishermen. In other lakes
the perch had grown to a length of over 9 inches in 6 to 8 years or
less. The food of the White Perch was found to be mostly bottom
organisms, and this bottom fauna must be to a certain extent the
limiting factor in perch production. However, the rapidly growing
perch were mostly from lakes where they had been supplementing
their diet of bottom food with from 20 to 50 per cent fish. The pres-
ent study therefore seems to indicate that fast growth, a rapid turn-
over, and greater production of White Perch, are generally more de-
pendent upon a diet of fish, of which the Smelt, Yellow Perch, White
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Perch, und Golden Shiner are the most Important in this group of
lakes.

There is considerable evidence to show that food is one of the most
important limiting factors in the production of trout, salmon, perch,
and possibly most other species of game fishes in Maine lakes. The
decline in salmon fishing in some lakes has been coincident with a
decrease in the abundance of smelt, and practically all good salmon
fishing is in lakes where the smelt is abundant; the same is true for
Brook Trout in some large lakes such as the Rangeleys. The great
variation in rate of growth of the White Perch apparently is due to a
large extent to variation in the type of food which they eat. Prob-
ably also the production of pickerel and bass is limited at least to
some extent by food. The two important sources of basic food pro-
duction in our lakes are the plankton and the bottom fauna. The
total quantity by volume of plankton in the lakes is many times that
of the bottom fauna. H owever, adult perch, trout, and to some ex-
tent salmon and bass, feed directly upon the bottom fauna to a much
greater extent than they do upon the plankton. The major impor-
tance of the plankton is its role in the diet of small fishes which are
i turn fed upon by the larger game fishes. The smelt is apparently
the most important plankton feeder and food of adult game fishes in
Maine lakes in general, although young Yellow Perch, White Perch,
and Golden Shiners are important rivals of the smelt in this respect
in many lakes of southern Maine. The fact that there are so few
species of plankton-feeding forage fishes in Maine lakes places greater
emphasis on the importance of the smelt. Furthermore, the fact
that the plankton is the biggest source of basic food in most lakes of
southern Maine places greater emphasis on the importance of the
smelt and other plankton feeders to the production of all species of
game fishes. The situation in regards to the smelt might be summar-
ized to the cffect that it is a necessity to the production of salmon, a
big asset to trout, and of considerable mportance to perch, pickerel,
and other warm-water game speeics.  To the same degree, it is a
necessity to protect and preserve the smelt in salmon lakes, it is very
desirable in trout lakes, and it probably would be justifiable to give
the smelt legal protection in perch, pickerel, and bass lakes — in
other words, it is probably desirable to protect the spawning runs of
smelts in all lakes.

According to our gill net catches, the Common Sucker is the second
most abundant of the larger species of fish in the lakes as a whole.
Among the lakes from which our nets took the greatest number of
suckers were Taylor (see Plate IIT), Pocasset, Lovejoy, Webb (Plate
II), Annabessacook, North Pond of the Belgrades, and East Pond of
the Belgrades; all of these lakes are shallow perch and bass lakes.
The chief food of adult suckers is from the bottom fauna, as indi-
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cated by stomach contents of suckers from three lakes in Maine
(Tables XIX and XX1V) and especially as indicated from studies by
numerous other investigators (quoted by Adams and Hankinson,
1928); thus suckers are direct competitors with White Perch which
also feed mostly upon the bottom fauna. We found no suckers in the
stomachs of 1,757 White Perch, 66 Small-mouthed Bass, and 110
Common Pickerel, from which it may be concluded that the sucker
contributes directly very little if anything to populations of these
warm-water game fishes. This evidence obviously favors a reduc-
tion of the number of suckers, as a means of making more food avail-
able to the White Perch.

Recommendations. The recommendations for stocking and other
management methods for the present group of 53 lakes and ponds,
as based on the present survey, are summarized as follows: The
lakes should be considered as of two distinetly different types: (a)
trout or salmon lakes, and (b) bass, perch, or pickerel lakes. Recora-
mendations for the two types of lakes are distinetly different.

For the 25 trout or salmon lakes, which are here classified as “excel-
lent,” “good,” or “marginal”’ trout or salmon waters (as listed on
page 210): Stock trout, togue, or salmon as recommended in Table
XX. The formulation of this stocking policy is discussed in a later
paragraph. In these 25 trout and salmon lakes, give the smelt com-
plete protection (the smelt is already protected in most of them).
Recstablish the smelt in any of these lakes if the smelt population
becomes reduced. Do not stock any bass, perch, pickerel, or other
warm-water game species.  On the other hand, remove all legal re-
strictions on fishing for bass, perch, and pickerel, and thereby favor
the depletion of these warm-water game species, in these trout and
salmon lakes.

For the 28 bass, perch, or pickerel lakes (aslisted on page 210): Stock
Small-mouthed Bass at the rate recommended in Table XX. The
formulation of the stocking policy for bass is discussed in a later
paragraph. Give protection to adult bass on the spawning beds by
either one of the following two methods: (1) prohibit bass fishing in
all “bass lakes” (not in lakes stocked with trout or salmon) at least
until after June 20 and preferably until July 1, or (2) in lakes where
spawning bass are greatly congregated, mark the principal spawning
grounds and prohibit fishing within 100 yards of such spawning areas
until July 1. The protection of the smelt in these lakes, as well as
in trout and salmon lakes, would probably be beneficial to sport fish-
ing. Measures of controlling the numbers of suckers in these lakes
apparently are desirable.

The formulation of stocking policies for the 25 trout or salmon
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lakes and for the 28 bass, perch, or pickerel lakes is given in the fol-
lowing paragraphs:

Stocking Recommendations. Stocking of trout, togue, or salmon
is here recommended (Table XX) for those 25 lakes which were found
by the present survey to be “excellent,” “good,” or “fair” trout or
salmon waters; these lakes had more than approximately 10 to 15
per cent of their total water volume and bottom area within the zone
of good trout or salmon water during late summer. Lakes with less
than about 10 to 15 per cent of their water volume and bottom area
within the trout or salmon zone are here considered to be unsuitable
for stocking trout, togue, or salmon of any kind. The particular
species of salmonids have been recommended for the suitable lakes
partly on the basis of the characteristics of the individual lakes and
partly in view of the past stocking program. The annual rate of
stocking has been based on the “planting table for trout and salmon
in lakes’ given in Fish Survey Report No. 2 (Cooper, 1939b, Table XI),
which planting table is being applied generally by the Survey to lakes
and ponds of southern Maine. By applying this planting table, the
rate of stocking is in proportion to the amount of lake area which will
support trout or salmon, and is dependent upon the amount of food
present, available spawning grounds, competition by warm-water
game fishes, and fishing intensity. An appraisal of these factors for
each lake, as based on survey findings, together with recommenda-
tions for annual stocking of trout, togue, or salmon, is given in Table
XX. These factors, upon which the rate of stocking has been based,
were discussed in detail in Fish Survey Report No. 2, but warrant
some explanation in connection with the present report. “Area sup-
porting trout or salmon,” in the accompanying Table XX, is cited as
“none” for lakes with no “trout or salmon zone” during late sum-
mer; as “almost none,” if not more than 5 per cent of the total volume
or bottom area was included by the trout and salmon zone ; and as
“small per cent,” if from 5 to approximately 10 to 15 per cent of the
total water volume and bottom area was included by the trout or
salmon zone. If more than about 10 to 15 per cent of the total water
volume and bottom area was included, the “area in acres supporting
trout or salmon’ was calculated as the average botween the total
area of the lake (from Table I) and the bottom area confined to the
trout and salmon zone during late summer (from Table ITI). The
food grades for individual lakes are based mostly on the abundance
of plankton, bottom organisms, smelt, and minnows, and to some
extent on the growth index of the White Perch. The abundance of
smelt has been appraised on the basis of the occurrence of smelt in
the stomachs of game fishes, and on the basis of reports by the local
Fish and Game Wardens. These food grades (grade I indicating
greatest abundance of food) have been assigned to the individual
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lakes with respect to the food requirements of the type of fish for
which stocking is recommended. Available ‘“spawning streams for
trout or salmon’ refers to tributary streams in which the fish can
spawn and the young can live until they reach a length of from five
to six inches. The “game fish competition factor” is a numerical ex-
pression of the occurrence and abundance of different species of warm-
water game fishes, and wag obtained by adding abundance factors of
3 (= abundant), 2 (= common), and 1 (= rare) for perch, bass, pickerel,
horned pouts, and eels. The theory in applying this competition
fa.ctor is to decrease the numbers of trout or salmon to be stocked,
with increase in abundance of the warm-water species. The num-
!oers of trout, togue, or salmon recommended for stocking are for six-
inch fish; if fish of different sizes are to be planted, multiply the
numbers given in Table XX by the following:

For 8- to 10-inch fish, multiply by 0.6

For 6- to 8-inch fish, multiply by 0.8

For 4- to 6-inch fish, multiply by 1.1

For 2-to 4-inch fish, multiply by 2

For 1-inch fry, multiply by 20

These conversion figures are based approximately on the expected
rate of mortality.

Six of thq 25 lakes and ponds, for which stocking of trouts, togue,
or salmons is recommended, are “marginal trout waters” in that the
amount of suitable trout water is greatly reduced by late summer;
these are Lower Range, Pennesseewassee, Twitchell, Bryant, north
part of Long Pond of the Belgrades, and Sandy Pond. These lakes
are actua!ly better bass lakes than trout lakes; but stocking of trouts
in th(}m 18 possibly justifiable on the grounds that the entire area
contains more bass waters than trout waters, and it may be desirable
to promote trout fishing in all waters which offer the best possibilities.
Brown Trout or Rainbow Trout are recommended for Pennessee-
wassee, Twitchell, Bryant, and Sandy in view of the fact that these
species will tolerate warmer water than will Brook Trout. Brook
Trout are recommended for the north part of Long Pond because of
1ts connection with the south part of Long Pond which is good Brook
Trout water; and Brook Trout are recommended for Lower Range
Pond because of its connection with Middle and Upper Range which
are gon Togue and Brook Trout waters. Continued stocking of
trouts in these six marginal trout lakes will not be justifiable if these
lakes cannot be made to produce some trout fishing; for this reason,
alternative recommendations are given (Table XX) for, stocking
these six lakes with Small-mouthed Bass.

Stocking of the Small-mouthed Bass is recommended for the 28
lakes and ponds for which no type of trout or salmon is recommended,
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TABLE XX. Yearly stocking recommendations for the lakes and ponds, and a partial summary of the factors ;
upon which the recommendations are based
For explanation, see Text

Trout or salmon Area
Game fish spawning streams: supporting Yearly stocking recommendations:
Name and number Food competition (for lakes suitable trout or number of 6-inch trout or salmon;
of pond Township grade factor: CF for these fish) salmon; acres| or number of 3-inch Small-mouthed Bass
Sabattus Pond (P.389) Greene and jus 10 T . None 13,000 Small-mouthed Bass
Wales
Taylor Pond (P.392) Auburn I1I 10 e Small per cent| 2,400 Small-mouthed Bass
Lower Range Pond (P.398) Poland IIT 13 Fair 180 1,400 Brook Trout;
alternative 600 Small-mouthed Bass
Middle Range Pond (P.400) Poland II 14 Fair 300 2,400 Togue
Upper Range Pond (P.401) Poland and II 14 Fair 325 2,800 Brook Trout
New Gloucester
Hogan Pond (P. 403) Oxford IIL 1 7 None 500 Small-mouthed Bass
‘Whitney Pond (P.404) Oxford 111 12 [ e Small per cent | 500 Small-mouthed Bass
Tripp Pond (P.408) Poland II1 S None 2,800 Small-mouthed Bass
Thompson Lake (P.409) Oxford and II 11 Good 3,780 30,000 Togue and
Otisfield 25,000 Land-locked Salmon
Pennesseewassee Lake Norway II 14 Good 590 4,600 Brown Trout or Chinook Salmon;
(P.416) alternative 7,000 Small-mouthed Bass
Twitchell Pond (P.425) Greenwood II 11 Fair 90 1,200 Brown Trout or Rainbow Trout;
alternative 1,000 Small-mouthed Bass
Bryant Pond (P.427) ‘Woodstock I 9 Fair 150 4,200 Brown Trout or Rainbow Trout;
alternative 3,000 Small-mouthed Bass
Auburn Lake (P.428) Auburn IT 12 Fair 1,875 21,000 Land-locked Salmon
Allen Pond (P.437) Greene 11 10 Poor 115 2,200 Brook Trout
Pleasant Pound (P.443) Turner II 5 None 135 4,000 Brook Trout
Androscoggin Lake (P.464) }Yayne and II1 13 e None 15,000 Small-mouthed Bass
eeds
Pocasset Lake (P.466) Wayne III S None 2,300 Small-mouthed Bass

Lovejoy Pond (P.470) Fayette and II 15 ] e e None 1,400 Small-mouthed Bass
Readfield
Echo Lake (P.472) Fayette and I 13 Poor 840 13,000 Togue
Mount Vernon '
Parker Pond (P.474) Fayette II 8 e Small per cent | 13,000 Small-mouthed Bass
David Pond (P.476) Fayette I 8 None 1,600 Small-mouthed Bass
Tilton Pond (P.478) Fayette II < None 500 Small-mouthed Bass
Flying Pond (P.481) Vienna and II 8 Fair 280 4,500 Brook Trout
Mount Vernon
Worthley Pond (P.499) Peru i1 7 Good 240 3,400 Brook Trout
Egll_ake (P.503) Weld 11 12 e Small percent | 16,000 Small-mouthed Bass
Silver Lake (P.515) Roxbury I 4 | e Almost none | 1,700 Small-mouthed Bass
Garland Pond (P. 516) Byron I 0 Poor 190 8,000 Brook Trout
North Pond (P.521) Woodstock II 12 i e None 2,200 Small-mouthed Bass
South Pond (P.522) Greenwood 11 10 Poor 230 5,500 Togue
Purgatory Pond (P.659) Litchfield I 15 i None 3,000 Small-mouthed Bass
Sand Pond (P.660) Monmouth and jass 15 Poor 135 1,000 Brook Trout
Litehfield
Cobbosseecontee Lake Monmouth, II 4 ) e Small -
e Wontheae, I e mall per cent | 40,000 Small-mouthed Bass
ete.
Annabessacook Lake (P.671) l\Ipni:ﬁouth and I1 12 e Almost none { 11,000 Small-mouthed Bass
inthrop
Cochnewagan Pond (P.672) AMonmouth I 5 2 None 4,000 Small-mouthed Bass
‘Wilson Pond (P.673) Monmouth i1 12 e i, None 4,500 Small-mouthed Bass
and Wayne
Dexter Pond (P.674) Wayne IT 13 None 900 Small-mouthed Bass
Berry Pond (P.675) Wayne and 11 12 Small per cent| 1,200 Small-mouthed Bass
‘Winthrop
Maranacook Lake (P.676) Readfield and I 13 Good 1,060 15,000 Brook Trout o
Winthrop :
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TABLE XX. Yearly stocking recommendations for the lakes and ponds — Concluded

Trout or salmon Area
Game fish spawning streams: supporting Yearly stocking recommendations:
Name and number Food competition (for lakes suitable trout or number of 6-inch trout or salmon;
of pond Township grade factor: CF for these fish) salmon: acres | or number of 3-inch Small-mouthed Bass
Torsey Pond (P.678) Readfield and I D 5 J . None 9,000 Small-mouthed Bass
Mount Vernon
Narrows Pond
South Part (P.681) Winthrop - I 9 None 240 2,800 Togue and
2,000 Chinook Salmon
North Part (P.682) Winthrop II 10 Fair 180 2,500 Brook Trout
Snow Pond (P.698) Sidney and 18} L None 28,000 Small-mouthed Bass
Belgrade
Long of Belgrades
South Part (P.712) Mount Vernon I1I 14 Good 1,050 7,500 Brook Trout
and Belgrade
North Part (P.713) Rome and IIT 14 Good 820 5,800 Brook Trout;
Belgrade alternative 5,000 Small-mouthed Bass
Great of Belgrades (P.719) Rome and I 16 e None 50,000 Smali-mouthed Bass
Belgrade
North of Belgrades (P.720) Smithfield I 120 e None 16,000 Small-mouthed Bass
FEast of Belgrades (P.724) Smithfield I L S None 20,000 Small-mouthed Bass
Salmon Lake (P.725) Belgrade and IIL 120 | e Small per cent| 2,200 Small-mouthed Bass
Oakland
MeGrath Pond (P.726) Belgrade and III 12 e None 1,800 Small-mouthed Bass
Oakland
Clearwater Pond (P.815) Industry II 7 Poor 680 8,000 Togue and
7,000 Land-locked Salmon
Wilson Pond (P.833) Wilton 11 8 Good 360 2,700 Togue and
2,000 Land-locked Salmon
Sandy Pond (P.883) Embden II1 8 None 60 500 Brown Trout;
alternative 500 Small-mouthed Bass
Embden Pond (P.887) Embden IT 6 Good 1,390 10,000 Togue, and

11,000 Land-locked Salmon
or Chinook Salmon
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\pproximately one-fifth of the fish iisted above as 27 to 47 fish were listed in the stocking records hs 277 to 87 fish.



and alternative stocking of bass is recommended for six marginal
trout lakes. These lakes for which bass are recommended are either
the shallow lakes with warm water extending to their maximum
depth, or deep lakes with considerable oxygen depletion in the deep
water. The Small-mouthed Bass is recommended in preference to
the Large-mouthed Bass because, in the writer’s opinion, these lakes
of southern Maine, with their rock-bottomed shallows and scarcity
of vegetation, are much better adapted to the Smallmouth. The
recommended annual rate of stocking has been based on the “stock-
ing table for Small-mouthed Bass” given in Fish Survey Report No. 2
(Cooper, 1939b, Table XIII). This recommended rate of stocking
is in proportion to the total acrcage of each lake (from Table I), the
abundance of food, and fishing intensity. The numbers of Small-
mouthed Bass rccommended for annual stocking in the bass lakes
are given in Table XX.

The present stocking recommendations for the 53 lakes and ponds
call for an annual hatchery output of: 211,000 six-inch trouts or
salmons for 25 of the lakes with a total area of 19,793 acres, and
264,600 three-inch Small-mouthed Bass for 28 lakes with a total area
of 39,639 acres. The slightly greater number of bass over salmonids
is in proportion to the slightly greater number of bass lakes; the total
acreage of bass waters, however, is twice the acreage of the trout and
salmon lakes. The numbers for individual species (summarized from
Table XX) recommended for annual stocking are as follows:

58,100 six-inch Brook Trout for 12 lakes, area 6,875 acres.

74,400 ¢ ¢ Togue

60,500 “ “ TLand-locked Salmon 2

9,800 ¢ Chinook Salmon > for 13 lakes, area 12,918 acres.
5,500 ¢ Brown Trout

2,700 “  “ Rainbow Trout

264,600 three-inch Small-mouthed Bass for 28 lakes, area 39,639 acres.

The adoption of the stocking policy for these 53 lakes and ponds, as
here recommended, will require a considerable change in hatchery
output, from the present emphasis on trouts and salmons to an equal
balance between salmonids and the Small-mouthed Bass. During
the seven years from July 1, 1933 to June 30, 1940 the State Fish and
Game Department stocked these lakes and their tributaries with
5,333,000 trouts and salmons and 2,000 Small-mouthed Bass, accord-
ing to the department records (Table XXI). The salmonids were of
various sizes ranging from fry to ‘“mature” fish over six inches long.
Of the 5,333,000 salmonids, 4,497,000 fish can be attributed to stock-
ing of the lakes and ponds; while the remaining 820,000 Brook Trout
and 16,000 Brown Trout, which were planted in tributaries, may have
remained in those tributaries — presumably the survivors of togue
and salmons planted in tributaries would enter the lakes. If these
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4,407,000 (ish are evaluated in terms of their equivalents of six-inch
fish by applying the conversion factors given on page 219, they repre-
sented the equivalent of stocking 3,241,000 six-inch fish or an aver~
age of 463,000 per year for the seven-year period. The numbers (in
thousands) of fish planted in these 53 lakes and their tributaries dur-
ing the period from July 1, 1933 to June 30, 1940, the total stocking
represented for the lakes themselves, and the total and average equiv-
alents of these plantings in terms of six-inch fish, for the different
species, may be summarized from Table XXI as follows:

Total Iquivalent

In Total equiva- of 6" fish:

In tribu- for lent of  average

Species lakes taries lakes* 6 fish  per year
Brook Trout ... ... 1,165 820 1,165 1,200 171
Brown Trout. ... .. 267 16 267 208 30
Rainbow Trout. . . . 320 0 320 270 39
Togue ............ 766 4 770 197 28
Land-locked Salmon 456 63 519 207 42
Chinook Salmon . . . 1,052 238 1,290 986 141
Chum Salmon . . . .. 119 47 166 83 12
Totals. ....... 4,145 1,188 4,497 3,241 463

*Includes Togue and salmons planted in tributaries.

As compared to the average yearly stocking, in the past, of the equiv-
alent of 463,000 six-inch trout, togue, and salmon, recommendations
from the present survey are for about the same number of fish (475,
000), but for about half as many (211,000) trouts and salmons, and
for 264,000 Small-mouthed Bass.

The major change recommended for the stocking policy for these
lakes has been due to the climination of many lakes as unsuitable for
trouts and salmons; salmonids had been planted in 42 lakes, but are
here recommended for 25. The proposed reduction by 55 per cent in
stocking salmonids, and the substitution of 264,000 bass, are attri-
butable mostly to a few of the larger lakes which had been stocked
heavily with salmonids but which were found to be bass waters,
namely: Great Pond of the Belgrades, Cobbosseccontec Lake, Snow
Pond or Messalonskee Lake, Androscoggin Lake, Webb Lake, Anna-
bessacook Lake, North Pond of the Belgrades, and East Pond of the
Belgrades. The recommended annual stocking for these cight lakes,

which have a combined area of 28,504 acres, totals 196,000 three-
inch Small-mouthed Bass.

224

APPENDIX A
A Biological Survey of Anasagunticook Lake*
By Joel W. Marsh

Leader of Development Unit, Maine 1"z'tt’nLan—Robertis‘on Projects

Anagagunticook Lake, alsq callpd Canton .{Jakot, 15&:10(;&‘22?}1:;1 ;o}}ﬁ:
towns of Canton and Hartford in Oxford (/01:111‘ y‘ d within the
general area which includes the l'ak'es and por} s (J?I%S Riv/er n e
present Survey Report No. 4. It is in the A‘nd1osct(;lg)glrlre.%n‘0 v
age system, and is pond nllml)(\,1" 497 aeeoydmgf to t(il E nzoré_heavﬂy
of nﬁnﬂ)ering. The lake is easily accessible _rom‘u. et
populated sections of the state.. The S'horc};i) ZV(l . {_}1(,‘ el
resort area, and a great deal of mterc:,st is exhibitec he fis \
both local residents and summer tourists.

Measurements made on the outline of thg lake z_xsh‘giV(lr{iv(g:l Eﬁg
Uni“ned States Geological SurveyhTopographl(% ?élgc;tcw‘;v((z) §7 o e
oll i i N 'ea O es (0.87 s
following information: The lake has an arct of 568 act e
n(n)il(e) agshom line of approximately §.1 miles, a maxxr'n‘urflid]gl]g(,;ufho \
1.9 m,ilcs, a maximum width of 0.7 mile, _and an average w .
mile. The main axis has a north-south direction. .

The present field studies on Anasagunticook Lake v(\iere m;d;; tllllll;,
ing the period from June to October, 193}; Mﬁféloass tlllfee méthods

’ ise indi e sa ) ;
survey, unless otherwise indicated, were ) > ¢ ; methoc®
:10\\7 ifl’ general use in lake survey work in Maine (see previous pag
of Survey Report No. 4). . .

Depth soundings were taken between ﬂ:m‘gg statlops lqcat:(,drea::;} l;l(llll,rli_
irlt;(’,lgvzl,ls along the east and WCS{\I shog&s. . léle ﬂ(;mér, ts}tzt:g(r‘l:t\; hoi‘e -

v 3 J ) -] » st td Y 3 - alg 2% O g
bered in pairs, as for example, Number ‘ e 33)

s : the cast shore (see Fig

irectly opposite Number 1 flag on ’ 2
ggxi;dfngsl %vepe made approximately 109 feet apartf?}ll(')?gd'c;;}; Coef b:
i3 east-west lines between (:orregpondmg ﬂags.‘ ] 18 ¢ tl;lched et
tween soundings was measured with a 100—f90t stnntgha‘ souhdings
small float. Data on depth of water, as obtained by ese uncy 01;
;u"e given in Figure 52. A maximum dekpth o(i 54‘ ;ee; ;V]iitween o

ag line d of the lake and md-w.
flag line 11 near the south en e ake

3 : the southern hali o
wast and west shores. A large part of . ! ; 4
i;(:)g‘cioaxn is over 40 feet deep and is relatively flat; wh1le.th£urz(;lrtll;(;§2
half of the lake is much shallower and the bottom slope 1s >

gradual.

i i i s fo
* Ap abstract of a thesis submitted in partial fulfillment of the requirements for

i iversity of Maine
" the Degree of Master of Science in Wildlife Conservation at the University of )

1938.
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It was found from 43 bottom soil samples that, of the total bottom
area of 568 acres, about 67 per cent was mud, 18 per cent was sand-
mud, 10 per cent was sand, and & per cent was sand-gravel (Figure
53). The mud and mud-sand were confined mostly to the region
below the 18-foot contour, and sand was confined mostly to the re-
gion above the 18-foot contour. The areas in acres of different types
of bottom soil according to depth were as follows:

Depth Sand- Mud- Total
in feef gravel Sand sand Mud acreage
0-10 19 48 16 3 86
16-18 7 7 14 12 40
18-25 .. 3 35 51 89
25-30) .. .. 28 49 77
30-40 .. .. 12 98 110
40-50 .. . .. 150 150
50-54 .. . .. 16 16
0-54 26 58 1056 379 568

Some of the results of water analyses made during July and August
are given in Table XXII and Figure 54. The pH on August 7 was
found to be slightly acid at the surface and strongly acid (6.1 and 5.9)
at 45 feet. Vertical series of temperatures taken at seven different
stations on the lake during August revealed a thermal stratification
extending uniformly over the lake, with 70° F. water cxtending to a
depth of 15 feet in early August and to 18 feet by late August. The
dissolved oxygen content was above 6 p.p.m. at all depths on July 2,
but had been decreased somewhat in the deeper water by August 7.
From the August 7 analyses it was estimated that an oxygen defici-
ency (less than 5 p.p.m.) would extend up to a depth of 25 feet by the
end of August. These depths of 18 feet for temperature and 25 feet
for dissolved oxygen were used in caleulating the distribution of the
water in the lake with respect to its suitability for trout and salmon
during the most critical part of the summer, i.e., in late August. The
amounts of water volume and bottom area within the three zones, as
delimited by these two depths, were calculated to be as follows:

Upper warm water, surface to 18 feet, no-trout.or salmon: 8,939 acre feet (55%)
of water, 126 acres (22%) of bottom area.

Middle layer, 18 to 25 feet, suitable for trout and salmon: 2,777 acre feet (179,)
of water, 89 acres (16%,) of bottom area.

Lower layer, 25 to 54 feet, oxygen deficient, no troul or salmon: 4,555 acre feet
(289%,) of water, 353 acres (629) of bottom area.

The amount of water volume (179;) and bottom area (169) within
the trout and salmon zone indicates that, from the standpoint of
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temperature and oxygen, Anasagunticook Lake is at best a fair trout
and salmon lake. (For comparison with other lakes, see page 66.)

The organisms collected in 62 bottom samples 9" x 9” Ekma.n
Dredge) were used as a basis for computing the number of organisms
per square foot of lake bottom, according to the depth of water and
type of bottom (Table XXIIT and Iigure 55). The types of boﬁtom
organisms encountered in these samples, in the approximate ord(-::r of
their numerical abundance, were: Diptera larvae, fresh-water shrimp,

TABLE XXII. Vertical distribution of temperature, dissolved oxygen,
and pH in Anasagunticook Lake during the summer of 1937 .

Depth Temperatures® (°1.) Oxygen (p.p.m.) pH
fg(:t August 7 | August 27 | July 2 | August 7 July 2 | August 7
Surface 79 76 9.3 8.7 6.8 7.1
s 75 74 7.0
T 73 73 6.9
15 71 72 7.6 6.6
T B N 8.4 6.5
>>>>> 17 67 B B 6.4
19 g 64
20 58 | 62 6.0 6.1
T B 8.2 6.3
2 55 55 6.0
25 52 | 53 6.0
w7 7.8 6.2 6.0
30 50 53
T35 49 50 . 5.0 6.0
40 49 49 5.9
T 48 .. 6.4 3.0 6.1 5.9
T g N 6.0
47 48
50 . 48

*Temperatures taken with a Taylor Maximum and Minimum registering thermometer.
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Mayfly nymphs, caddisfly larvae, molluses, alderfly larvae, dragon-
fly nymphs, aquatic earthworms, and beetle larvae. The Diptera
larvae were mostly midges, and a few Corethra. The relative numeri-
cal abundance of these organisms, as given in Table XXIII, does not
give an accurate picture as to the volumes of different types of avail-
able fish food, because of differences in size of the various organisms.
Such large organisms as the Mayflies, dragonflies, and ecaddisflics
made up as large a volume as did the midges and fresh-water shrimp,
even though the latter were much more abundant. Bottom organ-
isms were much more abundant between depths of 0 to 20 feet than
between depths of 20 to 30 feet, and very few were found below a
depth of 30 feet. Mud-sand was the most productive type of bottom
soil at all depths.

Plankton samples were colleeted with a Birge closing net at six

stations on the lake and at three dates, i.c., in June, July, and August.
Diatoms were found to be the most abundant plankters within all

PHE P 4 L € ) 7 1 g 1 3
e { 2 9 £ & & 7 4 9 ° 4R F KL
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) N I
/t
.l. ‘
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Figure 54. Vertical distribution of temperature, dissolved oxygen, and pH
in Anasagunticook Lake on August 7, 1937." Data are from Table X XII.
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TABLE XXIII. Average number of bottom organisms per square foot
according to depth of water and type of bottom, and the distribu-
tion by acres of different types of bottom soil, in
Anasagunticook Lake during the summer of 1937

g g ,
£ IE 2
|5 © % & 5]
RN B | Em o | BT
Bottom Depth Aren No. E ® =2 g EE = g d E E =
soil range in of i R 28 | 2 ;S s2] 8% w s
type in acres sam- o8 gt wm |, g = 2152 =2 | ry| €2
feot, ples 'ﬁ,gﬂ & E ‘Eig ‘Eﬁ zb::o.'g _ug_ﬂ_oi }-ég AR
B -3 12 b + O = Lm ==
Qg | En | 88 R RIS S S BT
3v il e Al B 5v cgv 6\4 ezt
Mud 20 14 0.5]6.0[0.5|24109108}23]5 3.0
Mud-sand | 34 | 22 | 0.506.1|1.5]89]0.6 L3 3.6 | L2
Sand 58 7 | 0353 46|51 1.5
Sand-gravel 2% 5 07|43 0.4 3.9 |21
Mud 193 10 2.7 2.7].
Mud-sand | 20 40 71 4 | ]84 3.6 | 5.3 | 2.7
Type of Mud O-20/ | Mod-Jand O-20+# Sand O-2ar#
organism 25 50 75 25 g0 o 25 s 25
I
Alcer Fiy tarvae B f
Maylly nymphs }r }_* _
gm!?ﬁﬁ/i:z“ﬂ!h paesre ey seseeseras |
——20acres: iFFacres! ‘—F— SPacresi—]
Deerte rarvae I- woacas; ﬂ e T TR AT
Cuobirs Ly larvae [mummmm — ——
Dyplera larrae | —— [ ————— 25 1+ ——
Nottvsca L]
F3esh wokr Shrim I—————
Chegochacra |
Mod 20-40rF | STodJond 2o-#0 /% |Sand Garel  O-Lork
Alder fly larrael
Hagllu 2y = - S
M——m /97 acres —«'———— 7/ qeresi— 126 qeres |
Beelle Jarvae | o
Cacbls My larva ¢ | m—— 1
Dppfera farvae |- [ —
olfesca — —
Peshmaiershrimo [!* ‘_
O/egochaera ! | — T
9 T™—rT 'ﬂlo—1 T™T lJ’p T 7!4_ b if J!ﬂ '7:,_' T b Y f:}l T J!a Yo7y ,}'

Figure 55. Average numbers of different types of bottom organisms per
square yard according to depth and type of bottom soil, and the total acreage of
each type of bottom soil, in Anasagunticook Lake. Data are modified from

Table XXIII.
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_depth ranges; they varied in abundance from about 5,000 to 40,000
individuals per cubic foot. Next in order of abundance were the
blue-green algae, flagellate protozoans, and rotifers. The cladocerans
and copepods together averaged about 200 to 500 per cubic foot.
The vertical distribution of different types of plankters, encountered
n samples taken on July 2, is given in Figure 56. As compared to
these July 2 samples, collections made on August 8 showed a marked
decrease at all depths, and a complete disappearance below a depth
of 30 feet, of all plankters except the diatoms.

Samples of fish were collected by gill nets, seines, and hook and line.
Two gill nets, with six different sizes of mesh ranging from 2 3/8
inches to 334 inches stretched measure, were fished for a total of
424% hours at nine separate stations. They collected 314 fish which
were practically all adults: 160 Common Suckers, 136 White Perch,
11 Small-mouthed Black Bass, 6 Yellow Perch, and 1 Tallfish. Iour
seine collections from the lake shoals included mostly young White
Perch, Yellow Perch, and Common Suckers, some young Small-
mouthed Black Bass and Fallfish, and a few young Common Pickcrel,
Red-bellied Sunfish, and Horned Pout. TFish collected by hook and
line included 18 Small-mouthed Bass, 3 juvenile Fallfish, 1 Common
Pickerel, 1 Red-bellied Sunfish, 1 Common Bullhead, and 3 Tand-
locked Salmon. There were no trout or smelt collected from the lake,
although these fish had been reported by local residents to be present
in small numbers; and no smelt were identified from the stomach
contents of any fish collected.

o

BlveGreen GreenAfpoe  Diafoms Flagellates Aolifers Crvslaceans
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+

Figurl%_ ?6.t é&vetxﬁget mtlmberg of plankters 1z)er liter of lake water within suc-
cessive oot depth strata in Anasagunticook Lake on Jul 2, 19
taken from 3:30 to 5:30 P.M.). 8 e 87 (Samples
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A study of food habits was made on the stomach contents of 25
Small-mouthed Black Basgs, 125 White Perch, 75 Common Suckers
(see Table XXIV), and one Land-locked Salmon. The single salmon
contained mostly fish and some worms (bait). The bass contained
mostly surface insects, fish and crayfish. The White Perch had fed
mostly on bottom organisms and water fleas, and to some extent on
fish and surface insects. The suckers had fed almost entirely on bot-
tom organisms. The strongest competition for food, as indicated by
these data, occurred between the perch and suckers, both having fed
to a large extent on bottom organisms.

The ages of 27 Small-mouthed Bass, 136 White Perch, 31 Common
Suckers, and one Land-locked Salmon, were determined by the scale
method.  The salmon was a male, 14.2 inches long, with a weight of
13.2 ounces, and was in its 4th summer of life. The 31 Common
Suckers were from 13.0 to 21.6 inches long and were from 4 to 8 years
old. The 27 bass ranged in length from 7.3 to 18.9 inches; and in
age, from three to eleven years (Table XXV). Without adequate

TABLE XXIV. The total and average volume in cubic centimeters of dif-
ferent types of food organisms from stomachs of Small-mouthed
Bass, White Perch, and Common Suckers from Anasagunticook
Lake during the summer of 1937

25 Small-mouthed
Bass 126 White Perch 75 Common Suckers
Food organisims — -
Total Av. vol. Total Av. vol. Total Av. vol,
vol. per fish vol. per fish vol. per fish
Surfaee food
Grasshoppers (Orthoptoera) 4.5 0.18 0.6 0.005 § .....
Beetles (Coleoptera) 6.1 0. 24 0.2 0.002 0.21
Adult flies (Diptera) 1.2 0.0 | ..o | ol Ll
Ants and bees (Hymenoptera) 9.1 0. 36 1455 0.6 ...,
I'vee swimming
Water fleas (Crustaces) e e 21.73 0.173 | ..o ...
Fish remains 6.9 0.27 12.7 0.0 oo el
Bottom food
Alderfly larvac (Neuroptera) e e 3. 24 0. 026 5.32 0.071
Mayfly nymphs (Ephemeridae) - Cee 18. 57 0. 148 12.33 0. 164
Dragonfly nymphs (Odonata) 1.3 0. 058 17. 02 0.136  f§ ..... 1 ...,
Fly larvae and pupae (Diptera) RN e 13.82 0.11 40.7 0. 539
Caddisfly larvae (Trichoptera) ce PP P 12, 64 0. 168
Crustacea
Shrimps ( Hyallela) e e 10. 19 0.081 15.95 0.212
Crayfish (Cambarus) 27.7 L U L R | O I (NPT
Clams, snails (Mollusca) e PP R T 5.49 0.07
Plant material (Juncaceae) 3.0 0.12 ) ..o ) L. T
Miscellaneous 2.4 0. 09 9. 40 0.075 32,81 0.437
Total 62.2 2.53 122. 02 0.973 125. 45 1.664
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TABLE XXV. Average and range of len i
gths and weight of e: E
of Small-mouth?d Bass from Anasaguntgicoo(l)( iaaclgage group
during the summer of 1937

. Standard length Tot

ldal net all g \i
Age n Number in inches in im[jﬂf:h i Woight
growing of S . I in ounces
seasons™ fish __ Range Average Rang Avemg,e, T

(1

Range Average

12.0-12.8 )

12.0-34.7

11,
16.7 —18.‘;7

*Ineludes the 1937 growing season.

TABLE XXVI. Average and range of len i
1 gths and weight f ach s
each age group of White Perch from Anasagunticogk La(i(ree;;?irrgx of
the summer of 1937

. Standard length Total & i a
Ago in Number ndard otal length Weight
eI ox u:)l; er || ) mlnclfes o ”111ngh in ounces
:-sc . fish i R-;mge’ i Average Range [{:(;l\L;(; o 7.’\ ;/m-’-u:;f
_M\" o ,_ilj‘,le 1 5.8 5.8 7.2 7.2 2.8 2.8
VI Female 7 IV‘) 7"') 58 0 7 % 0100 N e
/ 12 5. H8. i 6.9-10.0 9. 5
VL I Make | 7.1-8.7 7.7 | 8 1-10.2 o 61
VII Female| 20 [ 6.989 | 7 ~ o6 e
v Male 11 7.1-8.9 7.¢ §710.9 R i
\’II] F‘(‘,ma](' ) 77;’;’" 8.7 | 8 B ‘-‘_“-h‘ B o . .
VITE | Male 75T : oy 78
IX | Fomalo| 7,99 ¥ ar T
X Male 7808 $4 7
e S — . S— _— . o ) )
X Fenale 8. 3-10.2 3 o,
X Male 8.0-8.7
X1 Male | 9.6-10.2
XU [ Male | 1 | 0.0 | 1
] X111 Female 1 o 9. 7” I
Al Female 61 T -10. 2 T
fish | Male 72 5.8-10. 3

*Includes the 1937 growing season
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data for comparison with other Maine lakes, it is believed that thesc
bass from Anasagunticook Lakc had a fairly rapid rate of growth.
The 136 White Perch ranged from 6.9 inches to 12.5 inches in total
length, and were in their 5th to 13th summer of life. Their average
lengths indicated no marked sex differences in rate of growth (see
Table XXVI). The average body lengths in inches by age group of
these White Perch from Anasagunticook Lake, as compared to the
average growth of perch from 43 other Maine lakes (sec page 136 of
the present Survey Report No. 4), were as follows:

Age group: \% VI VI VIIT X X X1 XTI XIIX
Anasagunticook

Lake: 5.8 7.6 7.8 8.0 8.1 8.9 9.8 10.0 9.7
43 other Maine

Inkes: 6.5 6.7 7.1 7.6 8.0 8.3 8.7 9.5 9.8

It was computed from these figures that the lengths of perch from
Anasagunticook Lake by age group averaged 0.4 inch longer than
perch from these other lakes in Maine. This growth index of +0.4
represents a rate of growth only slightly above the average, for gro wth
indices of from +1.5 to +2.6 have been found for perch from several
other Maine lakes (page 151).

Conclusions. 'The present study has revealed that Anasagunticook
Lake is, at best, a fair trout and salmon lake from the standpoint of
depth, temperature, and dissolved oxygen, with 17 per cent of its
water volume and 16 per cent of its bottom area available to trout
and salmon during late summer. The records of fish taken by gill
nets indicated, furthermore, that there had been relatively poor sur-
vival of salmonids from the extensive plantings made during the 10
years previous to 1937.  During this 10-year period the State Fish
and Game Department, planted the following: 31,800 Land-locked
Salmon, 33,000 Chinook Salmon, and 275 mature Brook Trout. The
Chinook Salmon and a large proportion of the Land-locked Salmon
were planted from 1933 to 1935; and by 1937 these fish should have
been of a size readily eaptured by the gill nets; yet no salmon or trout
were taken by the 42414 hours of fishing with the gill nets. This ap-
parent scarcity of salmon in the lake was verified by reports from local
residents, and by a report from the Warden Supervisor of the district,
to the effect that very few Land-locked Salmon and no Chinook
Salmon were caught during the period from 1933 to 1937. In the
writer’s opinion, this poor survival of stocked salmon can be partly
attributed to the fact that the lake is not first-class trout and salmon
water.  Other factors also must have been of considerable importance
in the poor showing of these salmon, judging from reports of better
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salmon fishing previous to 1933. lividence from the 1937 study indi-
cated that the scarcity or absence of smelt was undoubtedly an im-
portant factor. No smelts were found in the stomachs of any of the
136 White Perch, nor in any of the other fish from this lake; yet it is
known that, in Maine lakes in general, perch feed extensively on
smelt where they are available. Also no smelts were taken by sein-
ing. Tt is a well known fact that smelts are necessary in most lakes
to maintain a population of Land-locked Salmon, and the same state-
ment might be made for Chinooks in most Maine lakes. An addi-
tional factor which may have affected, adversely, the salmon in this
lake was the abundance of White Perch, Small-mouthed Bass, and
Common Suckers, together with some Yellow Perch and Pickerel, all
of which are food competitors with salmon to some extent. It is, in
fact, surprising that even a few salmon survived from the plantings
in the lake, since the lake is only fair salmon water, its principal food
(the Smelt) was apparcntly rare or absent, and there was an abun-
dant population of at least five competing species of fishes. It is im-
probable that much better survival will result from future plantings
of salmon or trout unless these adverse conditions are corrected to
some extent. - The planting and protection of smelts together with a
reduction in the population of warm-water game species and suckers
are, in the writer’s opinion, the most promising methods of improving
conditions for salmon or trout.

The fish population of the lake consisted mostly of the four species
of warm-water game fishes which are common to southern Maine,
namely: the White Perch, bass, pickerel, and Yellow Perch; and the
sucker. The growth of the White Perch, and presumably also of the
bass, was somewhat better than average. The basic fertility of the
lake in production of plankton and bottom organisms was found to be
about average for the 53 lakes and ponds considered in the present
Survey Report No. 4. The suckers were competing to a congsiderable
extent with the White Perch for bottom food. The suckers, further-
more, were more abundant than the perch and were growing much
more rapidly. The suckers obviously were making better use of the
bottom organisms than were the White Perch, and the inference is
that they were feeding at the expense of the White Perch, at least to
some extent.

Recommendations. It is assumed that the sportsmen and local
residents are in favor of maintaining trout or salmon fishing in Anasa-
gunticook Lake. From data obtained by the present survey, recom-
mendations are made to continue the stocking of Brook Trout. Trout
are favored over salmon because, as previously shown, the lake ap-
proaches marginal conditions (for cold-water fishes) to which the
trout is presumably more tolerant than is the salmon. The number
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of Brook Trout recommended for stocking is based on the st,ockn!g
table which is being used for Mainc lakes in general: Table Xl]m
Fish Survey Report No. 2 (Cooper, 1939b).  On the basis offt u;
present study, Anasagunticook Lake was accredltqd with ad 015)(.
grade of 1I, medium fishing intensity, good spawning g}foun S on)
trout, and a competition factor of 9 for competing Warm—watejr game
fishes, Applying these cvaluations to the stocking table gives an‘
annual rate of stocking of twelve 6-inch fish per acre, for 328 acres
which is the average between the total arca of the lak(a .{md the b‘ot—
tom area within the trout zone during late summer. This e'alcu'lat‘lon
gives an annual stocking of 3,900 six-inch Brookl Trout, which is 105—
ommended. Along with this stocking of trout, cfforts sl30uld be éna ke
to greatly reduce the population of White Perch ar.ld Common Suck-
ers, and to proteet and maintain the smelt population.

i f 3 icook Lake was made, consider-
"E. Since 1037, when this survey of ;\nu.suguntu‘,m)l\ Lake was made,

3:{)(1)(;1 stocking of £sh has been done by the Fish and Game I)(?I)fylltlrnfflt.f ér-antl(l)Illlerzf
1938, 5,000 mature Rainbow Trout were planted, and local resic (,1(1 4::] o Darin b
portéd that none of these fish were caught up to the summer ..()f 1 Ii/l 1. .1.9110 § e
fall of 1939, 10,000 Brook Trout (4 to 6 ipches: long), ZL}l‘d during 't d&)% the r,nai;ure
Brook Trout (mature fish), were stocked m»th.ls lake. The rr}am:]?rl y b( ] e
fish were reported to have been caught within a few \\:ee}(h <Lft0r Zugg : leased.
Through the efforts of the Canton Fish and Game Association, rt()),‘?é ((1) 5 illion
smelt eges were placed in Sparrow Brook during the springs of 1¢ : a?:rcenfa o o
was reported by members1 ()}f the asgw;}ntmn} that t;l)af: X:L:e:s‘ ({;(i)r?(t]'g reen dﬁring

ch f these eggs, and that smelts have been or > jnerease in the fak i
I]]?‘)ti(‘)},] {{)(Z(I)], and 1951%.’ This program of trout stocking, and plal]t{r}};;z :I-H(% o (g{;(eei?on

of the Smelt should be supplemented by drastie reduction of perch and suckers.
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PLATE 1

IFish taken by gill nets:

A — I'rom Pleasant Pond in Turner on June 22, 1940. Brook Trout (9) and
Small-mouthed Bass (1). The bass weighed 4 Ibs. 1 0z.; the largest trout weighed
13.3 ounces.

B — Trom South Pond in Greenwood on September 5, 1940. Togue or Lake
Trout (2) and Common Whitefish (1). 'The largest Togue weighed 4 1bs. 1 oz.

C — A 24-pound Small-mouthed Bass in the net in Tripp Pond in Poland
on August 10, 1940.

D — Two Pickerel and one White Pereh in the net in Androscoggin Lake on
June 26, 1940. The largest Pickerel (in the foreground) weighed 40.5 ounces.



PLATE 1I

Two gill net collections from Webb Lake in Weld.
A — September 10, 1940. Small-mouthed Bass (3), White Perch (98), and
Common Suckers (8). The largest bass weighed 2 lbs. 13 ozs.
B — September 11, 1940. Pickerel (1), Common Suckers (25), White Perch
(13), Land-locked Salmon (1), and Small-mouthed Bass (1).  The pickerel
weighed 2 Ibs. 13 ozs.

PLATE 111 (
] T i g August 14, 1940, Common
i W enteh from Taylor Pond in Auburn on A\u;ﬁu;\t‘ , _ Comuo
Sllffxllz!r.ll((1l(;)b (Wllit(s Perch (4), Golden Shiners (2), and Common Pickerel (7).
The largest pickerel weighed 1 Ih. 10 ozs.
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PLATIS TV

. . . . .

Seale of White Perch (Morone americana); female; standard or body length,
7.)1!_‘m(:hcs‘; total length, 8.7 113_(-,}105; weight, 5.9 ounces.  I'rom South Pond
‘(} .922), 5(5})&‘,!}1})01‘ 5, 1940.  Fish at the end of its 3rd summer.  Annuli or

winter marks’ are numbered 1 to 2.

PLATE V
Seale of White Perch (Morone americana); immature female; standard length,
5.0 inches; total length, 6.1 inches; weight, 1.6 ounces.  From Maranacook
Lake, August 3, 1940. Iish in 3rd summer of life, and apparently has nearly
completed an average 3rd-summer scale growth.  Annuli numbered 1 to 2.



PLATE VI

Part of seale of White Perch (Morone americana); female; standard length,
5.7 inches; total length, 7.0 inches; weight, 2.5 ounces. From Maranacook Lake,
August 3, 1940, Fish in 4th summer of life, and apparently has nearly com-
pleted an average 4th-summer seale growth.  Annubi numbered 1 to 3.

PLATIE VII

Part of scale of White Pereh (Morone americana); female; standard length,
5.9 inches; total length, 7.1 inches; weight, 2.8 ounces. IFrom Maranacook

Lake, August 3, 1940.

Fish in 4th summer of life.

Annuli numbered 1 to 3.



PLATIS VIIT
) Scalf% of White I’er(:]} (Morone americana); female;  standard length, £.3
inches; ‘t()tnl lcngth‘,' 10.2 inches; weight, 8.5 ounces. Ifrom Maranacook Lake,
August 3, 1940.  Fish in 6th (possibly the 5th) summer of life; 5th annulus
apparently forming along anterior margin of scale. Annuli numbered 1 to 5.

PLATE IX

Part of scale of White Perch (Morone americana) from Maranacook Lake,
August 3, 1940, This seale and the scate on Plate VITT are different seales from
the same fish.  Enlargement of lateral field with 4 annuli (numbered 1 to 4);
to show “cutting over™ of the circuli by the annulus (at (), and the increase in
degree of flaring of cireuli between two annuli along the posterior-lateral field of
the seale (at 1.



PLATE X
Seale of White Perch (Morone americana); female; standard length. 5.2
inches; total length, 6.3 inches; weight, 1.7 ounces. From North Pon(iz of Bel-
grades, July 11, 1940. Fish in 4th summer of life; the 3rd annulus has just re-
ie?tly‘3 been formed along the anterior margin of the scale. Annuli numbered
0 3.
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PLATIS XTI
Part of weale of White Perch (Morone americana); male; standard length,
6.6 inches; total length, 7.9 MTches; weight, 3.7 ounces.  Irom Last Pond of
Belgrades, July 13, 1940. Fish in 7th sumumer of life; the 6th annulus is just
forming along the anterior margin of the scale. Annuli numbered 1 to 6.




total length, 6.9 inches; weight, 2.2 ounces.

- n Wb ~

PLATIE X1I
Seale of White Perch (Morone @nericana); male; standard length, 5.8 inches;

FFrom CGreat Pond of Belgrades,

June 21, 1940, Fish in 8th summer of life; but seale shows no growth as yet

for the 8th summer (1940).

Annuli humbered 1 to 7.
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PLATE XIII
Part of scale of White Perch (Morone mmericana); male; standard length,
8.7 inches; total length, 10.6 inches; weight, 9.5 ounces. Iish in 8th summer
of life.  Irom Long Pond of Belgrades (South Part), June 27, 1940. Inlarged
portion of anterior and lateral fields showing the first 5 annuli, and showing
details of the arrangement of the cireuli and characteristies of the annuli.  An-
nuli numbered 1 to 5.




PLATE X1V
Part of scale of White Perch (Morone americana); female; standard length,

3.7 1 35 i y ces. I Webb Lake jn

inches; total length, 6.7 inches; weight, 2.1 ounces. Irom ¢ L I
E\)’if()elglcélggi’:ergl({')gr 1?), %94’0. Tish at énd of its 4th summer. An ageessory gheck ’
may be seen in the anterior field between the 2nd and 3rd annuli. Annuli num-

bered 1 to 3.

PLATE XV
Seale of White Pereh (Morone americana);  female;  standard length, 5.5
inches; total length, 6.5 inches; weight, 1.7 ounces.  From Auburmn Lake, June
28, 1940.  Fish in 5th suter of life; the 4th annulus apparently is just form-
ing along the anterior margin of the sealo, Annuli numbered 1 to 4.



PLATE XVI
Seale of White Perch (Morone americana); female; standard length, 5.4
inches; total length, 6.7 inches; weight, 1.8 ounces. TFrom Auburn Lake, June
28, 1940. Fish in 7th summer of life; the 6th annulus is just forming along the
- anterior margin of the scale. Annuli numbered 1 to 6.

L

PLATE XVII
’ Seale of White Perch (Morone americana); female; standard length, 7.6 inches;

total length, 9.3 inches; weight, 6.3 ounces. From Great Pond of Belgrades,
September 7, 1940. Fish at end of its 10th summer. Annuli numbered 1 to 9.
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PLATE XVIII
Seale of White Perch (Morone americana); male; standard length, 8.1 inches;
total length, 9.7 inches; weight, 6.3 ounces.  lrom Cochnewagan Pond, June
18, 1940. Yish in 11th summer (possibly the 10th, for the 3rd annulus indicated
above is doubtful); the last annulus is just forming at the margin,  Annuli num-
bered 1 to 10.

“
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‘ . PLATE XIX
4 Part of scale of White Perch (Morone americana).

Same scale as show
< Plate XVIII. Annuli numbered 1 to 10. ame scale ax shown on

M __




PLATE XX
Scale of Whito: _l’cr(:ln (Morone americana); male; standard length, 9.8 inches;
total l(mgth, 11.6 ll'l("l‘l(‘,S; .w(‘,ight, 14.0 ounces. ¥rom Graham Lake in Wzmlthzun:
.tl)anuimr%l }3(),(}94]. I'he fish has completed its 7th summer of life.  Annuli num-
ered 1 to 6.

Seale of White
total length, 13.9
January 30, 1941.
bered 1 to 7

PLATE XXI

Perch (Morone ainericana);
inches; weight, 23.5 ounces

The fish has

completed it

male; standard length, 11.4 inches;

s 8th summer o

{ life.

From Graham Lake in Waltham,

Amnuli num-
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PLATE XXII
Seale of White Pereh (Morone americana); male; standard length, 10.0 inches;
total length, 12.3 inches; weight, 14.6 ounces.  From Webb Lake in Weld, Sep-
tember 11, 1940. The writer interprets this scale as indicating that this fish
was completing its 17th summer of life. Annuli numbered 1 to 16.  For details
of a portion of this scale, see Plate XXIII.
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. t PLATE XXIIT

art of scale of White Perch (Morone americana), fr i

g Dart of sl Ay Lorone ame icana), from Webb Lake in Weld.
cluding( ;nn 1:1: (:;nt(g l(lm(ti)e XXII.  Enlargement of anterior and lateral fields, in-
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COURTESY OF GENE LETOURNEAU OF THE WATERVILLE SENTINEL

PLATE XXIV

Upper: Two Brook Trout caught from Snow Pond or Messalonskee Lake
during the spring of 1941. One was a male, the other a female. Fach fish, 23
inches long, weighed 5 Ihs. 14 ozs.

Lower: Walleyed Pike speared from Great Pond of the Belgrndes, Spring of

COURTESY OF GENE LETQURNEAU OF THE WATERVILLE SENTINTCL

PLATE XXV
Spearing Walleyed Pike at night on their spawning g_rour}ds in Grent l’n!ul Ql'
the Belgrades during the Spring of 1941. This spearing is most suceessful in
shidlow water and when the water surface is quiet.
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