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ANNOUNCEMENT

This i3 the jourth of a sevies of reports on biological surveys of
fresh waters of Maine, These surveys are being conducted by i
Maine Depurtient of Inland Fisheties and Game working in coop-
vration with the Zoology Department of the Upiversity of Maine,
The three provious surveys, and the resaltant reports pubbished in
19390 and 1040, dealt with pondz, Inkes, and streams in the south-
westorn part of the stato, in York sod Cumbersnd eounties and the
sotithern part of Oxford County, and with the Rangeley chain of
Inkes nt the headwaters of the Andrescogin River in wostern Mame,

The present survey and report deals with 53 lakea and ponds, part
of which empty into the lower part of the Androscoggin River, and
purt of which denin feotn the west into the lower half of the Kensnebeo
River draingge.  With the completion of this 1940 progeam the sur-
vev hps studied the majonty of the lakes and ponds west of the Ken-
nebee River and south of a line running approximately from Madizon
westward to and including the Rangelev lake chain.

Emphases of tho first survey (summor of 1947) were on streame of
York and the southern part of Cumberland counties  Subsequent
surveys, however, have dealt almest entirely with likes or to a small
extent with the more important tributaries of Iakes, This chaoge in
the emphasis of the survey has boen the result of the fact that in the
latter aress the importance of Inke fishing far overshadows that of
stream fishing,

FPutare plany for the survey are (o follow the goal towards which
the entive survey program iz working, that is to eveatually study all
of the fresh waters of the state which nre especially important for
fishing, and also to vover the state in un ordeely fashion.  The survey
s progressing northwand and eastward along the voast, aad the next
region in this order is the eastern half of the Kennebee River drainage
and the druinage systems of the smaller #treams between the Kenne-
bee and Penobseot rivers. It & anticipated that the survey in this
arei will be concerned with the Inkes aml ponds, inee these nee of
especial Importanee 1o fishing.

The three previous reports of this biclogiesl survey series (the first
two of which are now out of print} are a2 follows: Fish Survey Report
No. 1, “A Biological Survey of the Waters of York County and the
Southern Part of Cumberdand County, Maine,” 1939 Fish Survey
Repart No, 2, A Biological Survey of Thirty-one Lekes and Ponds
of the Upper 8aco Riverand Sebago Lake Drainage Systems in Maine, "
August, 1930; and Fish Survey Ropert No.o 8, YA Biologieal Survey
of the Rangeley Lakes, with Special Refereniee to the Trout and
Salmon,'* November 7, 1040,
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A BIOLOGICAL SURVEY OF LAKES AND PONDS
OF THE ANDROSCOGGIN AND KENNEBEC
RIVER DRAINAGE SYSTEMS IN MAINE

Fizh 8urvey Report No. 4
By Gerald P. Cooper
Aswistant Professor of Zoology, Urniversity of Maine

INTRODUCTION

The 53 lakes and ponds which were studied by the 1940 biologieal
survey are distributed over most of Androseoggin sand Kennebec
counties and over small parts of Oxford, Franklin, and Somerset
counties. They include most of thy larger mwd more important fish-
ng lakes and ponda of the Little Androsvoggin River and Androscog-
gin River drainages up to the Maine-New Humpehire boundsry, and
most of the larger lakes and ponds on the east side of the Kennchee
River north to the vicinity of Madison and Embden Pond. Most
of these 53 lnkest make up o part of the great concentration of lakes
which extendsz from the Belgrade region southwest to the Sebago and
Kerar Lake arcas,

These 53 lukes have o fotul area of appreximately 39,000 acres.
This total aren includes most of the luke ares of the entire region,
sinee the survey stidied all of the lurger bodies of water and was un-
able to include only some of the smuller ponds.  This group of lakes
is highly developed as a resort and fishing ares. The importance of
fishing may be judged from the Fish and Game Department’s records
of the sale of fishing licenses, During the ealendar vear of 1940,
there were 124,950 fishing licenses sold by the State of Magine, of
which 20,051 (or 259 )were =sold by sgents within the srea including
the present group of lakes, These 29,031 fighermen included 20,526
{or 2597) of the 80,630 Maine resident fisheomen, and 8,505 (or 199%)
of the 44,320 all non-resident fishermen.  To mect the demand of
these fishermen, the lakes have boen stocked heavily by the State
Fish and Game Department. The fish populations of the Iskes are
in u rather unstable condition, partly bocause the area is heavily fished

L \ this report the term "lake™ & often used to spply to both lakes and
ponds. The names bers wsed for individunl lnkes nre the numes most commonly
weeed by loesd resideats’ The foed that one like may be referred to ns s Vlake," ol
t(nu!lher ,?s s “pond,” has little significance with respect to difforeaces in siay of the

xlws of water.



undd partly beeause sveral foreign spectes of grme fishes have been
introduced into the ares quite recently, The concentrated fishing,
the heavy stocking, the considerable number of game speeies, and
the diversity of the lnkes and ponds themselves, are all factors which
have afforded an excollont opportunity for the present biological sur-
vey to muke o worth while contribution to the fshing in this region,
The genernl aims of the present survey mny be summprized ns ol
lows: to obtein information on the physical chameterstios of the
lakew, the chusrnctor of the water, the kinds and abundwanee of differ-
ent species of sk, and the present status of each of the gune species;
1o determine, from sneh stodies, the types of fishes which arve best
suited for stocking i esch body of water; and to make recommends-
tions which would tend to improve the statius of the game fish popu-
lation= and therefore to improve the fishing

The field investigntions of the 1940 survey were made by Messes,
Harry A Goodwin, Geeald K. Spofford, Stanley P. Linscott, wnd Walter
1 Strung (all stadents in Wilddile Conservation at the Undversity
of Maine), aod the writer,  This suryey was s conlinustion of the gen-
vral survey progrosm started o the summer of 1937 by the Maioe
Department of Inland Fisheries and Game coopemting with the Zool-
ogy Popartment of the University of Maino, Fxpenses of the Geld
survey were borne by the State Fish and Game Department; Inbors-
tory facilitics were made availablo by the University. In the lahora-
tory analvses of the extensive amount of daty and sasmple matorial
obtuined during the field survey, the writer has had moch valushle
assistanee from the following: Mr, Goodwin on qualitative and quan-
titative snulyses of the plankton samples; Mr. Linzeott on anslyses
of bottom samples and contents of fish stomnchs, wnd on the tabuly-
tion of vavious dats; and Mr. Steang on prepaeation of the maps
presented in thix report,  Mueh viluable assistanee and information
were obtained in the field from several of the State Fish and Game
Wardens in their respective nreds,

The fidd survey was conducted from June 15 to Soptomber L5,
1040, The procedure of this fiold survey wis mostly the zame o
used during the summers of 1968 and 1939, wid deseribod in the re-
spective reports,  This procedure & outlined very bricfly at this timo,
and ig deseribed more fully along with the results of ench phase of the
survey which nre given in the following sections of this report.  Sound-
ings of water depth were made on all of the lakes and ponds.  The
vertienl distribution of tempersture, oxygen, and pll (seid intensity)
wis determined on each lake during the latter part of the summer,
From these dista, ealeulations wens made on the amount sud propor-
tion of water volume sod bottom sres of eseh body of water avail-
able to trout and salmon during the summer months.  This phase of

I



the survey work has affocded s hasis for classifying the lakes as to
whothor or not they are best suited to be developad as trout or salmon
lakes, on the one hand; or Iakes for perch, bass, pickerel, or othor
warm-water game fishos, on the other hand. An appraieal of the
food-producing capneity of each lake was made by =ampling the
plankton organisms and the bottam food anggunisms.  Collpetions of
fishes by gill nets and by zeines wers made to determine the present
statug of the fish populations and to serve as o basis for estimating
the relative numbers of the different species present,  Fish population
estimates, based on survey vollections, were supplemented by infor-
mation obtained from local Fish and Game Wardens for ponds in
thoir respective arcas.  Analyses of the stomach contents of all of the
gama fishes which were eollectod have been made in order to deter-
mine their food habits; and some attempts have bean made o corre-
late these food habits with the amount of bottom food available.
Samples of seales from all of the game fishes have been examined for
studios on agoe and growth, and o partial summary of these data is
ineluded.  An anulysis has been made of the records of fish stocking
by the State Fish and Gume Department duving the past several
years. On the basis of these studies, a new stocking progeam, to-
gether with other desirable methods of management, has been rec-
ommended for the lakes and ponds, with particular reference to the
suitability of the water in individual lskes for each species snd with
reference 10 the composition of the present fish populations.

GENERAL CHARACTERISTICS OF LAKES

Physical and chemical characteristics. Lukes and ponds have
certain phyzical and chemical charactensties in which they display s
considerable degree of uniformity, but lakes possess other character-
isties on the basis of which they may be classified into different, types.
Certain of these characteristics are of particular importance to fishes,
and are thus of primary considerstion in the present fisheries survey.
Brief diseussions of the general charseteristics of lnkes have been
given in previons reportsin the present series {Cooper, 19395 and 1940).
The discussion s repeated here heesuse the informstion is of utmost
impartance in interpreting the survey data, given in this report, on
temperature and chemistoy of the water; and becanse the previous
reports may 1ot be readily available due to the limited number which
was printed,  For a much more complete disoussion of the physical
uudl chemical ehametoristios of lakes which affect fish life, the reader
is referred to the standard text on Limnology by Weleh (1935) 1

FSen CLitersturs cted,” o page 247
I



{me of the more important charactenistics of lakes from the stand-
point of fishes is the seasonal eyclic natura of the tempersture and
chemistry of the water, which factors not only vary st different sea-
sons of the vear but vary at different depths at each season, Seasonal
changes in tempersture are very stoking, and sessonnl changes in
oxygen and pH are direetly dependent upon, and in part the result
of, the seasonal temperature eyele.  Furthermore, the seasonal eyele
of temperature, oxygen, and pH, and their vertical disteibation, are
primarily dependent upon the depth of the water, snd secondarily
upon the avea of the lake ond the amount of wind and waye action,
The soasonal temperature eyele i= dependent upon two factors: (1)
the maximum density of water occurs at a temperature of 4° O, {39°
F.), that 15, a unit volume of water is heavier st 4° C. than st either a
colder or warmer temperaturo; and {2} water in lakes is heated
mostly by contact with the air at the surface,

Each year, lakes in Maoine pass through four distinet stages with
respeet to water tomperature.  In o large (over 1,000 seres) and deop
(100 Teet or more) luke, the distribution of temperature during these
four stages i3 approximately as follows:

L. Mid-winler elagnation lage: Lasting from December until the
ice “goes out” in early spring. Water temperatare 32° F. just
below the ice nnd beeoming grndually warmer toward the bot-
tom; seldom warmer than 39° F. on the bottom and usually
not aver 36° to 38” I.  During this period there iz practically
no movement of the water.

2. Spring overturn stoge! Begins usunlly only a few davs after the
e disappears in the spring, and lasts only a few days depend-
ing tpon the amount of wind and tho air tempesature, Water
temperature uniform from top to bottom and at or near 39° .
Wind action produces water eurrents which roll and mix the
water completely from top to bottom.

3. Summer slagnabion stoge: Commences immediately after the
gpring overtum stage and continues 43 long ns warm weather
lasts, usually into September.  During this period the lake
veider may be divided into three distinet depth regions on the
hasis of temperature: (a) An upper layer, or epilimnion, in
which the water is quite uniformly warm; in lorge lokes this
layer extpands down about 18 o 25 feet or more (the tempera-
ture at 20 feet would be perhaps 2 or 3 degrees colder than st
the surface); (b) & middle layer, the messlimnion or thermoelisiv,
extending from a depth of about 20 fect to 30 or 35 feet, through
which there is a very sharp drop in temperature with inerease in
depth (for example: the temperature might be 76° F, at 20 feet,
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and 50° K. at 35 feet); and (¢) a lower layver, or kypolansion,
extending from 30 or 35 feet to the bottom, through which the
drop in temperature is very slight compansd to depth (for ex-
ample: 50° F. at 35 feet, and 44° F, at 100 fect). During this
summer stagnation period, the warmer water is on top because
it i the lighter, and this difference in weight between the upper
cwann and deep cold water i very great.  Summer wave action
nad water currents tend Lo force the warm water down to mix
with the eold water below, while the greater weight of the cold
water tenda to work aguinst this mixing.  Tho woarm water ox-
tends down farther ns the summer progresses and the depth to
which it does finally desoend depends upon the strength of the
waves and of water currents, which in turn depend upon the
size and shape of the lake and the amount of wind aetion,

4. Fall overturn stoge: Commences alter the lake water has cooled
down to 40° to 45° F, ln the fall and lasts for several days to a
week or more (in October or November) depending upon weather
conditions of air temperature and wind. Water temporature
uniform from top to bottom until the wator cools to 39° ¥, or
slightly less. Water “rolla” and mixes from top to battom due
to wind aetion,

The change from one to anotlier, of thess above stages in lakes, is
mostly quite gradual, due to the high specifie heal of water,  After
the ice dissppents in the spring, the 32° I water at the sudface in
contact with warmoer air begine to heat up.  As it docs o, it becomes
heavier and winks to mix with and displace the colder water bolow.
This process continues until all the water in the lake is at 39° . and at
its maximum density,  Since there is then no difference in wioighl
bhetween: different layers of the water, s moderate wind can roll the
water from top t0 bottom. As the surfuce water now ¢omes in con-
tact with the warmer air, its tempersture rises above 39° ¥. and its
weight per unit volume decreases, This warmer water now stays on
top, and continues to do =0 as the luke warms up during the summer.
There ix ten the summer stagonation stage 43 deseribed under 3"
above, When the water beglns to coal in the full, the process is ro-
versed.  The witer, cooling at the surface, beoomes heavier nnd sinks
o displuee the warmer water just bedow.  Thig continues until all of
the water i# of n uniform temperature from top to bottom, The
wilor will then remain uniform in tomperaturo from top to botlom
until it cools to 39° K. Thereafter, us the surface water cools helow
39° K., it becomes lighter than the warmer water just below snd there-
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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The yeurly vycle of dissalved oxygon, pH (Yacidity"), and froe car-
bon dioxide content of lake water, deponds upon the temperatiore
eyele, and also upon other factors, namely:

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

2, The prodogtion of oxygen in water by aqustic plauts, and
largely by the plant plankton in most Maine lakes sinee: the
higher plants are generally rare

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

4. The libenstion of earbon dioxide into the ar by water at the
snrface,

5, The amount and eate of decomposition of omganic wud on the
hottom paud suspeader] in the detp water; this decomposition
at the bottom removes oxvgen and produces garbon dioxide.

. The removal of oxygen from water by hoth animal and plant
life, including bacterin.

7. The liberation of earbon dioxide into water by both animals
and planta.

OF the above fuetors, No= 1, 3, 4, and 5 are probably the most impor-
tand in the changes of the chemical properties of lake water in most
Maine lakes., When water comee in contact with sir st the surface,
it eapidly becomes ssturnted with oxygen and rapidly foses most of
its carbon dinxide. Thus, when lake water is being mixed from top
to bottom during the spring and [ull overturn stages the oxygen
content of the water from the surface to the bottom is high, and the
carbon dioxide content is low, Following the spring overtum, how-
ever, tempemture steatification makes it impossible for the deeper
water to come in contnel with the surface. Whether or not this deeper
wator will retain enongh oxygen for trout and salmon throughout the
summer, and not aceumulate too much carbon dioxide, depend mostly
upon the amount of water in the hypolimnion and the rate of decom-
position of the boltom material.  In a deep lake a moderate amount
of decompasition might not bo very sovious boeauso of the presence
of n large amount of deep cold water; in a more shallow lake the
samo amount of bottom decomposition might be sufficient to make all
of the deep water unsuitable for fishes,

Under vptural conditions i Iakez the oxygen content and carbon
dioxide content tend to be complementary in their vertical distribu-
tion, sinco those processes which take up oxygon liberate a somewhat
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corresponding nmount of carbon dioxide.  Thus, where the oy
vontent = high, the carbon dioxide is psually low; and viee virsa,

Tests made during the past four vears on aboat 100 Maine knkes
linve Indicated that most of the patural lakes in southern Maine am
more or less weid, evon the upper water in the epilimnion,  Sammer
tosts on the decp lakes have indictned that the deep water during
spmmer is mueh moro “acid" (o highor hyvidrogon-ion concuntration)
than the upper wator. This variation in vertical disteibation of pll
reflects the variation in vertieal distribition of carbon dioxide; that
12, the decper water 1= mone achl due 0 the presence of more earbon
dioxide produced by docompesition of bottom materal and of or-
ganie msterin suspended in the hypolimpion.  Thus, comparative
pH tests e regarded, for most lakes of Maine, as a fairly good gen-
eral index of the amount of carbon dioxkle in the deeper water,

The depth to which warm =efneo witer will e deiven in Inkes by
the end of the summer depends mostly upon the sixe aod shape of the
lake snd npon the amonnt of wind and wave setion.  The warm water
will be driven down to ahout tho ssme depth in large lukos, whether
they are shallow or deep.  Thix makes the factor of depth in Jarge
lakes very important in determining whether or not o lnke will have
cold swater for tyout or salmon during the hot part of the sammer,
Warm water 1 daven down to a groater depth in lurge lokes than in
smull vnes, and this makes the size of the lake and the amount of pro-
teotion which it has agaimst the wind of considesndle importanee in
determining the amount of teout water. T brief, it might De statel
that the ratio of sizo to depth is the most mportant factor in deter-
mining how deop the warm water will be driven during the summer
time snd, therefore, how fur down the trout and salmon will have to
go to find n suitable temperature.  Clonsiderable informpation on this
relationship between the =iz of u lake and the depth to which the
upper uniform layer of warm water (epilimnion) will extend by Au-
gust in Maine lakes has been obtained [rom the survevs during the
past three summers. Such information was summarnized (Cooper,
10396 for 20 lakes snd ponds of the upper Ssen River and Sebago
Lake drainage systems in Maine, on the depth to which the upper
warm-water Inver extended by fnte sommer, 4= follows:

17 feet i pomds of 56 to 100 aeves in aren (average for & pands),
IR.T foet m posids of 101 to 300 aeres in nren (nvernge for 1 ponds),
23.3 feot in pands of 301 to 1000 uores in aren (sveman for 3 poeda),
25.3 feot in poods of 1,001 to 2000 scres is nron (sveeago for § ponds),
26 Dot in one like of 4807 aors,

30 feet 0 ot Lake of 28771 sires,
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From our study of the Rangeley Lakes in 1939 (Cooper, 1040) it was
found that this upper warm-water fayer extanded down to depths of:
30 feor in 3 hakos of 1,700, 4200, and 66,700 neres.
A5 foot in 8 akoos of 2,000, G000, and 16,300 seres.

From the present study of 53 Iskes and ponds i the Androscoggin
and Kennebee River dminages, it was eatimated that during Iate
summer the warm (70° F\) water of the epilimnion extended down to
various depths in the different lakes and these depths were definitely
eorrelated with the size of the lake. The depths to which the warm-
water laver extended in the lakes of this area were as follows:

178 feet in potsds of 107 10 300 sores o ures (gverage [or 24 ponds).

To the bottom at maximune depthe of 22,27, and 38 feet {x 3 ponds of W65, 385,
nand 456 acres,

214 feet in pondzs of 501 to 1,000 aeres (ovarmge for 8 pands),
To the bottom ut o maximum depth of 20 feet in one pend of 557 aeres.
294 feet In ponds of 1,000 to 2,000 acrex (average Tor 7 ponds),

To the bettom at mnxmum dopths of 19 and 27 feet i 2 ponds of 1,705 and
5757 nenes.

26.5 feet i ponsds of 2,001 to (000 seres (averuge for 2 ponds).

To the bottom st o muxbmurmn depth of 20 feet in ove paod of 2,115 neces.
) feet 1y one poend of §510 nores,

T'o the bottom ol o raaxiwam depth of 38 oot i e pond of 3,829 acres,
25 deet in vne pord of 4420 sores,

25 feet tn one pund of 6,545 acres.

33 foet in one pord of 8,259 acres,

These above figures on the depth to which the uniform warm-water
layer extends in Inkes of various sizes apply to late summer, mostly
sbout the middle of August, At eardier dates the depths woald be
less, whercas later on in the season the uniform upper fayer would ex-
tend to greater depthe: bat after late summer the temperaturs of the
water in this upper uniform layer tends to be cooler. There comes a
time during early fall, while this upper layer s eooling and also being
extended deeper into each loke, whent coldswator fishes find the tem-
perature of this upper uniform layver very f@omble and thus are free
to rise to the surface, A similar condition exists in the spring, but
the direction of the tempersture ehange is just the opposite from that
in the fall. This uniform upper layer of wateér is continually circulnt-
ing, coming in contact with air at the surface, snd therefors mainfaing
# high oxygen content.  When this upper layer is cool enough for
cold-wator Gshes, there i5, in general, no dsnger of these fishies suller-
ing from lack of oxygen, Oxygen deficiency usually oceurs, if at all,
in the deeprwater lnyer which & not dreulsting in contaet with air
at the surface. Thus, temperature and the related oxygen contont of
tho doep water are important limiting factors for salmonid fishes only
whoen the upper warm-water lnver is too warm for thom.
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The depths of warm-water penetration in lakes msy be of interest
w fishermen in indicating suitable depths for fishing by teolling during
summer months,  Their primary value in connection with the survey,
however, is that they indicate how deep lukes of vanous sizes
mist be in order to have eold water during that pert of the summer
when the upper water layer is too warm for salmonids. A small
amount of this deep cold water, whothor distrilmited cvenly inoa thin
layer over the bottom of the ke or concenteated in g =mall depres
don, is appurently not cnough o produce o good troub or sulmon
lnke. Those lnkes and ponds in Maine, which have beea studied by
the survey and have been found to be hest asdapted from the stand-
point of the water supply for trout or salmon, have more water vol-
ume and more bottom area below the thermecline than uhove it, In
general, as the proportion of the smount of water in the deep layer w0
that in the surfare lnyer decreases, the value of the lake for salmonid
fishes decreases,  1f o lake = shallow to the point where only u small
volime of water remains in the deep xone or hypolimuion, this small
reservole of cold water §s heated during the summes time by the cies
culnting warm water above; and this cold water may be mestly, iF
not entirely, diminated by the eect of this contact and counter vir-
culntion.  Thuz, warmn wator may extend somowhost Farthor down
(and to the bottom! in & ehallow lske than in a deep lake of the mame
nrea and sarface disturbianer, becanse the deoper Inke has a lseger
reservoir of deep cold water to muaintain tempersture stratafication,

The factor of dissolved oxygen in the water, which is, slong with
tempersture, of primary troportance W sdmonid fishes, has its offeet,
superimposed upon that of temperature,  Oxygen deficieney works
up From the Bobbom, sx temperature inereass extends downwanl from
the surfave.  The amount of organie decomposition and the resultant
removal of exygen depend apon the amount of organie material in
the lake. The effest of this decomposition and oxygen removal dee
pends mostly npon the amonnt of this less, but also to a considernble
extent upon the volume of the isolated deep-water layer through
which this loss of oxygen is distributed.  Thus a uniformly deep lake
has a larger reservair of cold water to absorb this oxygen depletion.
In a more shallow lake the same amount of oxygen depletion may
have an adverse effeet upon the entire cold-water layer. Thus the
factors affecting oxygen depletion in lakes are: (1) the type of luke
with respect o the disteibution of depth wecording to ares, and (2)
thy amount of organis decomposition of mud and organic material
asgpended in the deop waiter, The mtio of mze of the lake to its depth
i# important to the oxygen content only indirectly, in that it deter-
mines the gmonnt of the deep water; if the amount of deep cold water
is lnrge, then a large smonnt 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 wster, One fact
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of purtieular intoresd at this point s thal tempemtare, oxygen eon-
tent, and pH o content of water in lakes {exoept during spells of very
windy weather) wee guite uniformly stratified; that is, temperature,
oxyvgen, and pll are each usually about the same at the same depth
over the whole Iske

Stability of lakes and ponds. The physieal, chemical, nnd, to
same extent, hologieal conditions in lakes and ponds change from
year to year ouly in proportion to the rate ot whiclh bottom materisl
aceumlates in the basin of the lake,

From the geologist's point of view, sl lakes wee in the process of
rapid extinetion because the lnke basing are being filled with eroded
=oil and organic materinds from squstie plants and snimsls, In deop
and relatively unproductive lakes with little plant life, this provess
of filling in 15, by ordinary standsrds of time, extremely slow; but in
the final stages in very shullow Iakes, the provess i much more rapid,
Fortunately most of Maine's good trout and salmon Inkes wre of the
former type, and are changing very little from year to yenr. Prob-
ubly such badivs of water s Schago Lake, the Rangeloy lukes, and
Auburn Luke, have not changed sppreciably in their phiysienl and
chomical properties for the past severn] hundred years or much longer,
Probably, also, such bodies of water will not change much for cen-
turies to come, assuming that no large smoant of organie pollution
will enter the lakes. The data on tempemsture, oxygen, and pll,
obtained during the 1940 survey, should be applicable to these akes
for many vears 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
fukes, on the other hand, wre subject to much more rapid changes,
cspecially when new species are introduend, A continual knowledge
of these chunges in sach lake s nocossary for efficient fisherios man-
ngemont.

Classification of lakes. Furvpean limmologists have  elassified
lnkes! scoording to their physical, chemical, and biological charcter-
istics into three types: oligotrophie, ewlrophic, and dystrophic. Some
of the important chargetenstics of these three types of lakes ure as
follows:

(Nigatraphic lakes

Relatively lnsge amount of deep cold water.

Water blue to green snd very transparent.

Lattle or no organie mntornl on the bottom m deop water,
Oxygon content high st all dopths wod st ull sensons,

P 8ee Wolch: 1034, Lienolyy, pp. S10-315,
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Aquatic plants mre,

Basge 'furﬁlit,v: low in plankton, fairdy rich w bottom food or-
ganisms.

Excellent for trouts and salmons and other eold-water'' fshes.

Eutropkic lakes
Lake shallow with relatively small amount of deop cold water.
Water green to vellow or brownish green nnd not very transparont.

Large quoantity of oganio material on tho bottom and suspended
in the water.

Little or no oxygoen in deep water during the summer,
Aquatic plants abundant,

Busie fertilitv: very rich in both plankton and bottom food
UIgRnism,

Usnally not good teout or selmon water,

Dystrophic likes
Deep to shallow; in bog surroundings or i old (geologically
speaking) mountains,

Water yellow to brown and with low transpareney,

Large quantity of organic mud on the bottom,

Little or no oxygen in deep water during the summer.

Aquatie plants rare.

Basic fertility: low in both plaskton and hottom food organisms.

Oecssionally trout (probably never salmon) in deep dystrophic
:x&: never trout or salmon in shallow or advaneced dystropiiz

(A

All of the good salmon lakes, and most, if not all, of the better trout
lakes, in Maine, which have been studied by the survey s«nee 1937,
resemble the ofigofrophie type in that they (a) are deep with more
water in the hypolimnion than in the epilimnion, (5) have white (as
oppossd to brown) and trsmsparent water, (¢) have relatively little
orgsnit  matorial on the bottom in deep water, (d) have high
content of dissolved oxygen in the water at sll depths during the
summer, and (o) have scanty aguatic vegetation. The lakes in Maino
of this type are referred to as the best teout and sulmon lakes, sinee
these lnkes are the ones in which the survey netting hss taken the
greatest numbers of salmon and trout, and sinee these lakes are the
ones which have the reputation of affording the best salmon and
trout fishing. These better trout and salmon lakes of Maine differ
from the ohgalrophic type of Inke as characterized by Weleh (1935)
principally in that most of them have a seanty bottom fauna,

14



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 mare shallow, have less water in the hypelimnion than
in the epilimuion, have considerablo oxygen depletion in the deeper
water, and have scanty aquatic vegetation. Many have brown
water, are low in plankton, have considerable organic material on
the bottom, and, in these respects, rescmblo the dystrophic typo as
characterized above.  Maost of theso lakes have only o few hundied
hottom organisms per square meter, thus resembling the dystrophic
type; while only & few have the bottom fauna quantitatively ap-
proaching that charmeteristie of eufrophic Iakes. Many represent
borderline tyvpes whieh are in the process of transition from an oligo-
trophic type of lake to something with characteristies of both entrophic
and dyatrophic lakes. These are lakes of moderate dopths, with fess
water in the hypolimnion, and with & considerable oxvgen deficieney,
but with “white" water unlike the dystrepkic type, and with low fer-
tility unlike the cutrophic type. Thus, while the eléigotropiic type of
lake is quite readily recognizable among Muine lakes, most of the ad-
ditionn] lakes seom 1o boe morme like the dysfrophic type but have some
fostures not unlike the entrophie type. Our stady of Maine lnkes has
not, however, been entical enough for o detailed attempt at classifi-
eation.  Much more data would be necessary, particulazly on the
chemistry of the water. It is possible, however, to classify them on
the baziy of depth, tempersture, and oxygen content of the water into
an ofigotrophic type which i= well suited for trout and salmon, snd a
second type which is not well suited for these fish and may be vither
shallow and warm or may be fairly deep but with considerable oxygen
deficiency in this deep water. Apparently, there is-also wn advanced
stage of the ligatrophic type of lake representing manginal trout and
salmon water and being characterized by partial oxygen deficieney in
the desper wator.

REQUIREMENTS OF TROUT, SALMON, AND
OTHER GAME FISHES

This present section on the requirements of some of the common
game fishes in Maine has been extracted with slight alterations from
Survey Report No. 2 (Caoper, 1939h) for the benefit of fishermen who
might find this bulletin useful, beesuse s knowledge of the require-
ments of the different species of game fishes i= of fundamental impor
tance in evalusting the survey dats given in the following sections of
this report, and because this previous publication 5 no longer avail-
uble,

The development of o scientific stocking policy must of neecssity
consider the requirements of the food and game speeics eoneerned,
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These basio requirements of individual species naturally vary some
what in different parts of the country, as, for example, the require-
ments of the Brook Trout in Maine waters are probably somewhas
different from those of Brook Trout in states farther south und west
The requirements of our game species are not completely known by
any means; however, many of the basic requirements are undesstood
o # genesal way and these may be summurized (baged largely on the
literture; 1o some extent on survey results) for some of the more
important fish species in southern Maine as follows:

Land-locked Salmon or Lake Salmon, Brook Trout, Brown
Trout and Rainbow Trout. (These speeies ure here considered nx o
unit sinee most of their requirements are very similar,)  The requine-
ments of trout gnd salmon are mueh the same in lakes and ponds as
in streams. The most important of these requirements are:

1. Cold water; at least below 75" Fahrenheit, prefernbly below 70°
F. There s eonsiderable ovidonce that Brook Trout, at least,
will live and do woll in water 75° F. and warmer in shallow
ponds whers competing warm-water game fishes such as the
perches, bass and pickerel, nre not present; recent studies on
Quimby Pond near Rangeley, and reports by Game Wardens
from the northem part of Maine substantinte this statement.
1t appears that in most of the lakes of gouthern Maine, trout
and =almon occupy the deep and cold water partly beegase of
preference but mlso partly beesuse they cannot tolerate the
competition of tho yanm-water species which live muostly in the
upper water.  The muaximuwm temperature limit of 70° F. i
therefore, tentatively sct for those lnkes of the sonthern part of
Maine whery warm-walor game fishes are present.

2 Oeggen: ot least 5 popom. (parts per million) of dissolved oxvgen
in the water,  The minimum oxvgen reguirement is set by some
investigators at 4 p.poan.; 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 Jake during lste summes, it would make
little difference whether the minimum was st ot 5 p.p.am. or
4 p.p.m., beeause, in those regions where oxygen is 63 low gz
O popan., the oxyvgen content wsuslly varies markedly with
shight eluage in depth,

3. pll (aced intenmity): of approximately 5.0 to 9.0 for trout, best
above B for salmon.  Trontz can tolerate much more acid water
than many other game fishea. However, a low pH in deap water
reflects Jow oxygen and high earbon dioxide which tmout wnd
salmon exnnot tolerate,
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4. Adequale food suppty: Trout and =almon up to & lengih of about
elght Inehes-feed mostly on lnsecta. These must be mostly bot-
tom inseots when trout aud salmen ams confined to the deep
wobter during the suvuner months, Thos, the amount of bot-
tom area uvailnble to these fish, and the abundance of hottom
food organizms are mportant.  Larger trout snd salmon feed
mostly upon smsll fishes and, in Maine Inkes, the Smelt is the
only =mall fish which is sbundant in deep water during the
summer, Thus the Smelt is an absolute pecessity to the pro-
duction of large Land-locked Salmon® uad is probably also im-
portant to lirge Brook Trout and Togue (Lake Trout),

5. Spawwing grounds: Brook Trout and salmon amo inhorently
stream spawners,  (Possbly they do spawn in lakes under cor-
tain conditions, but this ocenes rsrely and 3¢ of Httle general
importanee.)  Thesefore, if stocking of a lake iz done with the
ides of establishing a partinily or entively self-austaining popus
lation of trout o1 sulmon, the lake should have tributary streams
which affer suitable spawning conditions for the adults aml
ronditions favorble for good growth of the young for ut feast
two vears. Howover, there are many lakes which lack trout-
stream tributuries but which are good encugh az trout lakes to
justify continued yeary stocking with the realization that Ash-
ing will harvest only the stocked fiah,

6. Stream habitats: Young Brook Trout and salmon (alzo Browns
and Rainbows, not Togue) normally live in strenms for two
yenrs or more and until they reach a length of at least six to cght
mehes. It i3 biologically nnsound to plant trout and salmon
fry (not Togue) in lakes and pomds.  Fry should be planted only
i suitalle tributary stevams, I the lake has ne such streams,
the fish should be reared in the hatehery to a length of st Jeast
sx 1o eight inehes before they ave planted in a lske.

Togue or Lake Trout. Mast of the requinsments of Togue an simi-
lar to those of trotts and safmons but there are some important differ-
ences.  The Togue ix preeminently s deep-waler species and iz seldom
i ever found in Jakes less than 50 feet deep.  They usually live in
Jukes at o depth of over 60 10 30 feet exoept during the spawning sea-
son or when the suface water is very cokl, At & depth of 60 feet or
more in Muaing lakes the water temperature is invariably below 60" F.
and usually less than 55 or 50° I, at all seasong; thus the Togue lives,
und presunsbly prefers o do so, in colder water than do other trouts
und sulmons,

CRendadl, W, C) 1905, Tl fislies of New Kaglaod, ‘The Saluson (amily.  Pard
2—"‘2* Salimons  Memoirs Boston Seciety Nutural History, Vol 9, No. 1, see
.
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The oxygen and pH requirements of Togae are presumahly some-
what similae 1o these of other trouts — at least 5 popom, of oxygen
and » pH prefersbly between 6.0 and 8.0, The deep wster in most
Maing lakes probably rarvely, if ever, bocomes alkaline, that is, with a
pH above 7.0. The food of the adult Togue ix chicfly fish, although
they have been aceredited with eating o great vanety of different
types of foods.  Togue occur in lakes of southerns Maine mostly if not
wntirely in lnkes which have smelts, nod smelts mve known to be their
chief food. The foed of the young i= sot Known, slthough it s pr-
sumably mostly insecia,  Togue are unlike most other trouts and
salmons in that thoy normally spawn in lukex on gravel and in shallow
water.  Also, presumably, the young go to deop water shortly after
they hateh, for extensive seining in shallow water of lakes in the sam-
anr time has never (to the wiiter's knowledge) prodused anv young

O

Smelt. Smelt, ke the troats and salmon. live in deep cold water
during most of the summer st temperatunes mostly Jess than 60° T
However, there ure some authentic meeords which indicate that smelts
do vccasionnlly school &1 the sarface of lakes duning the warm som-
mer months  Jwdging from the distribution of =smelts in the lakes
covered by the preseat survey, {6 is believod that their oxygen reguire-
ment i smilar to thet of trouts und salmon, presumanbly ot least §
popoo. The adults of the larger moe of smolis food mostly on small
fish; an the other hand, the voung smelts und the ndults of the small
riee feed lurgely on plankton or micro-organisms n the wator

sSmelt spawning oconss mostly in steenms:  however, smelts we

nown to spawn nognafly i some lokes, 08 for Instaoee Lake Chaom-
plain on the New York-Vermont line, Possibly also some popula-
tions of our smalleat rave of 2melts here in Muioo spawn ondy o lakes.
Smelts spawn from Iite Mured to cady May aud the larger mee uss.
ally spawns earlicr than the smaller one,  The rges are adbesive and
sre stuck on sticks and stones on gravel or mbble bottom.

Chinook Salmon. This speries has been introduced mto Maine
from the streams on the Pacifie Coust of North Ameriea where i is
native. Its temperature and oxygen requirements am presumably
simifur to those of our native safmon.  Adult Chinooks feed mostly
on fishes; the young fecd on m=ects.  All evidence nvailable thus fur
indicates that the Chinook Salmon in Maine lakes would compete
directly with our naiive sddmon for food.  However, the storking of
Chinooks in some Maine lukes appears to luve one distinet advan-
tage in that it preve more readily on young woarm-water geme fiahes
=uech g the White Perch and Ydllow Pereli. The Chinook has thrived
well in some Maine lakes whove the swarm-water game fishes hsve
erowiled out the native salmon
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On the west const the Chinook runs up froan the ocean to spawn in
streams and, like our native ses salmon, the young stay in streams
for & period of | or 2 years after which they return to the oecean to
make most of their growth. They then rome back as 4- or S-year-old
fish to the stresms to spawn.  In all of the species of salmons native
to the west const of the United States, all of the adults die after ther
first spawning. Other fisheries investigators have expressod the belief
that thoir introduction into the wators of Maine would nover result
in the permanent establishment of the species. THowever, there is
some indication that the species might become established eventually
in some Maine focalities.  Chinook Salmon have been planted in a
considerable mumber of Maine lakes during the last few years, and
many of these planted fish bave grown to maturity while confined
entirely to fresh water. Cobbosseecontee Lnke near Augusts might
be gited as an example.  During the first part of October, 1937, about
L0 adult Chinooks migrated down out of Cobbosseccontee Lake for
about one-fourth mile into the outiet where they were stopped by o
permanent soreen,  On Qetober 15 the writer obsesved seversl adult
femnles digging their nests in a gravel bottom in about four feet of
water, and dissoetion of 8 dond adult female Chinools found at this
gamo Ioeality indieated that all of them had recently deopped their
pgge. A fow nunspawned ogge in oach of the females indiented that
thoy had been able to develop normalsized eggs while being con-
fined to this fresh-water lake.

Warm-water Game Fishes, The four species of warim-waler game
fishes most important in Maine are the White Perch, Small-mouthed
Basgs, Common Piekeeel, and Yellow Perch.  These species do not
redpuite eold water but sather they spparently require warm water
o make their bhest growth, nnd the bass, ab [esst, ceguines relatively
warm woater in order to spuwn,  Therefore these spocies presumably
could live in practivally all lakes of the staie in which thoy might bo
introduesd.  The water in Maine likes probably never beeomes =0
hot a8 to be detrimental to any of them; in faot Pickerol probably
relish the warmest waters in Muine.  On the other hand, there is ome
wvidenee that large bass and large White Perch spend at least part, of
thedr time in deep cold waters during the hot part of the summer, but
the voung of these zame species live in the warm surface water during
the entire summer., The oxygen requirements of these warm-water
game species are probably somewhat less than the requircments of
trout and salmon, but oxygen deficiency ks rarely, if ever, an impor-
tant factor to these warm-water species sinee the upper warm watsr
of lnkes is practically fdwoys seturated with oxygen during the entine
period swhen the lske is frog of (e 1o other requirements these warm-
water game species differ conmdersbly,
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White Perch. White Perch become shundant in 8 great vanety of
different types of lakes, and they sepm to beeome just as sbundant
in deep and eold trous lakes 55 they do in warm and shallow lakes
(however, among the lakes of the present 1940 survey, our gill net
records indivated that the White Pereh might by more abundant in
challow Iakee). The food of the Whito Porch consists moetly of hot-
tomn insects and emall fishes, including the Smelt, They also feed to
some extent on plankton erustaceans.  Spawning habite of the White
Perch are largely unknown to the writer. The spawning season oc-
cars in May and June in some loealities, and there are large spawning
runs in the major inlet nnd outlet streams of some lakes.  Sinee pereh
also occur abundantly in ponds which have no tributary steeams at
all, it is assumed that they also spawn in lakes to i considerable ex-
tent. Reports by several Fish and Game Wardens and by local fish-
ermen indicate that the White Perch drops its sges on gravel bottom
in shallow water

Small-mouthed Black Bass. Bass do best in fairly deep, cold lakes
with little vegetation, rocky shorelines, and graveol or rubblo shoals,
Its food ix mostly fish, crayfish when available (erayfish are genorally
rare in Maine), and insects; large hass food mostly on fish,

Bags dapawn on geavel shoals mostly in from 2 to 4 feel of water,
The spawning senson seeurs in the early part of the summer and
mostly in Junein Maine, Tt hos been found that bass require o water
tempernture above nbout 65° F, for spawning.  The male guwrds the
nest of eggs and fry, and if the male & eanght off the nest and the eggs
are loft unguarded they are usually destroyed.

Common Pickerel. The Pickerel 15 found in a variety of lakes,
both shallow and deop, but the species iz best adupted to shallow,
weedy Jakes with mud bottom, Its foad is almost entirely fish after
it reaches a length of about 8 to 10 inches, and even small pickerel
less thau 5 inches long will feed on fish to some extent. The Pickerel
ety mostly warm-water minnows and the young of warm-water game
fishes in shallow watcr, but we have evidence of Jarger pickerel in
deep waters feeding on young salmon.  Pickorol spawn carly in the
spring, mastly in Muy in Maine, in shallow, weedy arcas of lakos or
in similar places in quiet tributary stromms,

Yellow Perch. The Yellow Perch i best adapted to weedy lakes
where the young oeeur mostly in shallow water, but the adulis are to
be found in deeper waters particularly in the summer time.  Its food
18 largely bottom mnsccts, small fish, and plankion erustacesns. The
Yellow Perch spawns in the early spring, probably during May in
Maine. It lays o =tring 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 eonsidered in this report are distributed over an arvea
of about 3,500 square miles of =outhwestern Mamme. Most of these
lakes, however, are confined to an zrea of about one-half this size,
extending from the Belgrade Chain southwest to Thompson Lake.
The whole area containing these 53 lakes and ponds involves all of
Androscoggin and Kennebee counties and the southern parts of Ox-
ford, Franklin, and Somersot countios: a very small part of Cumber-
land County s included in Thompson Lake, OF these 53 Iakes, 20
are in the Androseoggin River dminage and 24 in the Kennebee.
(Ree map sttached to the inside of the back eover of this report.)
Further detailed information on pond numbers, loeations, dlevations,
areas, 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 hss been aseribed to each Iake  This has been
done to avoid orrors of identification of a given lake, especially for
thoso lakes and ponds with names which are commonly duplicated,
ux, for example, South, North, und Long. This pumbering system
has been deseribod in Survey Report Noo | (Cooper, 19892). It should
be sufficient Lo poiot out at this time that the ponds are numbered
in sequence according to drsinage svstems and in sequence relating
to the tributary streams, starting from the mouth of cach drainage
svstem,  Fuaoh pond hay woseparate sumber, 50 thut the pond number
van bo weed s positive lentification to supplement the name of the
pond.

The majority of these lskes ame at o low elevation due to the fact
that they are loeated in the lower parts of the Androscoggin and Ken-
nebee drainage systems,  Forty of the 53 bodies of water are af ele-
vations of between 100 and 400 feet above sea level, Garland Pond
in Byron is the highest st an elevation of 1,141 feet above sen loved;
the nearby Silver Lake is next in altitude at 898 feet.  The four ponds
ot Locke's Mills are next in altitude ab 094 to 763 fect.  Webb Loke
iz 678 fect above sen level, Al figures on elevation, ns miven in Table
I, are tuken divoetly from the United States Goologieal Survey Tope
agraphic Sheets

The wrens of these lokes have been calenlnted for the present survey
studies by asing u planimeter on the loke outlines #8 given on the
United States Geologieal Survey Topographie Sheets,  Our figures
un areas wre asanned to o oonly approsiostely neevacare, and may
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well differ from acreage figires obtained by loeal surveys of individ-
ual bodies of water. The present figures should not be quoted with-
out this reservation, These area figures are, however, sufficiently
neeurate for the nse made of them for the present study of the smita-
bility of the water for trout and sslmon and for the present recoms
mendations for stocking various game species.  The 53 Inkes have a
combined area which we calculated to be 59,432 wres,  The largest
individun! lakes are Great Pond of the Belgeades with 8,239 acres,
Cobbosseeconter Lake with 5,543 acres, Thompson Lake with 4,426
aores, Andmscogein Luke with 3826 neves, and Snow Pond with 5,510
aoves.  Togothor these 5 lokes total 25504 weres, or 43 por cont of the
total serenge of the sntive 53 lukes and ponds. To addition, 12 others
of the lakes are over 1,000 seres in area.

The maximim depth of any lske or pond & 4 mattor of considors
able interest to the loeal people, nnd = also the sonees of mueh con-
troversy.  Whilo the exteeme depth of u very restricted ares of a lake
may be of comsiderable interest purely from the standpoint of Jaet,
it & not of any great importance from the standpoint of the survey.
A considerable depth of water iz especially important, however, from
the standpoint of the survey, if it invelves a considersble percentage
of the entire aren of the lake. The depth soundings made by the
survey were adequate to reveal the geneeal teawd in depth with suf-
feient acouracy for the ovaluation of the water for trout and =almon.
Many of the maximum depths found by theso soundings, however,
are probably pot the real maximum deptha of these bodiea of water,
It ks, in faot, quite possible that in a few lakes the setusl maximum
depth ix considerably greater than our fignres indieate; but in most
lakes the mnximum depthe probably would not exeeed the present
figures by more then s fow feet. Furthermore. wreas of greater depth
are probably very limited in their sise as compared to the whole
lzke, and are thus of little general importance.  Also, ginee oxygen
deficiency does oveur in the deep water of miany of the lakes, any deep
water missed by the survey would not greatly alter our evaluation of
the lakes for trout and salmon.

Most of the lakes are deep enongh (over I8 to 30 feet) to maintain
thermocline stentifiention during the summer, and only 8 are so shal-
low that warm water extends to the bottom during the summer.  The
groatest depth of water, e, 158 feet, was found in Embden Pond.
Other notably deep lakes wore Clearwator Pond with 120 feet of
water, Murnnacook Lako with 118 fest, Snow Pond with 113 feet,
Auburn Lake with 112 feet, Feho Lake with 111 feet, Thompson Lake
with 100 feet, Narrows Pond (south psrt) with 105 feet, and Cob-
bosssecontee Lake with 100 feet. An additional 14 lakes and ponds
were found to be over 580 feet deep.  Several of those deep lakes have
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The locatons, elevations, and areas, and a
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the deep water distributed over u considerable portion of the luke;
notable oxsmples are Thompson and Aubum Inkes and Clearwator
and Frobden ponds. [n the case of Embden Pond, 15 per cent of the
lnke area, or 232 neres, has a depth of over 100 foet; and in Thomp-
wou Lake, 19 per cent of the lake ares, or about 840 neres, is over 75
foel deep. 1t ix more common, however, to fid the deeper aren of o
Inke relatively very small, 83 was found to be teue for Eeho, Silver,
Cobbesseecontee, and Maranacook lakes and Snow Poad. Of the
1,673 acres of Maranseook Lake which has o maximum depth of 118
feet, only & very small aren i3 over G0 feet deep; n Snow Pond of
3,510 neres and & maximum dapth of 113 feet, most of the lake is less
than 60 fect deep; in Cobbesseecontee Lake of 5,543 weres and o mus-
imum depth of 100 feet, only 2 por cent of the lake area, or 111 acres,
g over 75 feot deep; and Silver Lako ropresonts tha oxtreme in the ne-
striction of the deepor area, heing a lake of 806 acres with & maximum
dopth of 41 foot but with only 4 per cont, or 86 aeres, over 25 feat
doep, and with over four<-fifths of its nrea less than 13 feet deep. Sev-
eral Inkes pro notable in being very shallow in spite of the faet that
they nre of u lnrgo ares. Notable among this type are Subattos Pond
of 1,787 neres and n moximum depth of 19 feet, North Poud of the
Belgrades of 2,115 acres and a maximum depth of 20 feet, Pocassst
Lake of 587 acres with s waximum depth of 20 feet, and East Pond
of the Belgmile Lake= of 1,705 acres and o maximum depth of 27
feet.  Also notable in being large and selatively very shallow neze
Webb and Androscoggin lakes and Great Pond of the Belgrades.
Andrescoggin Lake of 3,326 acres and a maximum depth of 38 feot,
has only 7 per cont of ite aron, or 268 acres, over 30 fect deep snd has
only 22 per cent, or 842 acres, over 22 feet deep,  Great Pond is of
particnlar interest, boeause it iz the lavgest of the 53 lakes which wero
studied; but it 5 far from the deepest, however, with a4 maximum
depth of only 69 feet.  Over hall of Greal Pond is less than 15 feet
decp; only 20 per cont, or 1LEAS acnes, is over 33 feet deep; and ondy
4 per eent, or 330 acres, i over 80 feet.

The shore marging of most of these lakes and ponds are mostly
wootded, The shore Hnes and shore shallows sre predominantly rocky,
more of the boulder tvpe than of geavel. Sand besches are very
limited, or entively alsent on some Iakes.  There are relatively few
quiet bay areas, free from wave erosion and thus with mud bottom.
The type of bottom in the deeper water bevond the shore shallows
was found to vary considerably between the different lakes, from
mostly sand with a little inorganie =it in some lakes, to mostly or-
ganic mud in others. Ther was in general much more organie mud
i the deeper waters than in the shallow. This organie mud was
more of a flocculont nature in o few lakes, but was more linely and
uniformly broken up in the deep waters of most lukes, More infor-
madion on the type of bottom in the deep waters of these lakes is
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given in & later section dealing with the hottom fauna {see puge 8§2).

The squatic vegetation in the lakes o= o whole was found to be
geneyally very scanty, The vegetation present was mostly of such
omergent types as bullrushes, pickerel woed, water lilies, and somie ent-
tails, Thoere was very little submergent vegetation. The emergent
vegetstion was encountered in a few seattered areas such as along the
south ends of Groat and Snow ponds. There was also considernble
aquatic vegetation in some of the sluggish waterwars running be-
tween ponds, or concentrated nround ivlets and outlets.  The gen-
ernd searvity of vegetation in the lakes themselves is npparently due
mostly to the rocky nature of the bottom in the shallow water and to
the disturbing effect of the wave action in the leger Inkes.

Muany of the lakes have no dams at their outlets; some have low
doms; and none have high dams for water atorsge 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,” meanmg greenish to
bluish, and being so characterized in 44 of the lakes and ponds  This
included almost all of the larger lakes. 1o 9 lnkes the wiater wis
found to be mostly u light shade of brown, pnd these lakes were mostly
the shallower and/or the smaller ones.

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

1t has been pointed out in o previous section of this report thet trout
and =almon require cold water aud a high econtent of dissolved oxygen
in the water. A maximum tempersture of 70° F. has been set as the
eritienl fomperataree it and 5 ppom. has been set as the eritical
Iimit for dissolved oxygen.  Previous survey experience on Maine lakes
hues Inchiented that these Himlts are approsimutely eorreet for defining
good trout ur salmon walers.  Also, these limits sen approximately
the same as those =ot by investigalors in other parts of the country,

The vertical distribution of tempersture and oxygen in lukes dur-
ing the summer has been discussed previously (see page 11), but
shonld bo snmmanzed briefiy at this point, During the summer the
wanm water romuins at the surfsee and apper part of the lnke, aud
the cold water remains in the lower part.  Heating of the water ot
the surface, and wave action with the resultant circulating currents,
contimunlly warm up the uppor layver of wator, and extond this warm-
water layer to groater depthe.  Oxygen consumption takes place cons
tinually at all depths, but the water of the upper Iaver i continually
reaerafed nt the surface. The deap water does not eome in contuck
with the surfsce, and therefore cannot be reacested in this way.
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Thus oxygen depletion usually takes place only in the decper 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 overtum takes
place in the fall, This oxygen depletion becomes eritical only in lato
apmmer, 85 3% also the case of the effect of the upper warm-water
lyer on trout and salmon,.  The upper warm-water layer continu-
ally extends down from the sudface, and the oxygen-deficient layer
continually works up from the bottom; thus the two converging
foroes tond to “ont nway' at the middle trout and salmon xone, von-
fining the fish of this xone more and mons to & narrow depth steatum
pe the summer progeoses.  With extreme oxygen depletion in n mod-
erately deep Inke, this middle trout or salmon zone may completely
disappear; in some lskes it may be only partially destroyed: or in
vther 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 wator contin-
ues through late summer and into early fall, but by carly fall the sur-
face water may be cool enough to Iet trout and salmon eome up o
the surface, and st this time the battom oxygen deficiency would not
be n Timiting factor,

Methods, Analyses on tempemture, dissolved oxygen, nod pll of
the water were made dunng late summer, mostly in August, on all of
the lakes and ponds,  In addition, such fests were made on Gireat,
Long, and Enst ponds of the Belgeades, on Salmon and Anburn lakes,
and on Snow, Pleasant and Cochnewagan ponds, during the peeyvious
mobths of June and July, =0 that data on these lakes were available
for theeo separsto dates during the summer.  These ecight lukes ropra-
sented soveral distinet types with respect to depth, temperature; nnd
oxygen content of the water; and these tests made during the carly,
middle, and late parts of the summer pevealed the degree of change
of temperature snd oxygon in these different types of lnkes during
this period,  The results of the water analvses on all 53 lakes and
ponds nre given complotely o Table TE The methods used in these
unalyses on depth, temperstare. oxygen, sod pH may e deseribed
hraeliy ns follows:

Fales were soundod by osing two water-resiatant (non-shrinking)
sounding lines: o beaided tiller rope with hronge wire core, and n
brass chain.  The two lines were marked in depth at intervals of 5
und 2 feet, respectively. A two-pound lead weight waz used on the
end of each. The depth soundings were disteibated along Hnes he-
tween vanous land morks such as points, islands, buildings, reads,
ete., and these were lines which conld be locuted on our field maps.
These maps (see Figures 7 to 51), as prepared by the survey, were
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copied by pantopraph from the United States Geological Survey
Topographic Sheets. Soundings were distributed evenly along esch
line, cither by estimating the distance botween soundings or by tim-
ing this distance with the motor<boat traveling at a constant speed.
All of the lakes were sounded by the present survey with the exesp-
tion of Great Pond of the Belgrades,  Soundings on Greal Pood are
from a depth survey and map by E. 8. Lineeln, Consulting Enginoer
of New Yok City, and herewith printed with his permission,

The analyses on temperatore, oxygen, and pH were made ot one
or more stations on each lake and at only one station on most of the
amuller lakes. Thes: water analyses stations are indicated by the
symbol @ on the sccompanying maps of the lukes (Figures 7 to 51).
Thess stations were selected after the lakes were sounded, and in
most instances were located ut or near the deepest part of the lake.
Tests on temperature, oyxgen, nod pH were made nt various depth
intervals distributed so u= to determine the points of depth ot which
cach of these factors might chaage considerably.  Tests on tempora-
ture were made with two types of deep sea roversing thermometers:
a recent {ype of Negrotti sod Zumbre instriiment; and a second
instrumeont, without an soaxiliney thermometer, obtwined from the
H-B Distrament. Company of Philadedphin.  Also, three series of
tempergtures on Grent Pond of the Belgrmles were snade in 1937
with a Taylor Mueximum and Minimum Thermometer. A few sur-
face temperatures were taken with o pocket thermametor, when
these temporatures wore above the range of the Negretti and Zambra
instrument; these pocket thermometers were checked against the
Nogrottt and Zambra thermometer and were found to be aceurate
within 4 1° 1. The type of thermometer used in each series of tem-
peratures is indieated in Table 110 Samples of wator for analyses on
axygen and pH were obtained from the desired depths with o Foerst
Improved Water Sampler of 2,000 ce, capacity, Al oxygen tests
were made by the Winkler Mothod,  All pll tasts were made with
LuMotte Indientor Solutions and LuMotte Color Standand Solutions,
anid were made immedintely aftor the water sumples weore taken
The oxyiten tests were alse run immediately up to the final titration,
and thi= titration was completed within twe to six hours after sam-
pling. The results of oxvgen analyses as given in this report (Table
) nre expressed in parts-per-million by weight of dissolved oxygen
in the water.

A study was made of the morghometry of the lakes in conneetion
with the results of tests on tompernture and digsolved oxyvgen, for an
evalustion of the smount of water valume and bottom sren in each
lake available to trout or salmon or other cold-water fishes during
late summer. The critieal depths above which the tempersture ex-
voeded 70° F, and the depths below which the dissolved oxygen was
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less than 5 p.pan., during late summer, were determined from the
water annlysis datu.  Depth soundings were locsted on esch map;
dopth contours inelnding those for the entical temperature and oxy-
gren depths were drawn on each; and the lake ares within esch depth
contour was determined by planimeter.  Bottom arcas between depth
contonurs in the lakes were assumed to be i the same proportion &3
areas within depth contours on our prepared maps,  The volume of
water within each depth stratum corresponding to conscecutive depth
contours was caleulatod by assuming the [ake to be s series of froe—-
turme and by using the following formula:

Volume of wator In acre feet between two given deptl
Bevels = 13 T CA 488/ AGAD), where

11« depth of the water leyer In foxe,

A= arent in acyes within the depth sontour representing the wpper ot of
the frustum.

As= nrea in neres within the depth contour fopresentiog the lowor imis «f
the frasbem,

The total volume of cach lake was obrtained by adding the figures
for the sepurate parts. From this procedure, figuivs wero obtained
for the volume of water in the upper warm-water layer (above 70° 1.);
the volume of water, il any, in the deepor part of cach lake where the
dissolved oxvgen wis less than 5 popan, ;. and the volume of good trout
or aulmon witer, I any, betweon these warm and oxygen-deficient
Iavers,  Similar fignres were obtained for the aren of Inke bottom
dircotly in contact with the water of these throe zones.  The ares in
eontact with the water of the good trout nnd salmon zone is presums
ably the only Inke bottom ares available to these fishes during late
summer. The above procedure in evaluating dats on dopth, tompera-
ture, and dissolved oxygen for trout wid salmon, and several posstbla
sourees of error of the pracedure, have been disoussed mors fully oo
peevions report (Cooper, 1939h).  These sources of error are not he-
lieved to be sorious, and the method i presumably sufficiently aeed-
muta for the purposes of the present survey.

Results. In those 8 lnkes and ponds on which water apalyses were
made on three sepasate dates during the simmer, a considerable de-
gree of seasonnl ehange in temperature was encountened in all of them,
and conmdernble ohange in dissolved oxygen content was encouns
tored in =ome (See Tuble I aod Figures 1 to 8). Several mathor dise
tinet types of lakes or ponds, with respect to these conditions of dapth,
tempemtare, and dissalved oxygen, could be identified among thess
8 bodies of water, EFast Pond of the Belgendes nnd Cochnowngan
Pond were of the shallow type with quite uniform vertienl distribu-
tion of temperature, dissolyved oxvgen, and pH from the surface to
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the bottom dunng the entive summes; there wis o notable sersonal
inerease in temperature throughout all depths but there was very
little sensonal change in dissolved oxygen or pH.  The other six lakes
were deep enongh to have a theemoeline; and all revealed a general
seasonsl merease in tempersture, especially throughout the upper
warm-water layer (epilimnion), These deep-wrter lakes, however,
were of al lewst three distioet types with respect to the smount of
tissolved oxygen in the decp water. In Great Pand, Sslmeon Lake,
and Snow Pond thero was a high axygen contont st all depths at the
June anslyvees) this oxvgen content was considernbly reduced in the
deop water by July, and was eritically low (from the standpoint of
fishes) in the deep water by August.  This deepewater oxvien deple-
tion in August was most extremo in Great Pond and Salmon Lake and
somewhnt fess so in Snow Pond. A wecond pozsible type with nespect
to oxygen depletion in deep water was represented by Pleasant Pond,
it which the ozygen comtent within the thermocline was unusaally
high, but was eonsiderably reduced in the deepest water. The oxygen
distribution in Aubum Lake represented s thind rather distinet type,
with practically uniform distribution from top to bottom at each
summer woalysis, and with o sight bot uniform scaszonal decrease
from top to bottorn, In Long Pond of the Bolgrades {south part) a
somewhat complicstod oxygen eurve was encotntered at the wnalyses
of July and Augrast; there was the usoal high oxygen content at the
surfnee, n marked deorease throughout the thermocline, o consider-
ahle increase in the deep water just below the thermocline, and finslly
0 notable deceesse of oxygen ot the bottom.  This oxygen distribi-
tion in Long Pond might represent n mather distinet and common
Lype of oxygen distribution, or it might have been o stage in oxygen
depletion which wes approximating the conditions of oxygen distribu-
tion 48 found during the August analyss on Snow Pond.  These 8
Jakes and pouds represent all of the distinet types of lakes with re-
apect to distribution of depth, temperature, and oxygen which were
encountered nmong the romaining 45 lakes noed ponds,

The depth to which the upper warmswater luver (above 70° F.)
had extended by August was definitely mlated to the size of the par-
ticular lake or pond: the woarm laver extended to grenter depths in
the larger ponds (o0 Tuble 1), These depths ranged from a mini-
mum of 12 feet In the smallest pond (Sandy) o 33 feet In the largest
(Great Pond) The averages of depths for lnkes of varions size-groups
ranged from 17.3 feot for lnkes of 107 1o 500 aeres in area, to 25 to 33
fect in the largest of the lakes (see page 16}, In addition to Bast Pord
of the Bolgrudes and Cochinewsgan Pend, both cited in the preceding
paragraph, six other ponds were =0 shallow that the upper warm-
witer layer extendod to the bottom of the entive pond wrea, namely -
Satuttug, Tovejoy, and MeGrath ponds, North Pond of Belgrades,
and Androscoggin und Pocasset lnkes. The remaining 45 Inkes, ie.,
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Figure 1. The wvertbenl disteibution of tompenture, disolved oxyeen, und
plt of the water ;0 Aubarn Lake, Phsssant Penid, and Cochmewsgan Pend, ns
ditermiend by aanlysss munde st throo dates dunng the summer,  Daga are from
Table TI.  Figure 1 is ot oppesite page.

Figure 2. The vertical distribution of terporatore, dissolved oxyvigen, wnd
rﬂ of the water in Long Poad of the Belgrades sud Snow Poqul, ws detormined
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TABLE IT. Warter analysss, Yertical distribution of temperature, oxygen,
and pH in the akes and ponds, from analyses* made dnruum'
summer of 1910**

Depth | Pemper- |
Lake, locatian, date, time, statian, in uum:'"ﬁ :
watnr ahpth ot feet e 8 ppni. | pHeess
s.m.\'rn's POND, P.as0. Surfam | 85,7« B9 7.5
Groene & 5.5 o
Androscoggin Co. 1 .3 59 74
Juno 21, 2:00 to 2:18 P.M. 15 5.3
Stution: 3§ miluwntol Murr Point. 17 8.4 75
Depth of water: 18 1. 3 .1
Northwest bmu Wavos: | inehes high.
TAYLOR POND, P 392, Surface | T4.8% 8.4 |
Auburts Twp, Anarascoggin Co. a 719
Aag, 22, 1000 16 10445 1M, w | 719 Sk ok
Station: 200 yds. porth of center of the ?’ li]'tl‘.ﬁ 8.1 7.1
Dvpllu ol wator: L 1L 25 57.3 4.4 6.5
North brecmr. Waves: 3 inchies high, a0 .7 1.0 6.2
35 380 pll
i 536 1.l 6.2
R 540 i oA
LOWER BRANGE l‘OND. . 898, Surfnee | 738 9.1 7.1
Polnnd Twy., An in (o & 73.2 o =
A l 140 to 1:45 1) n 73.0 ==
S = 1/ mile from x5t oo of 15 72.06 9.3 7.1
po.d 20 568 7.8 8.6
Depth of water: 30 f1 235 551 3.6 6h.2
North windl. Waves: 10 pnehes, a0 404 I o
a5 48.0 0.3 6.1
MIDDLE R'\\OB POND, P-lﬂ). Surfuoe | Sor 8.8 7.1
Polaml Twi, moﬁm 13 Th 4n =
Augz, 10, FEI0 AN, A0 AL 15 % s 0.8 71
Statioar: 5 mile noeth of center of 20 57 0 e
pond. 2% 45.9 ns
uq-u. of waters B0 f, a0 6.2 84 6.1
No wind  No waves. a5 Hod ¢
ian 430 xxl
A5 42,4 7.0 6.2
an 421 A e
o 42.1 7.1 6.l
a0 41.9 . )

* The bvstlon of sech waber-wmalysbs sation e indiateat by the apmbel & on B seeongeny~
Ing wlm mw-dlbyuldv.
1 analysee wers nsde durng the ssauner of 1000, u-mhrun-nﬂuu( mbv.on
Omll'nn of the nahm«h m-mrmuu Fain 1057 and o snckontad.
"‘Ul:h t'a‘n.- " unp:'oo}u!n:owhn': p‘-'liwwol A
worn takeo wi el st of two type: Negrwit )up

pppeadel 0 surfao Lo poenlian wilk & pocket Cleemsncber,
wess 'ﬂll few en«;uxu. ulpn Wl .r 10 0 W lusive wesn (o ate ruado with Browe
erwol Purph ladi  all yaloes of 6.4 10 7.2 wero with Bromthyuist Blun, and valus of 7,
wero with Plennl f indinacir, The wrrptines are o Indiesind in the talide,
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TABLE II. Water analyses — Coatinued

Depth | Temper-
Lake, location, date, Sime, station, in oliare: “Oxynan:
water depth, eto, feet . PP plt
UPPFER RANGE POND, P50, Surface | 77r "o 72
Paland Twp., Andrascogein Co 5 Ohver 75 ) o
Aug 10,230 1o 3330 P M, 10 Ower T4 Y
Station: nenr center of the pond. 15 o 9.5 V.2
Dopth of water: 35 fe, ) 20 M.l (N | 0.
East breeze. Waves: 2 inchas high, 25 7.7 5.2 63
an +4.9 L 6.1
35 “as s i
HOGAN OXD, PG, Surfoce | 71,0 74 6
Ol Tvg)., Oxford Co; 5 0.5 <5 At
Aug. 21, 10:08 10 10:45 AN 10 0.0 T4 70
)!;{m' inn: 155 mile from north end of 15 63 3 e N 6.4
pemed. 2 459 22 6.2
Depth of witer: 31 11 25 il '
North wiml. Wuves: 8 inches high. Pt %3 01 6.1
B P LI ks 46
WHITNEY POND, P44 Surface | J2.8% L) 7
Onford Twp., Oxfard Co, 5 28 2y
A 21, 1100 10 11240 AL 10 2.6 5.4 7.0
Station: 14 mile from north esd of 14 2. x4 7.0
pond, 20 o5 5.5 70
Dopth of watez: 24 (1, 2 5T vy T
North wind.  Waves: 10 inches
TRIPP POND, Taus. Surfuce | 81 ER1 70
Polsnd Twp,, Androseogge Co, 1 N 59 7.0
Auge 9, 2:00 to 48 PN 15 72 3% il na
Station: Y4 mile north of south end of putl 07 .4 2.5 6.1
the 5 LS 24 6
Depih of water: 28 it 2R 0.2 -
West breexs. Waves: 4 inwehes,
THOMPSON LAKE, 400, Serfnos | 74,08 01 T
Cxford Twp,, Oxdord Co. 0 VoL -3 A
Aug, 20, 1215 to 1205 PAL 10 2.8 Y :
Station: 150 yes west of Haye's Point. 15 Wi uh (]
Digpth of watee: 90 11, )] it B AN i
Stromg marth o wind. Waves: 310 high 25 50.2 LU | ()
an W50 g2 Tia
a0 A LU 0o
an 491 .
40 488 - ey
a0 IN.2 UM L}
ah as .0 ane
ril 7.5 U | o
S0 a7 L
ol 4050 o2 ()
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TABLE II. Water analyses — Continued

Tepeh | Tewper-
Lake, Joeation, date, ume, station, = ampr:: Oxygpen:

water dopt‘a feat P PP, pH
THOMPON LAI\I':, P400. Surface | 73.0 0.2 7.0
Poland “I'w i: euw Co. 5 73.0 y Ia
Auz.m 2: 5!0316 10 73.5 A
Statio mile northeost of Bire 15 73.5 X vl
| 20 734 e A
Dcptho‘wnm. T8It o 73.4
g north wind. Wavea: 4 ML high, a0 728 22 7.0
45 6240 s W
40 53,7 9.2 6.5
45 50,0 oy v s
5l 49 .4 9.2 6.9
il 450 E il
70 $5.0 s 3 nes
y vl | LRSS 0.2 6.0
(L 474 i e
PENNESREEWASSEE LAKE, P.416. Surinee | T4.0= »0 7.1
Num ’l\\& ard Co, & 74.1 Xl
Aug. 23, 1345 10 1030 AN, 10 7.1 "
Mloo eﬁmﬂvmdﬂmld 15 7.3 A apd
ke 20 743 8.5 7.1
Dcp‘lh of winder: 47 1, 26 663 7.3 v.9
porth wind. Waves; 211 30 80 .4 7 A
mﬁ 35 56.5 ) 0.5
40 065 i W
A7 5.2 0.2 4.1
TWITCHELL POND, P325 Surfien | 68 2w wy i.8
Greenwood Twp, Oxford Co. 10 a8 2 - o
Bept. & 4230 to 5:10 DM, 1 65 0 =
Station: 400 vds, west of Payne Ladge. 2 G5 .0 8.5 0.5
Dapth of water: 47 ft. 25 a1 7.2 6.0
Notthwest broeze, Waves: 0 inches high. o 522 4.5 5.8

35 405 = A
10 48.2 1.1 59
A iR 0y 5.6
BRYANT PPOND, 427, Surfave | 67 8n 0.7 7.0
Woodszoek Twp,, Oxford o, 0 | 67.6 s i
Sept, 4, 300 1o 415 PM. 14 67.3 .0 0.9
Station : 30 yde, ont feam the foot of Mt 20 01 8.0 8.8
Christopher. 23 61.7 7.0 8.2
Dupth of water: 40 [, 25 58 7 +.9 %.0
Strong nortbum wind. 30 500 4.1 8.0
Waves: T inches high g 13 2 34 6.0




TABLE IL. Water analyses — Continoed

Dvpth | Temper-
Lake, Juocation, date, titme, sation, in Qe [Omygen:
water depth, ote. fost °F. popan. pH
AUBLURN LARE 1428 Sudueo | 83 5% 1 7.0
Auburn Twp., Anc In o ) 0.1 =) A
Jume 28, 12361 to 2:10 AL 1 Hod ‘
Stadion: 35 mile et of Plae Poot, 15 LR : v
Depeli of waree: 1460 2) 0.9 101 7.0
Strong west wind.  Waves: G ioshes lugh. 25 ap.a el e
30 57T 2 101 s 0
45 5.7 LA e
A0 aln 102 6.7
S0 .8 3
(3] 47.8 10.3 6.6
T 478 "o ~=
s 471 01 ah
1 46:9 s ’s
100 8 .0 "
.tl;;l‘l’;’lix l..\l,‘\'l-l‘i P2e G Sarfav 2(':' 10.2 71
Ay » Andros n Co, ! 2. - <
July m,Mm 11400 A M. 10 720
Station: 14 mile vast of Pine Pamt. 15 7290
Depth of wiuter: 104 f1 20 0.2 0.2 8 |
South breezs. Waoves: 8 inehes high. 23 614 -
30 RN 0.2 (]
a5 a7 : y
1 a0 L) o
a0 40 s
ol 484 U fi.
T A5 .4 ; A
50 482 US| .5
0 7.8 g .
1 47T N "o .0
1 478 AN ada
AUBURNX LAKE, P42s Surface | 78 4% N 7.1
Auburs Twp. A\Jlummn o, ) 724 o' L
Ang. 22, 12290 to 1,45 PALL 10 724
Statiou: ' mide enst of Pino Point, 14 72.3 :
Depth of watber: 112 fe 20 721 : '
Soathwest broose, Wayes: 3 inobes Tigh, 3;3 gg v 7.
an 97.3 .1 0.7
W e o ’
A6 5240 by o
S 49 5 a4 .o
a0 s 0 be b
70 485 5.1 LY
N 482 ’ .
o) A5 0 70 .5
100 EEN] o :
110 478 T 4.0
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TADLE 11, Water analyses — Continued

T Depith | Temper-
Lavkw, Joeutaon, diate, e, slation, ! n wure: | Uxygen
witer depth, ebe foet b P pH
ALLEN IOND, P.437. CRufuw | TS e 0.4 H8
Greene Twp., Androscoggin y, ‘ b ‘o 2L e
Augg. 10, 10285 to 1100 AN, 1 Ta.8 N LI 4
Seation: 14 mile from south end of pomd, | 15 4.4 e
arxd 100 vds, off past share, i 20 S0 A N
Depth of witer: 441t 25 193 A
Nowind, No waves an T 6l R
35 .l
‘ " 412.5 .0 o8
e 200 3 d's
g — !
PLEASANT POND, P4 } Sarfoce | 7208 a4 (Rt}
Tueser Twp,, Androseiggein o, | 5 71 A T
July R, (30 A M w2 P M | n &5
Seatlon: 144 mlle north of south end of 15 €54
e, 20 w0 S (]
Iepth of water 16 (1 25 50 o
Nowind, Nowaves A 2.5 (A1 n7
a0 4.5 e A i ey
H 45 .7 N n3*
M .4 ] {
Y plI oatae af 8 was scllh Brsnfh youl 1 .7 a4 0n.2
Blow sodicatay () 437
i | r——
VLEASANT POND, Paal. Surfaee | TG00 79 70
Turser Twp., Audmuu‘ziu Ca, l & W e \ {4
Jufy 23, 485 10 505 1M 10 4.4 )l
Statioe: 173 mile voeth of south emd of ] 18 .2
poaid, 20 [ LR 7.0
Deplle of witer: G118 l 28 7.3 L5 i
South broess. Waves: 2 incles Ligh. a0 M. 1.1 6.7
45 7.5 e s
40 5.8 ad hot
‘ 30 R >
wo " LU H2
1 i - "y
PLEASANT POND, P41 Surface | T4 8> L] 7.0
Tuarsér Twp., Auldroscozgis Co. 3 48
Aag 17, 845 to 9480 AN 1o 4.5
Sution ! 1/8 mike north of south end of| 15 4.5 .
e promd. L 1.9 1.4 )
Depth of wnter: 68 (€ 25 M. :
No wisd. No waves. H U 11 3% ] 12:8 0o
W 8.2 e :
A 50 79 L1 |
M 4.2 s A
(] 2 M ] 4.0 6.1
[ 3.8 a4 e

45
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TABLE 1. Water analyss — Continued

Eepth | Tempor-
Lakse, Jocation, date, tis, station, i sturg:  |Oxygen:
wates 1&9 ute, foot ‘F. PP pH
AI\DR(BOD(}GIN LAKE, I"464, Surfape | 63,35 104 6.7
Wayne &, naebee Co 5 68.13 o
% 90 ta 10:15 ‘LM 10 68.3 o e
Station: 14 mile northeast of Norris 15 083 o
Islund. 20 083 9.1 740
Deptholvmur 42 i, 25 65.3 0.1 7.0
No wind. No waves 30 68.3 54 7.0
32 67.1 re
POCASSET LAKE, P.ass, Surfaon | 0. 4= 1.3 74
Wiyne ‘l\?\ Kennebee Co, A .4 -7
\l‘ .1 16 to 11:45 A M. 10 68, ) 1. 7.1
2 2/8 mile northeass of the outlet. 15 BS.0 A Lk
lmhu!ﬂten 19 17 9.5 7.3
Nuethwest hreose. Waoves: 8 imchos Bigh. 19 £88.3
LOVEIOY l‘O\'D, PO, Surfoce | 68 Q¥ " 6.9
Wayne vanchos (o 5 489 N
Aug. 20, l-mm 1:00 PAL 10 8.9 .1 4.0
Batica: | mido nocth of the outlet, 15 .7 Wi > b
Depth of water: 19 £t 17 .1 i
Northwest breeee. Waves: § inches high, 19 8.5 ai i
ECHO LAKE, PAT2 Surfaen | 70.9* 8.5 70
Fayetle Twp., Kennebee O 5 7.0 ho i i
A!g’.’»lll'lﬁA‘M !oll!il’M n 0.9 o
Station: 200 yids, north of Echo Iand, 15 70.7 88 7.0
Dupth of water: 111 ft. 20 3.0 7.1 6.4
Nortlowst bresos, Wives! 4 Inches high 23 s fr
% ali.i 6.1 .2
a 418 e
a0 48,6 4.9 6.1
an R A 3 ac
40 44.2 7.9 6.1
in 44.8 = a
&6 450 4.0 |
i 44,0 ) .1
7 43.2 4.0 .1
$3 42.8 ¢
15 2.0 - e
100 2.4 1.4 6.1
100 42 .4 e




TABLE 11, Warer analyses — Continued

Temper-
Lake, loration, date, tame, utatson, in ature:  |Oxygon:
witer dopth, ete. foot M (& ppm pH
PARKKR POND, V474, Burfoee | 7200 | S% | 70
Fayette ’l‘w& Renthes Co. 5 72.0 57 o
Aug, 25 945 1o 1100 A M. 10 720 9.0 7.0
Statian: 3 wile worth of the Headluzod, 15 TL.8 &
Deptl of water: 70 (2, 20 1.6 o
Sauthwest hivore. Waves! 3§ Inches high 23 | TL.b 7.8 56
25 LR [ hd
30 68.3 58 (18]
a0 a6 e N
W a0 an Ho
40 822 S 2
a0 a1 .6 +.1 W
Mh a4 S i
W a3 2.8 00
04 ald A ot
DAVID POND, P76 Surface | 18 04 (L8 ) 0s
Payette Twp., Kennebee Co, 3 07 .5 o ’
Aug. 28, LK to 10:45 AN 10 Ui 89
Seation: 172 mile northeast of thn nare 15 1.4 . e
rons, i the noetheen hadl of the poed. 20 1its 6 R2 4
Depth of water: 24 e 21 i .0 va e
Nov wind or waves 23 e R 2 h4*
26 bR 5.0 2
*pe dl svrdues of 6.4 were with Broweeresol *are
e dncdievelor.
DAVED POND, PA7(. Swrfwee | G800 | S5 | 48
Fayette Twp.. Kennebee Co {1] Wi h 5.3 .8
Aug. 25 11:16 to 11:45 AL 20 .2 4.3 [}
Station: 1§ mile north of south end of thel 21 o0
pomd. 25 .7 0.2 .0
Depth of water: 37 4, 40 LN 0.0 "2
No wind or waves, 3.3 :§:: 0.0 hdr
e ‘. PN S
Mhie p I valse of 6.4 v aoith Bronuzesnl
Frarple indigatar.
TILPON POND, P45 Sarface | M dn 3.0 5.8
the Twp., Keaneboe Co. 1) o2 3.8 6.8
Auge 28, 2:46 to 3:14 PM, 15 a2 2.8 5.8
Staton: Af mele north of south end of the 20 el @ 5.8
poed, 25 8.6 oK s
Depth of water: 42 it 30 0.4 1.2 A%
No wind or waves, L) 450 0.4 &8




TABLE 11, Water analyses — Continued

Depth | Temger-
Lake, location, date, titnn, station, in abure;  Axypen:

nmr depth, sto, fext ¥ PO pli

FLYING POND, P481. Sarface | 71 .20 8.0 7.2
Mount Vermoa Twp, lenachee Co, 10 71.2 S0 7.2
Aug. 23, 12:43 to 120 PN, 15 017 5.9 7.0

Station: 24 mile noeth of the outled, Ll aL.e
Degith of water: 807t 25 50.0 4.8 L |

Routhwest breeze. Waves: +inches high. 30 40.0 a6 0.l

a5 45.5 s I

40 45 .0 i.5 .1

5 446 3.4 0.1

ol 441.2 4.5 4.8

70 43.9 3.2 fi.0

75 4.9 Aoy oy

WORTHLE\' POND P Surfaen | 0870 4.9 1.8
F 10 8.4 e 3

Scpt. ¥ 1o 1 oo l' 15 08.2 v.4 0.8
Station: 55 wile north of “sonth ead of the 20 7.5 0. 0.8
25 583 8.2 4.0

of waler: 45 ft. 30 511 o

No wind or waves. 35 T8 §.3 5.8
40 46.0 & by

45 45.0 1.1 h.8

WEBE LAKE, P.503 Sterface | M (u 9.2 s

Weld ‘l\v?, Pravkhin Co. i 3.9 Je¢
Hept. L1, 10185 A M. 10 12:00 Noon 10 5.0 L | s
Ration! 34 mile st of maouth of Show- 14 83,0 24 e
man Brook, 20 3.3 5.8 .7
wa of wator: 421t 20 w33 B8 AL
Kerong west wind, Waves: 1 it. high. B 3.1 7.0 i
3:"» ggg 1.4 "2

*oll of G4 wax wntk Bromeresol Purplo in-| A AN 0.3 .2
53&!«. 42 ST dah -1~
SILVER LAKE F515, Surface | 068, T 6.9 0.5

Raxbury Twyp., Oxford O 10 30 \ g
0, 2:50 t 4:00 PM, 14 152 6 g =
Statlor:  1/8 mile sauthwest of Freoeh mn 2.1 o4 [ $5

Tadnrxl 24 24 o =
Depth of wotor: 43 (8 a0 N2 o1 0.7
Light bpize, No waves, 33 n2.4 3 =,
n 62 .4 T

GARLAND POND, F. 516. Surfame | 630w 2.4 (193

Ny Twp., Oxiord Co. 10 a0 ‘) .

Sopt. G, 1125 A M. to 12:30 ¥ 15 62.2 : :
Station: I/Smxluodtlwmlddl«dumuef. n G621 9.4 (1
share. 25 Gl 2.4 3}
Dupth of water: 41, w | 577 14 58

No wind or waves, 35 52.7 oF
40 51.0 1.1 5.8




TABLE II. Watee analyses — Continued

Depth | Tempers |
Lake, loontion, date, time, =tation, in nture; Oxygen; |
waler depth, etc. feot P pp.m.
NORTH POND, I"521. Surfnes | 68 4w 9.3
Woixlstack Twp., Oxford Co 10 084 oK)
Bept. 1§, 1:20 w 2:15 .M, 15 088 .4
Statica; 100 vas, off middbe of the esst 20 s .0 9.0
shoee. 2 1.6 3.3
Depth of water. 37 ft. w | w83
Nearthwest wind.  Waves) § inches high. ) 4.8 (.0
SOUTH POND, P22, Surface | 08.0x .6
Greenwood .. Oxford Co. 10 47.6 S
Hopt. 1, 11:30 A M. to 1250 P.AL 15 | 660 08
Statica: near the center of the pond. 20 0.2 fl
of wider: 85 {1, 25 4.8 9.5
Neatbmesl wind, Waves: 8 inches high, is us.7 Ve
a0 61.0 8.7
i 53.4 8.7
40 40,0 8.7
45 .9 N
al 45.0 8.4
] 45,9 0.6
fid 4.7 :
PURGATORY POND, P. 635, Surface | 069,18 8.5 J
Litehfivld Twp., Kennebee Co. 4 o1 " NS
Aug. 26, 12:15 to 1:18 .M. o (U | 8.7 A
Stution: 34 mile northeast of the south 15 (SR} o
end of the poad. 20 7.4 7.1 -
Deprtl of water: o (e 21 .8 Vi A
Nocthwest breeae. Waves: 3 inebes high. 22 2.0 <k A
23 50.4 s o
23 hON | 1.5 6.2
a0 516 2.4 6.2
HS 6.8 LAk A5
) 4“0 1.5 0.2
S 3.2 2.8 a.1
5] 12.8 D4 6.1
o 42 .4 Y s d
SAND POND, 1.0, Surface | 05.n 5.8 7.0
Moamouth Twp,, Kennaline o, 5 .2 .
Ang. 20, 9:30 o 1100 AM, 1 8.0 - o
Station: /4 mdle oocth of sosth end of the 15 0.5 8.5 0
pand. 18 6.4 A
Deptli of water: 84 ft. A a4 5.4 2
Northwest hreeze. No waves. ™ 180 5.0 B
o 45 .4 (| 2
4n Gl = .
L 2.4 T4 2
ahn 41.7 a
) 10.7 7.0 2
iy HAURS L) = 3
[N} 0.7 5.8 2
15 300 2
i 0.3 zZ
7 0 1.1
50 $0.2 4

49



TABLE 11, Water analyses — Continued

Depth | Tempes-
Lake, Jocation, date tiww, station, n ature: RO
water degith, ote, feot *F, p.p.m. pH
COBBOSSERCONTER LAKE, P.663. Sarfuce | 7.2 58 Y
Monmoath ., lennebee Co, 5 6. i
Aug. 8, 1200 Noon to 330 PAL 1 5.6 ’
Statian: 1 mile southwest of Cram Point, | 15 5.0 s :
of water: 100 £t 20 718 T4 0ov
No wind ar wuve, 5 7
30 1.y 10 G4
35 8.4 <s A
40 a7 4.0 .2
44 54 ¢
a0 el a4 %2
140 .5 4.7 4.2
0 8.7 48 6.2
84 8.2 14 6.2
M LYt 10 6.2
1Y) 738 3.0 0.2
10 " e <5
ANNABESSACOOR LARKIC 671 Surfoee | 63 On N2 70
Monmouth 'l:r.. Kenneber Co, 5 68,0 , “
Aug. 27, 2545 W 10645 AM, 10 as.0 - 334
Ktntion: % miln west of wouth ond of | 15 | 67.8 g2 | Ta
Cide's Talaml. 20 G7 .0 o h 35
Depth of water: 47 G 25 o7 i 5.0 5.5
Narthwest hvwzo,  Wawes; 3 inches high. 0 5.4 0 hs
44 0.2 0.2 Hha
This pll oodue of G4 ey wath Bromeresd 10 w1 0. (I}
Furpds imtiontor i A2 ' ;
COCHNEWAGAN POXND, P42 Sarfuce | 63 .9% LU | 70
Manmonth Tup., Renncher Co, b 6.2 A2 A
June 25, 1345 to 245 PO 10 w2 101 7.0
Station: near cender of the pond, ih L .rd RS
of water; IS 1. 0 .2 A Vals
Flast wind,  Waves: 3 inehis, o5 3.0 a0 (]
COCHNEWAGAN FOND, 672 Sutfues | T6.0» .3 |
Monmonth Twp,, Kennobsee Co, a Ja.n RS o
July 24, 1:15 ta 1:45 PAL mn F5.0 "e |
Staticn: nese center of the pond, 15 7.7 e 5
Depah of water: 27 11, 2 o, 0 > A
Remth wind . Wavws: G inchos 25 [ 5] T4 n.T
COUHNEWAGAN MOND, P72, Sufaee | TTe wn 7.1
Munmouth Twp., Reopebee Co A A ity baa
Aug M6, 12005 ta 12245 P M m 46 S8 71
Station: near eenter of the pund 15 .0 s o
Diepth of water: 20 ft. 20 LA e b
South hetoxe. Waves: i dnerbs, 24 Sadte v.2 .0
20 L] g 4




TABLE [I. Water analyses = Continued

—

Dcpth ’lempen-

Lukn, leeation, date, time, station, Oxymen:
wuter depth, ete. icet 'l' ppan. pH
WILSON POND, PA73. Surface & 71,8 5.9 71
Mommouth Twp. , Kenntbee Co, ) ' 1.8 e ==
Aug. 23, 9:15 lo wm AM 10 1.8 . ¢
mtm, 14 mide north of south e of the IAS’ r.itl)g 9, 71
kplbohnler 21 25 i, 1 2, 64
South wind, Waves: & mehes high. 40 7.6 e
H 56.0 0.1 H.a*
*Thie p 3T oeve of G4 wos weth Bromerval 44 63 .6 0.0 {
Prrple tndicatoe.
DZ.\"]‘[(R POND, D671 Surface | 71w 81 7.2
Wayne Tw l\nunch«('o. A5 721
Aug. 23, 1 A6 ALM. to 12:30 P.M. 10 2.1 76 7.1
Station: owar venter of the pond, 15 63 .1 3.7 0.4
Depth of water: 22 f1, 20 52.7 23 6.4
’*onthwut brecze. Waves: 2 inches igeh,
BERRY POND, P75 Sutfoce | 710w 8.2 7.0
Winthrop Twp,, Rennelee Co 6 1.0 A Vs
Aug. 23, 1:30 ta 220 PO 10 | 718 Sl 7.0
Stative ) near conter of the pood. 15 . 6.4 5.9
Deotb of water: 26 fr. . 20 gt 0.6 6.3
beast hroese.  Waves: 4 inches kbagh, 23 o 0.0 6.3
a0 B | 'eo A
AMABANACOOK LAKE, P47 Syrface | 60, 8n 0.3 7.0
Winthrop Twp, Kenaebee Co. & 68.0 b ixg
Aog. 27, 1245 to 240 AL 10 5.4 v by
Station: 1 mile nmthmnt af the outlet. 15 8.4 (U] 7.0
Depth of water: 106 ft. 20 8.2
Northwest lmwu- Waves: 3 incbes high. 25 7. 84 7.0
a0 6.5 7.0 6.4
35 51.4 72 4"
40 494 $vs i
45 a7 s ho4*
50 46.0 s
a6 4.4 8.7 0a*
il 3.7 iy A
65 3.4 Sh 54"
5 3.0 85 00 o
30 3.0
'Th‘ M oondsew of 6.8 avee with Bromeres 0 428 5.1 6.2
PN, 100 42 4 S0 6.2

al



TABLE 11, Water analyses — Continued

5 Depth Wnpuh
Lake, looation, date, time, station, in atnro: {Oxygen

water depth, oto font . pil
TORSEY. POXD, PATS, Surfare | TO G0 in
Mound Vermon Twp, Konmebee o 10 Ju.4 0.9
AUg. 24, 005 o 1N ALM 2 o | 0.0
Stotsun: 1 mmle south of noeth ond of e 23 6.2 6.2
panl. 24 f9.0 N
Depth of water! 44 1. ) 55.0 2
Northwest v, Waves: 3 (e high. -an 625 b
1 3.8 bl

[N Al .

NARROWS POND {(South pm). 1" ast Surfpce | 00, In s
Winthrop Tup., Kennebee Co. i (08| i
Aug. 20, 020t L0 AM. 10 1554 s
Etation: 200 ydv, off the middle o the 15 684 Rl T
south shom. &) 640 ' T

Depeh of water: 103 [t 24 7.0 :

No wiml or wavien, 25 2.3 ¥ =
Kl 478 { fi 0
an PN -
" 28 N 6.
45 1.7 :
S| #20 | T e/
55 | a0 | 5
) ana 0.2
all s %
= w03 6.2
W a0l -
1 Wl 2

NARIOWS POND (Narth L Ias2. | Sadace | TO.2w v2

Wintheop Twp., Kennebee Co, mn 61 52

Aug. 29, 1000 140 PAL 13 68 5

Stabion: 173 mile north of the surrows. 20 wa2 1 .G

Depth of water: 55 11, 20 51.4 0.1

Noowind ve wnves 30 171 (8]
a4 430
an 128 1.2

Yl selues of B weoe oth Bromeree g 1) 2.4 :

Poer ple an 42 3

SNOW POXD, ', 668, Surface | 46 .20

Sidoey Twp., lenucbee Co, 10 G5 .1 .

Jaly 3, B:15 to 10:40 ADL 20 .2 T

Stution: 174 mile northenst of Submergd . i 0 -

Eslared. 10 Gl 5 "2

Depal of widee: 100 e 43 5.7 e

No wind or waves. 48 a7 0 .2
5 e 4.5
3 4404 W4
" 47 5

451 a7 6.2
43,9 5.2 U |
43.2 5.7 (18 )
432 0.1 0.1

52



TABLE 1L. Warer analyses =~ Conrinued

Depth | Temnper-
Lakce, Joration, date, tivee, station, in atun; leyim:

water depth, ete, fout °F. P, pil

SNOW FOND, PLoos, Swfoee | Th.2e 50 4.0
Shloey Twp,, Kenoneloe Ciy, " Xl R s
July 23, S840 to 10:40 AN 1A 785 59 6.0
Stution: 1/ mile porchesst of Saboierged ) (1 | = sid
Telannl B [ B (I A
Dapth of water: W7 1t 1] 1] ey = 3
No wind or waves, 15 .4 h.2 thd

el 551 0.2 q.3*

545 a1 BT 6.2

W 45 .8 6.9 6.0

70 M2 T 0.0

: sh | 437 6.5 | 6.

S0l of 0,3 evth Brvmdhgwied Hlav, W At £

100 4.0 08 )

SNOW FOND, Poas, Sarface | TZ.4n 75 4.8
Sidimy Twp, Kepnelwe Co, 10 2T e Vs
Aug, 22, B30 4o 1000 AN, 14 .y 7o .7
Statiosr: 174 mibo nortdiesst of Sutunerged 20 2.7 %3 A
1=land, 26 2.3 i3 L
Depith of water; 108 1 i 0.2 o 4.0
Northwest wind.  Waves: G inches high. 35 W 3.1 .3
0 i b "

G or .2 2.5 .2

hn ﬂz.l > "

06| 4d | a2

1 5.0 4.0 (N}
5 477 54 ’
in 452 L) UM

S0 N 1.0 AL

" o 4.4 Hn

1 M 4.2 .0

ANOW POND, P obs, Surfoee | TS5, M 5.4 T
Twp., l\'u:;zebu o 5 3.5 &) &5

Aug. 22, 2:80 to 330 PM, 10 2.5 5.3 7.0
Btation: 5§ mike noethenst of Beown's 15 20 Ay S
Muland, n 1.1 6. RN
Deptdh of water: 30 ft. 24 g Sy
Soathwest liveee. Waven. 3 leehes bigh, 40 8.0 4.4 0.2
y * w5 a1 6.2

a0 hi 6 0.0 5.0

“p o Gob ek bwth Brosathyoml B o | 45 .9 (K1) no
Browesesd Prerple. 45 o % :

o



TABLE II. Water analyses — Continved

DPepth | Teanpor-
Lake, lomution, date, time, station, in ature: z
waler depth, ete. fest P ppm | pH
LONG POND OF BELGRADES Suripee | 631w 10.0 5.9
ssouun rn), P72, 10 2.0 15 .
Bolgrade Twp., Kannoheo o, ) 626 0.9 (3%
June 27, 3:15 to $:45 P.AL 5 n2.2 -
Station:  1/8 mide northeust of Green 3 62,2 .8 H.0
M(‘- _ n 50 - tm >
Dapth of water; 97 ft. an 50,3 0.7 A
fouthwest hroeze, Waves: 3 inebes high. 343 g:lif 0y 0.2
3 47.1 .0 .2
() 4.0 sl -
m K] .6 2
=) 13.4 A e
M| 428 58 6.2
LONG POXND OF BELGRADES Surtsce | 0.0 A0 7.0
sith part), P.712, () 50 8.0 o
‘'wp., Kennoboo Co, I 70,3 - o
July 23, 2115 o 3:30 "M, 20 5.4 2 as
Sationt 15 mils northesst of Geoen 25 n.v 0 s
Island. an 583 7.7 (3% )
Depth of water: %1 fr. 5 A o5 X
Southwest hevear, Waves: 5 inehes high. a0 h 2 7.7 n2
1% .7 o< 5
) 5.0 5.0 hn2
&5 1.9 -
)y .8 2.7 6H.2
i ++.2 ars soo
] 3.0 o4 w2
8 13.2 3.7 .2
L] 2.8 7.1 L8 |
LONG POND OF BELGEADES Surface | 73.5% 5.0 T
(Boath AR ) R 10 73.0 .0 T
Belgrnde Twp., Kecneboe Co 20 2.8 53 Y
Aug. 22, 2:30 00 345 LML . 30 64,7 6.1 il
Biation: 1/8 mile northest of nven @n B 5.6 2
Leliand, B 5.0 i 73
Depth of water: 97 1L an w2 3.7 o2
Narthwoet beoran,  Wavee: 2 ineles high, 45 e ate a2,
o 456 6.5 .2
(1] A 6.8 0W.a
il B0 6.2
«) 43.2 1.0
N 2.8 5.1
LONG OND OF BELGRADIES Surtaee | TS 4w 3.7 TN
(Noarth part), P.713, 10 72.0 27 70
Rome Twp,, Kennehee Ca, i) 2.5 s
Aug. 22, 4:00 ta 530 PAL, 25 7.1 7.7 0.7
Statlan: 14 mido west of lalet from Coreat = 61,0 a0 6o
FPand. an 62,1 e S5
Depth of water: 80 ft B 5 56.4 1.4 N1
No wind or waves 10 53.6 1.1 no
15 Ada s e
&) 51.4 3.0 6.0
&5 5.3 2.0 ()




TABLE IL. Water analyses — Continued

Depth - Temper-
Lake, Jocution, date, tisie, station, in ature ! $
water depth, ete. fort *F. P, pli
(il‘l;lu\’l' POND OF BELGRADES, Snlifgcc :777 9.5 7.0
Velgrade Kenneboo Cuo, 14 G7 e
June 27, 1597, 300 to 400 P06, ) s
Nation! 14 mle weet of the Up ol Adlen 25 1iG 2 {8
Peant. 7 L -~ gie
Depth of water: 34 11, 4 1) 2 G5
Stramg south wiod, Waves: 115 high. $2 il 82 4
33 ab N4 0.4
ORPAT POND OF BELGRADES, ﬂurf;ns w wu 7.0
l!tlgmd: Twp., Keanchee Co. 1 U (HH i
.lnm%,l 3. 000 to 1130 AM. 14 13
Station: 200 yus off middle of the northe 20 (59
mtvbotedlloyubhul 22 65
l)cpth of wutar: 80 1t 25 13 N
Bouthesst broexe. Waves: 1 imohes kigh, 27 (5
al (53 AN AP
32 14 R0 LH
33 an ' A
34 | a0 O
35 ab ah .
“w o8 T (5}
45 a7 o3 oR ¢
) il 7.7 .9
o6 05 oad e
38 a5 7.3 G.3*
S 01 raduon of 6.3 weeth Heowsthywsol Bl Gt &4 W G.d*
= - E hy, R
mlm.;.'r FOND OF BELORADES. urtice | T 06 | 7.0
CG Y -
Felgrade Twp., Kenneber Cao, 10 5 -
June 28 lm ur.mr.'mp\l 15 s To
Ration: mile wist of north end of 20 1 -
Hoyt's d.na. 25 1ty s -
lh-m of winter: 09 ft, 2 | w8 0.3 59
Sostth breege, Waves: 6 ineles high 30 [ s 5
31 %3 )
au " na
34 W <1
34 a0 ox v
45 it a0 1
a5 48 e >
a7 565 oh
8.8. 56 ‘ '
R 35 o :
40 35 - ()
- M '
45 33
T 53
ot W .
ab 52 .3
*o 2 vaines of 6.3 with Beoneth ysaol B 5% Al 8.2 5.3*

ah



TABLE [1. Water analyses == Continued

Depth  Tem
Lake, bocetion, date, time, stuthon, in atun
winter clopth, ete fret “F.
CREAT POND OF BELGRADES, Sn:l;fo g;‘; ;u
Holgeade Twp., Kennebee Co. 20 (599
.lml'lu Vto 240 PM. 28 (1 )
Station: 14 mile off southesst share of 30 00,8
Hoyt's 345 8.0
of water: 83 ft. 40 380
Southwest hreeze.  Waves: 7 ineles high. 15 354
By 23
55 5.4
ey il.%
03 a1.9
GREAT POND OF HELOHADES, Surfaon | T 8n 03
P 10 3.0
Belgrade Kennebee Co, 20 0 L)
Ju!yl?.m .\M to 12:90 P M. 25 [N
; vile off sonthesst share ol A o T8
" 5 a9 o5l 6n.4
Depth of water: @ ft. an ol 6.7
Southwest hreeae. Waves: & inches gk, A5 R thod
a0 TS | 3.9
55 8524 A6
o M7 56
a3 5.8 i
CREAT MOND OF BELGHADES, Surfaze | 73.0w $1 2
P.719, % e lm(z 773.: & o
Bedgrude Twp., Kennebee Co, 2 i 7.
.\lg 21, 0 A M. to 12:00 Noon. 25 .2 - Cis
Station: 14 mibe off southesst shore of ; 3.2 sl 6.5
Toyt's Idand. 33 2.7 ves AN
Dopth of water: 67 1, . 45 €30 340 0.2
Strong northwest wind,  Wawes: 10 40 .0 3R 5.2
inches high, 45 BN 3.5 6.1
50 58 3.4 (19}
55 5.0 1 6.0
1) &5 .8 3.0 6.0
hulﬂ'll POND OF BELGRADES, Surface | 62w 0.7 0.4
P 5 62,1} u.7 0.4
umu-n,u Twp., Somurset Co. 10 w20 0.6 6.0
June 28, 1:00 to 145 PM. 13 2 4 LN Gl
“t:;ﬁ“(;‘nk 174 mile off mouth of Cleur i (R LI L
)i
Phpth of watey; 201,
Novthwest hrevaze, Waves; (b inches high,
.




TABLE II. Water analyses — Continued

Depth | Tempers
Lake, lomtion, date, tine, station, in ature: [Gxygen:
winter depth, ete, feet o SPpLIL pli
NURI'U POND OF BELGRADES, Suarface | 700w 58 70
P Tan 10 700 83 70
ﬁnllhﬁt'ld Twp,, Somerset Co. 15 PRy ‘BT 7.0
Aug. 22, 5250 10 100 AN 17 700 i3
Station!  1/5 mike off moath of Clear
Trook.
Depth of water: 19 fe.
Narthwest breeze, Wavea: 3 inches high.
EAST POND OF BELGHADES. P.724. | Surfaco | 64,60 2.6 0.8
Caklond Twp,, Kennebee Co. 4 044 - e
Jtlm' ﬁ 2:4 ln 30 M, 1) 4.0 9.0 0.8
T mile north of south el of the 15 630 6 6.8
ol amlﬂ(ﬂfkolltlwwubm e 0 631 .5 0.8
eyt Abme = 83 0 0.6 68
Depth of water: 25 It,
Northwest heeeze Waves ) 2 inches high,
FAST POND OF HELGRADES, P72, | Sarfaee | 7450 5.4 (I
Sithdield et Co, 5 4.8 3.9 0.8
July 24, 11:23 10 1130 &.M. 10 T4.8 S ()
Station: 4 mile northeast. of centor of the 15 4.8 S0 6.8
20 Wk 8.9 2
Depth of water: 27 it 25 .2 1.9
Southwest hreore. Waves: & inchos high
EAST POND OF BELGHADES, P.721. | Surface | 72,00 87 6.8
Smithfithd Twyp,, Somerset Co, ) 2.0
Mg 22, 10:00 to 1035 A M. 10 &0 87 L
Siation: 1§ mie noctheast of tenter of the 15 1.8 57 6.3
pocud, 20 1.0 x5 68
fbplh of wates: 2 R, o2 o 8 G
No wind or wives, 25 T Lie 4
SALMON L.‘\!\E. P T4, surface | 64 4n "8 7.2
Bolgrado TJ o 10 LS 0.8 T2
Junom.2 to‘HoPM 15 3.3
Sation: mile eaxt of the oatler 20 2. 0.8 71
Dvpth af w'nnr' a7 it 25 2.2 05 70
Northesst brocze.  No waves. P 0.0 Nt
8 a9 o' (e 6HS
30 ard 0.0 LI
35 (1) ey 79 4
40 49,0 74 L
45 49.3 T i 4
ab a0 O\ A

57



TABLE (I, Water analyses — Gontinued

Lake, location, date, thne, station, in nlure Iih;vgen I
water depth, ete. font 8 pam. B
LA : = —
BALMON IAI\H, 725, Satface | T4 In uu T2
Py Kennebeo (%o, 1 741 o
24 900 1o 0 AN, 1 Ta.0 0.3 1.2
tion: 123 male east of the outht 20 704 i rie
Depth of water: 501t 2 8.3 b
Southwest broese . Waves; 3 Inches ludgls. 2 Ok 4 b o
¥ "2 0 .6 s
40 570 N i
e o83 a8 0.4
0 825 A0 a4
15 514 £7 .2
o 3 : oG
*M.MO‘X LAKE, P74, Sarface | T4 In 8.8 7.8
’lm Kenneber (0 10 741 R.7 Py
A 21,2 to §:00 P.M, 15 | 741
173 mile et of the outhel L1l 78 8 LB 2
ornw. a0 11 25 738
S noethenet wind.  Wavis: 18 26 73.0 A
inokes, & [ 4 LK)
8 634 .0 u.7
W [ 0. 0.4
R an 6 1.0 0.2
0 520 .2 4.2
4% a2 LU § 6z
M &9 : !
MeGRATIE POND, PN, Surface | T Ix 54 7.2
Bolgrade , Keamebees Co, 1 e 5.4 T2
Aug. 21, 83 lnlm AL 15 7401 5.4 72
Statson: male noetly of the ostlet into i) e R 54 7.2
“Satmon Lake. o) 734 54 72
Doptl of water: 27 ft.
Strong narthwest wind,
Waves: 16 tnches high.
('LMRW«\']’E.R I‘UND 1’815 Surfaoe | 40 .60 0.3 7.0
'l'wg Franklin 10 [N}
tbpk 3, 10216 AN, to u-.oo Noan, 14 (U8 | .3 70
SNIMII 200 vedn. off the middls of the 20 WA 33 ,
west shore, 2 054 10.4 7.0
Depth of water: 89 [e, 25 o4
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TABLE 1. Warter anulyses = Concluded

IDepth | Tomper-
Lake, location, dale, Ume, station, n ature; | Oxygen;
witer depth, et fents “F. s pH
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Depth of water: 40 i1, 20 M.T 5.7 5.0
Neorthwest beeese, No waves, o) 4.0
30 484 3.2 a6
35 48.2 2.6 Ve
440 452 5.6
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TABLE ITI, An evaluation of the ponds with respect to the sultubility of tem
content of the water for trout or salmon during the mloi:t erit
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TABLE 1L, An evaluation of the ponds with respect to the sultabill

of temperature and of dissolyed oxygen
content of the water for teout or salmon during rhe most critlea Concluded

late-summer period —
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those besides the eight shallow ones, were deep enough to maintain
a well-defingd thermocling; 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 lukes extended upward from the bottom teo
different degrees in the various lnkes.  In 10 lakes there was oo oxy-
gen deficiency (below 3 popan) at all in the deepest water; in fve
other lnkes there was only n relatively small stratum of the deopest
witer g0 affeeted. In 26 of these 45 doeper lnkes, oxygen deficigney
had extonded vpward to affeot ndversely not more than ahout half of
this deep water; but in 19 of these deeper lakes oxygen deficieney had
extended upward to nearly meet, just mest, or surpass the lower
limit of the warm-water layer.

The application of theso data on the depths at which changes in
the temperature and dissolved oxygen become critical to trout and
salmon, in the caleulation of water volume and bottom area in each
of the three important xones of vertieal stratification (upper and warm
Iayer, middly layer suitable for trout or salmon, and lower layer with
o deficiency of dissolved oxyvgen), has given a presumably more acous
mto picture of the importance of these factors. The enleulatod wataor
volumes in aem feot and by per cont, and the ealenlated bottom arens
in aeres and by per eent, for those zones present in each lake or pond,
are given in Table T these some date, by per cont only, sre repre-
sented graphivally oa the individaal mapy of esch lake, see Figures 7
to 51. It zhould be noted that in the 8 shallow lakes with warm
water extending to the hottom, afl water volume and all bottom ares
see, of course, included in the “Upper: warm, non-trout' zone. A
division of the 53 lakes and ponds on the basis of the suitability of the
water for trout and sslmon meludes:

Watee wirm o the hottom terosghont all doptle - o0 2 lakos sl pands

and the 45 deeper Inkes and ponds may bhe divided on the basis of
oxveen deficiency in deep water roughly into three categories, as
follows:

Na oxygen dohovncy, or almusd avow; 'm\ually

al) water with mére thun 5 p;un ol dissalyed
DRV { 10 bakos and ponds,

FPartin] oxvpen Mmm-y. al-wt 5} to 53 ol tlm
thovg water with more then G [I.p e, of dissolvod
ok 12 Inkios and pemds

Estremn caygen deficiency; bso than & paaa. of
OXVEE 18 st o all of “the doep water 17 lnkes and ponds

The dividing line between the above elass of shallow lnkes and the
three classes of deep lakes is not sharp. In fact, all of the lakes could
be arrenged it o series on the hasig of water depth, and they wouald
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range quite uniformly from one extreme to the other, Several lukes,
which are included in the above classification of deep-water lnkes, are
quite intermodiate in depth, either because they are generally shal-
low or beesuse they have only moderntely doep water over o very
limited arca.  Such ponds, marginal on the basts of depth, include
Whitney, David, Silver, North Pond in Woodstork, Annabessacook,
Torsey, and Great Pond of the Belgmdes, in all of which the upper
warm-water layor during August induded over 85 por cent of all
water in the lake; actuully these lakes are so shallow that for all
practical purposss they might better e ineluded with the 8 ponds
elazsed above as of the shallow tvpe. Several other ponds were rela-
tively quite shallow with ut lesst 75 per cent of their water volume
included in the upper warm-water zone, namely: Lower Range,
Twitcholl, Gardand, Berry, and Dexter ponds, Wilson Pond in Mon-
mouth, and Pennesseewssses, Wabb, and Salmon lakes. The degroe
o whieh aoy good trout or =ulmon wiater might be maintained in
these relatively shallow ponds during late stnmer i3 closely depen-
dent on the mmount of osygen deficiency in what lirtde cold water re-
muing during Jate summer. 1o general, most lakes of this type are
poor, ar abl best only fair, troul or salmon lakés.  The precoding classi-
fication of the 45 decper lakes into three categories on the basis of the
amount of dizsolved oxygen in the deep water alsa involves certain
difficulties because the dividing lines are not sharp; und all of theso
waters could be arranged in a graded series from one extrome of oxy-
gen deplotion in deep water to the other extreme, There were gev-
eral lakes with no oxygen depletion (Le, oxyzen below & p.pm.) in
decp water, such pz Thompeon, Auburmn, South, Clearwater, and
Fmbden; several of the deepor ponds hud only & =light amount of the
decpest. water with less than 5 popm. ol dissolved oxygen, such as
Pleasant, Flying, snd the south part of Narrows Pond.  lu all of
these ponds with very litthe or 0o oxyvgen defiviency; between 40 and
61 per cent of the totul water volume wus ineluded within the trout,
and =almon zone, and oxygen depletion had affected only from 0 0 3
por cent of the total water volume. Tn some ponds, sueh as Allen,
Worthley, and Garland, from 15 to 30 per cent of the total water
volume was ineluded in the trout and salmon zone, and oxvgen deple-
tion had affected only from 5 to 10 per eent of the total water volume,
Only from 5 to 15 per cent of the total water volume remuined in the
tront and salmon zone in Salmon, Long Pond (north part), Berry,
Cobbosseeconiee, Webb, Parker, Bryant, Twitehell, Pennesseowns-
soe, Lower Range, and Taylor; and in these ponds oxyvgen deficieney
had afected from 9 to 37 per cent of the total water volume, In 11 of
the decper ponds oxygen deficiency, together with the effect of the
uppor warm-water layer, had completely oliminated the trout or
salmon zono by late summer, namely. Hogan, Tripp, David, Tilton,
North Pond in Woeodstock, Purgatory, Wilson Pond in Monmouth,
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Dexter, Torzoy, Snow, and Great Pond of the Belgrades, In three of
these ponds, namely, Tropp, David, and Torsey, oxygen depletion
was 0 extreme that its effect extended upward above the thermoeline
to overlap with the warm-water zon.

As g summary of this discussion on the suitability of the water of
these &3 lakes and ponds for trout and salmon, these wisters may be
elussified on the busis of the melative smounts of water snd bottom
arca in the trout or salmon sone durng late summer into the follow-
Ing categorica:

Ezcelent frout or salmon awaler, with at least 40 por cent of the entire
volume of the Inke within the trout or saimon zone: 13 lnkes and
ponds: Middle Range Pond, Upper Range Pond, Thompson Lake,
Auburn Lake, Echo Lake, South Pond in Greenwood, Clearwater
Pond, Wilson Poud in Wilton, Embden Pond, Plessant Pond, Fly-
ing Pond, Sand Poud of Tacomns Lokds;, and the south purt of
Narrows Pond, Total area of theao lakes is 12,658 neres,

Good frowt or salmon water, with from 25 to 40 per cent of the water
volume within the trout or sslmon zone; 5 lakes and ponds:
Muarsnacook Loke, south part of Long Pond of Belgrades, north
part ofF Narrows Pond, Worthley Pond, and Allen Pond. Total
aren of thesoe lnkes 5 3,845 neres,

Fair trous or calmon waker, with 10 1o 25 per cent of the water volume
within the trout or salmon zone: 9 lakes and ponds: Garland
Pond in Byron, Sandy Pond m Embden, north part of Long Pond
of Belgrades, Lower Runge Pond, Pennesseewassee Lake, Twitehell
Pond, Bryunt Pomd, Parker Pond, and Berry Pond  Total area
of these lakes is 5,170 acres.

Poor trowt or salmon waler, with 3 to 10 per cont of the water volume
within the trout or salmon zone; 5 lakes and ponds: Taylor Pond,
Whitney Pond, Webb Lake, Cobbossecronter Lnke, and Salmon
Lake. Total arven of these lnkes 18 9,046 aores.

No good troud or salmon waler, or practically none, with less than 5
per cent, nnd mostly none, of the water volpme within the trout or
aalmon xone.  Included sre 13 lakes and ponds, deep enough to
madntain a thermocline, but with oxygen deficiency, namely: Ho-
gan Pond, Tripp Pond, David Pond, Tilton Pond, Silver Lake,
Narth Pond in Weodstock, Pargatory Pond, Aunabessacook Lake,
Wilson Pond in Monmouth, Dexter Pond, Torsey Pond, Snow
Poad or Messalonskee Lake, and Great Pond of the Belgrades.
The total area of these lakes is 17,556 aeres.  Also included are 8
shullow lakes and ponds m which warm water extended to the
bottom in the deepest water, namely: Sabattus Pend, Androscog-
gin Lake, Poeasset Lake, Lovejoy Pond, Cochnewngan Pond,
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North Pond of the Bolgrades, Fast Pond of Belgrades, and Me-
wrath Pond.  The total ares of these lakes iy 11,257 seres. The
total area for the 21 lakes in this eategory is 28 813 acres.

The above classification represents the first lep o an cvaluation of
the suitability of the water in these lnkes and ponds for trout and
sulmon, This classification i made on the basis of volume of water
within the trout and =almon zone; but this elassification is also gen-
erally applicable 1o the amount of bottom aren, for the amount of
water volume sid the amount of bottom area within this sooe were
mostly in the same proportion.  The same difficultios were encoun-
tered in the above dassificntion of these lakes, ag based on the volume
of water in the trout and salmon 2one, a8 would be encountered in
dividing any graded serivs into groups.  There were numerons border-
ling cases, as follows!: Plessant Pond had 40 per cent of the total
water volume and 53 per cont of the total hottom aren within the
trout and salmon gone; for Sund Pond these same figures were 42
and 54, respectively; and for Echo Lake they were 43 and 53, These
were among the lowest figures for ponds elassified in the above ss
“excellent” trout nad salmon waters. The best of the ponds classi-
fisd 8 “good™ trout o salmon waters incloded Navows Pond (north
piart) for which the figures werr 38 und 38, and Long Pond (south
part) for which the figures were 30 and 53, The differences between
the poorer of thost classified ne “excellent” and the best of thoso
clussified as “good” were no greater than thi range smong the ponds
clagsad ax Yexecellent' or the range among those elassed wx Vgoad "
Similar diserepaneies are pressnt hetween the elasses of “fair' and
“poor.””  The poorest among those classed as "“fair' were: Bryunt,
10 and 9; Pennesseewassee, 13 und 30; Twitehell, 15 and 18; Parker,
13 and 13; and Berry, 10 and 14 Among those classed ss “poor”
were; Webb, 6 and 7; Cobbosseecontoe, 6 nod 7, and Sglmon, 6
and 7.

The above classifieation of the Inkes and ponds on the basis of the
suitability of the water for trout wod sslmon takes into wéeount only
the charseteristics of the water itself,  In eviluating lakes and ponds
for their ahility to support trout and salmon, and for the degree to
which the waters should be stocked with these fishes, other {actors
must he considersd such us the amount of competition afiforded by
other species of fishes, the abundance of the food =upply, and the
siitability of the spawning grounds, (See page 218, on “Stocking
Recommendations,"'} '
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PLANKTON OF THE LAKES AND PONDS*

Luke water contuing snormous numbers of miercscopie animalks
and plants which are eéither free-floating or which have such a weak
power of locometion that their swimming setivities are mostly inel-
fective apainst usual currents of water. This populstion of small
pnd frec-flosting animals and plants 1= collectively referred to as
plankton, The individusl organisms of the plinkton are referred to
as planktonts, or preferably as plankters. The Inrger plankters may
be eolleeted by ateaining lake water through o fine-meshed eloth, and
sueh organisms colleeted by plankton nets of No. 20 =ilk bolting cloth
gonstitute the “net plankton,"”

The casual obesever on a lake is usually not aware of the prosenes
of thess plankton organisms even though there may be several thou-
sandls of individuals per cubic foot in the sarface laver of water. A
eloser than sverage serutiny of lake water reveals, to the unaided oye,
many of the larger snd more aetive plankters such as the water fleas.
Oecasionully in some Mupine lnkes some specivs of plankton algae be-
oome = abundant an to grostly chisnge the color of the water to a pals
greet. Dunog sich “algao blooms™ the algae may colleot in o seum
ot the surface or bo blown up in wmnsll wind-rows along the shore
line.  Some of the nnimal plankters, alw, eccasonally boecomo ox-
tremely abundant.

The plankton, within itzedl, 15 a comples community of dogens of
Individual species of poimals and plents. The nlgae manufactiune
their own food from inorganic substances, and the animal plankiers
feed mostly on the plant forme  Thus there 5 within the plankton,
the beginning of s food ehain which leads to the mportant food and
game fshes of our Iakes. The plankton and the bottom fauns {see
next section of this report, page 82) are the two important basie sources
of food for lnke fishes. The young individualzs of mest fishes and the
adults of some of the smaller species of fishes, including small smelts,
feed mostly on plankton, and partioulsrly upon the water Hoas (cope-
pods and elndoeerans).  The larger game fishes in many Maino lakes
feed mostly on smell and other small Aghes, and nre therefore indi-
rectly dependent mostly upon the ptankton,

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

* This cepart on "Plankton of the lakes and ponds” i by M, A
Goodwin, u William Converse Keodull Fellow in fsheries ressarch in the Grudunte
Sehoal of the University of Maine.



oceurs dunng spring and autumn, and minimum plankton popula-
tions occur daring [ste summer and Iate wintor, ‘The plankton popu-
lation also varies greatly with depth of water, nod the greatest gquan-
taty of plasakton wsually is found nesr the surfnce.

The present account of the plankton of the lakes and ponds studied
by the 1940 survey s based on an examination of samples colloctad
with a Birge Closing Nit of No. 20 =ilk bolting cloth. Samples of
plsnkton were collected mostly at only one station on each lake.
On 8 lakes samples were colleoted at three separate dates during the
summer,  On all except one of the lakes at least one serics of ssinples
was collocted during late summer, mostly during August, The sam-
pling was dono st the same time (mostly between 9 A M. and 5 P.M.)
and station where tosts on temperature, dissolved oxygen, and pli
weee made.  The loeations of these stations ae described in Table TV
and are indicated on Figures 7 10 51, The plankton net was deawn
vertically upward through a chosen depth moge, and at most stations
through the following depth runges: 15 fect W the surface, 35 feot to
I feet, 75 feet 1035 feet, and from the bottom up to 75 feet. The
depth range of the lowest haul in certain lakes varied from the above
tigires, depending upon the maximum depth of water. The net was
houled st the rate of approximately one-half meter per second, and
the coeflicient of the et was Ggured at 1.2+ the volume of water in
the sample oolumn was multiplied by 1/1.2 to obtain the volume of
water which pussed through the net. Two not hauls wero made within
ench depth range ot each station, The plankton samples were pro-
gerved in 5 poer cont formalin

Laboratory analysis of the plankton samples meluded & determing-
tion of the totul volume of all plankton, eounting of the orguaisims by
major groups, and an identification of the organisms mostly to gea-
ers. Bach field sample waa diluted or condensed to 100 o0 The
snmple was allowed to settle for at least 24 hours in u 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 tabe.
Counts of plankters were made in a Sedgwick-Rafter eall (20 x 50 x 1
mm.). Counts were made on the totul number of Cladoeera and Cope«
poda in ten of these one-c.o. samples. For other plasnkters, o single
one-c.¢. sample was used; and ten separate counts were made of the
organisms in & total of .01 e.o. of the sample, ench of these ten counts
covering one square millimeter or one enble millimeter.  These vol-
umes and gounts were used as o basis for ealeulating the average vol-
ume of all plankion, and the average numbers of different types and
of all plankters, per cubic foot of luke water within the different depth

—

* Tho officionoy factor of 1.2 for this type of plankton net hauled at the rate of
4 mutg-r por scoond wus given by Kemmerer, Bovard, and Boorman, 1923; see
page
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TABLE IV. The average numbers of different types of plankters, and the average volumes of all plunkton — Continued

vty | $4 (8% (2% 328 (85|26 |20 |0 [ge Az
iy - w - WS - T ] BT R B £ o
i 2 et | 2[R =2 |2ER (AR |53 (32| 2; e =
By 3
mw L | e o | 32 |82z ol 3434 ~4 B :
MM w SHwpmeT | | [SepEm s ] e ¥4 1
B s g L
3| # o om] | <beal xlaatngs
mw wilgdony |  etas B : 2] R
m weoinag | 08 (@ lav wu;m"nu GZ|® 8% R
- -
riapoy 4= |8~ {" b??“..w 13™ 2 { ™3 S g™
(moe) | 8° |28 1551863 52157 |£8 42 152 828
oty | 33 | B[R (358 [RE |5 I35 149 (331887
m.mmnmw = |m=les oy img)8n e |en a2l as
L s |dd |22 [mds |ws|2e [de |82 |<d | d50
- sicoagi gl gl alal.s
e |3 |Z|aR(zalad|amE
Mlu 8~ |m=l%,. g~ = 2 =~
e e [T %Ne 10| Te |22 Tan ]
jis £ |E 8RR fEE R R
= 2
| :
3 35 % |e |2 .m Ils
S F1RIE(50E




Yurgatary 150 0,47 1,071 s | | 2 .. b 5 114 n =
%? 3515 0.07 ‘55 23| .. |ln 5 22 " x 7
60-55% 0, 06 3 ) 8 : o 4= o
Fnrd #?o'” 50 0,82 AT xg o lg < 7] 2;”1 2 ﬁl’t
5% 3‘3; ﬁ: 2 1B o s Lk 25 4 10 o =
Cobbrtan conten Aﬁ.t 1h-0 0. 5% s 27 5 ol . - 2 413 0 =5
430 B 25-18 04 FETS 74 | 1) . X 7 4 [~ . 7%
75-83 0. 08 e X115 % A~ " 1 1 2 *
Annateseresok 7 5O .t L7 (T " 5 9 s
ﬂ"b.\ %n-u 0,11 ; ﬂg i | oL .8 x - 2 -
cow o 1540 v AT aur o s . » » ma 8 L 3
25 2513 33‘1’ 108 Fid 7 ? . A 5 149 = 198
F] Y an 5 " % '] a0
& 3 150 0,33 97 o 0 1 14
Aug. 30 150 047 oo e “n . " o 71 ‘o 148
1250 P 25-18 o4 e ) L il P 7 71 ‘e 7%
Wiksem (P, 672 .23 150 0. are Wl [ = - 3 5 133
Pad A 810 . oL a0 - i . re = ' n
Laaster ufu 159 .5 dr T TS L TR e & 2%
16 A »
150 0.3 T3 142 . T35 I 0 =
Barry %g& a o
Mook 15-4) 1 112 218 5 | 15 sl 18 30 % Y
mW ol 33; [ 3 131 5 e v 25 rtl
o i 1 2 || el [ e 5o ¥ an 7o &
IN0-TH o it g5 03 LB I f G e r 17
Tomex N 8- 1.8 w2 1,20 1 " o= 5T a5 ' 208
Y 15 0018 ol (4 8 s 7l of] (b eail] B 5 a7 . 7
3 Tarr 3 10 048 = oy = i3 2K £ L) 68 " T
&P a5-15 0. 76 43 Y (B 76 LY - | = 11 N 28
75-35 0. 50 104 2 2 T v = ° " 1 £
19075 0,98 190 C o BT S s s AX 1 =S i
North Part %;o n‘f'.?.s o.:o gt ¢ U [ g o 12 ﬁ % v sat
38 o - 0 73 M 8 ) SR R et (g I [ 7




¥l

TABLE IV. ‘The average numbers of different types of plankters, and the average yolumes of all plankton — Continued
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TABLE IV. The average numbers of different types of plankters, and the average volumes of all plankton — Concluded
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strata of each lake (dats given separately for each lnke in Table 1V,
and averaged for all of the Inkes and ponds combined in Tuble V).
It should be noted especially that the values per cubie foot represent
averages for & considerable range in depth.

Records of the ocenrmenee of diferent genera are based solely on
those organisms encountered while making the counts ss deseribed
above, Verifiewsion of the identifications of the common genera of
Cladocera and Copepoda was made by Dr. Chardes B, Wilson of
Westfield, Massachusetts, for which the writer is gradeful.,  These
forma verified by Dr. Wilson were;

Diaphanosoma brackyurim (Lieven) from East Pond of the Bel-
grades

Daphria pulex (de Goer) from East Pond of the Belgrades

Daphria retrocuree from Long Pond of the Belgrades.

Polyphersus pedionlus from Thompson Lake in Oxford.

Holopedium gibberum from Thompson Lake in Oxford.

Hozovina longirasteis from Lond Pond of the Belgrades.

Mesocyelops lenclarte (Claus) from Bast Pond of the Belgrades.

Diaptomus poallidus Herriek (rom Bast Poad of the Belgeades,

The organisms collected from the 53 lukoe and ponds. and as enum-
erated from the samplog, ropresented nine major taxonomie groups of
animals and plunts, These groups and the important genera ane con-
sidered in the following (Generic pumes follow Ward and Whipple,
1918; and Smoith, 1933.):

Copepoda. The copepods, one of the groups which comprise the
macroplankton of fresh-water lukes and ponds, are sn important
source of food for most young fish and the adults of many species.
They, along with the following group, are commonly called water feas.
The two genera commonly preseat in the samples were Cyelops and
Diaptomus. The genus Cyelops wae more widaspread and more abun-
dant in the samples than the gonus Déieplomus  Usually, in any par-
tienlar body of water, the maximum abundanee of the forms of Cy-
clops was found at & lower lovel than the maximum abundance of the
forms of Diggomus. In some instanecs whore forms of Diaplomus
wers 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 eulturs of Cydops. However, in some of
the deep lakes the upper and lower levels were inhabited by forms of
Diaptomuy, and forms of Cyelops were found in the intermediste
levels; the inference is that this peculiarity in depth disteibution 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 intermediste depths, while the adult forms were present mostly in
the surface waiers and the deep waters. The maximum abundance
of the Copepod populstion, with few exceplions, was in the upper
waters; and the numbers decreased as the depth inereased, As o
whole, theso lnkes and ponds had o 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 drminage syatems in Maine (Cooper, 1939h).

Cladocera. This group, also culled water fleas, slong with the pre-
coding group makes up the portion of plankton termed macroplank-
ton. The Cladocera nre important, both direetly and indirectly, as
food for fish. In mast instances this group was outiunbered by the
copepods.  The commen genera ween Bosmina, Daphnia, Diaphaso-
soma, HHolopedium, Leplodera, nud Polyplemuy, of which the first
two were moat widespread and moet sbundant. Camplecercus and
Leydigia vere vave. [n general, Diaphanosoma, Holopedium, Leplo-
dora, and Palyphemus wene inhoabitants of the upper levels of waler,
Bosmina and Daphmic were more widely distributed in respect to
depth: of the two, Bosmine wag the most abundant in the deepest
water. The cladocermans were generally most abundant in the surface
waters, as was the case with the copepods

The comparizon of the ahundanes of the cladocerans of these lakes
with Inkes of other regions in Maine was simifar to the preceding
comparison given for the copepods, namely; n» greater abundance
than in the Rangeley Lakes, and an oqual abundance as in the lakes
und ponds of the upper Rdaco River and Sebago Lake drainage systems,

Rotifera. These charcteristically  fresh-water animals are small
but highly onganized. They are readily identified by the corona which
is one or more cilisated pads near the snterior end used to direct food-
hearing water into the digestive eavity. Every lake or pond was
abundantly supplied with one or more representatives of the group.
The genera most common in the samples were Anurgen, Palyarthra,
Conochilus which is o colonial form, and Notholee, Ralfuluy and Ana~
pus were rare. The rotifers wers found to be most common in the
upper levels of water,

Protozoa, This is snother group which has some very common rep-
resentstives in Iake plankton. The common genera encountered wers
Dinotrgon, Cerotium, and Actinophrys. Mallatonas, Epistilés, and
Synura were found oecasionally. In one instance (Flying Pond) the
gonus Synura was found to be s0 abundant at the surface that it gave
the entire luke u turbid sppearance, and eaused the water to feel
greasy when rubbed betwesn the hands.
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Zoophyta, Forms which are wsually elaimed by both Botanists and
Zoologists have boen placod in tho group Zoophyta. These forms
were not present in sufficient numbors to be of much importance to
the fertility of the lakes; in fact the Zoophyts wero the least phundant
of the vine major groups of plankters  The two genera present in the
samples were Voleor und Ewdoring.

Desmidiaceae. This group is a family of unicellular plants belong-
ing to the green algne (Chlorophyeese), In genersl, they wers not
sbundantly represented in the plankton samples.  The genera pres-
ent  were Stowrastrum, Closterion, Cosmarigm, and  Nesthediwm,
Stascrastum wias more or less comumon, hut the other geners were rire.

Chlorophyceae, All of the green algae, with the exception of the
deamide, were placed in this group, They are eallod green nlgas be-
cause of the presence of plastids which contain eblorophyll and give
them a gress-green color.  This groap provides s surety of forms
and a wealth of individuals to freshawater plantkon,  The common
goncra of this group were Miceactincum, Ulotheix, Diclyosphaceium,
amtl Seenedesmins,

Bacillarieae, Members of thie group, commonly called diatoms,
are found widely distribated in fresh water. T'wo geners of dintoms
were the most sbundant sud the most widely distributed of all plank-
ters in the samples; these were Asterfenella and Tobellario.  Frayi-
larie was common and Sphecrososma was oceasionally present in the
samples.

Myxophyceae, One or more forms of the blue-sgnen algae ane usu-
ally found in samples of fresh-water plankton, Occasionally a mem-
bor of this group may becomo #o profuse 48 to eause s “bloom.” Com-
mon genern encountered were Anobarna and Microvystiz; Aphani-
zomenon, Nostor, and Spindina were oecasional; and Coelosphaerinm
and Merismopedin were o,

All Plankton. The frequeney of the cecurrence of different geners
in the samples, and the records of occurrence of genera in the differont,
lakes, were dependent upon the numerical abundance of the ndivid-
uals of different genern, and muy therefore be used as an index of
their genernl abundanee in the lakes as & whole. The records of oc-
currence in different lakes may not be sa reliable an index of general
abundanee as the records of occurrenee in different samples; becauze
more samples were taken on some lakes than on others, and it was
found thet the greater the number of samples examined from any
given lake, the greater was the number of genera recaorded from that
luke. Sinee 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-
quafe to indicate the complete distribution of poy given genns among
the lskes as s whole.  In fact, it might be expected that most of the
geners oceurred in most of the 53 lukes and ponds, The figures on
frequency of occurrence of different genera among the 182 separate
plaakton samples, and among the 53 Iakes and ponds s& recorded
from these satoples, nre given in the following, in which the geners
are Asted within the different groups spproximately in order of the
numerieal abundance of individuals in the samples ns 1 whole:

Number  Numbor Nutsber Number
o o of aof
samples  lakes asmples  lukes
Co Zoophyts
ops . v 182 13 Valeos 5 2
Dwﬂwuu b=-1181 40 Buloran, .. ......, 1 1
Erpaihia:. 1 : Pesmidincene
Cladocera Stavrasteum | 43 ]
Heraswing 134 n Closterinm, .. .. .. 2 {
Daphwia 131 4 Cormayivm 1 1
Din’ahmum 08 S0 Xenthaidiom ] 1
n'nopnf(um . b 2
Leytod, 6 11 Chilorophyceae
de;nhw:u 7 i Miermctiniam . ... 46 5
e U R R
o poephaerinty
o 1 : Soenedesoenn ... 16 I
mﬁ.‘:r"m s 4 25 Bacillarieae
Polyerthim 38 o Aserdemella . ., 134 an
Convckilis 22 17 Tabedlaia. ..., .. 117 39
Notholou . . . 20 13 Frogilaria ., . 0 1
Ragulve, . 1 1 Sphacresme W 2
Anopwr . . 1 1 Misoukscens
o8 7 ﬁ::l&mm - B.g i
ey 7 40 erocysiis 3
Cerativmg .. . a7 33 Adphandzamaenon 2 2
Actinophirys . 12 1 Nostoc. . 2 2
Mallaseemos . i ) .cs‘pt'rulhm ...... 2 P
Bpintihia .. n 5 velovphaeri v 1 1
Synwra 4 1 Merismopedsn 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 suromer: early, middle, and late. BSamples from the
other lakes were all taken during late summer, The eight Inkes, from
which s seriea of samples was taken, all showed a gradusl decline in
plankton population during the summer. It is concludad, therefors,
that the samples tuken during August from the remaining lakes did
not measure the maximum plankton sbundanes.

In comparing both totul volume and numerioal sbundance of plank-
ton, and taking into considerstion seasonnl and depth vanations
these lnkes of tho lower Androscoggin and Kennobee rivor drainagoes
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rank high i basic fertility from the standpoint of plankton abun-
dance in comparison to the Rangeleyv Lakes, and have sbout the
samo plankton fertility as the lakez of the Sebago Lake and Saco
River dminaggs.

TABLE V. Thw avetuge numbers of differeat types of plankeers, and the
nverage volumes of all plankton, per cubic foor of lake water
within differont deprh strats of the 53 lakes combined,
during cthe summer of I'N9

Figutes given e this takiv are averages of all dets given is Tabds IV
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BOTTOM SOIL AND BOTTOM FAUNA
OF THE LAKES AND PONDS

A totul of 809 hottom samples was teken from 44 of the 53 Iakes
und ponds during the period from June 18 to September 11, 1940
(mostly during the months of July and Aagust). All samples were
taken in the daytime, mostly between 9:00 A M. and 5:00 P.M. The
samples were collectesd with Ekman deedges of o bottom srea § inches
by 9 inches square; photographs of this type of sampler sre giver on
Plate VI of Survey Report No. 2 (Cooper, 1930h). The depth of
water and type of bottom were noted for each snmple.  The entire
samples wers sereoned throngh briss sioves of two sizes of mesh, No,
20 and No. 40. Some swmples were serecned through the No. 40
mesh, while others were seveened through only the No, 20 mesh
gieves. The passible effcot of the nse of sieves of these two mesh sises
on the refiability of the results will be diseussed later. Al organisms
in the samples were preserved in 70 per cent aleohol for later studies
Samples wore taken ut points distributed somewhal evenly over all
parts of each luke or pond, with the realisation that, by o doing, the
samples would be distrnbuted, necosding to depth, in proportion te
the depth distribution of the hottom aven of each lake. The samples,
thoreforo, should ropresont, to the degeoe that the number of samplos
was adoquate, o true pietare of nverage eonditions for each lake ns a
whaole.

The bottom organisms were identified in the Iaboratory mostly to
Orders and Families. The number of individuals of each type was
counted. The volume of all oxganizms of each type was determined
by water displacement: volumes of less than 1 e.c. wore mensured to
the nearest 0.02 c.o.; volames of Jess thun 0.02 o.¢. were estimated in
some instances, or were determined by lumping several small organ-
isms, measuring their total volume, nod estimating the relative size
of each type. Volumes of over 1 .. were mensured to the nearest
0.1 e

Bottom Soil. A vanety 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 occirrence
of these types of bottom soil between the different lnkes, und there
was 0 eonsiderable difference in most individual lakes in the distribu-
tion of bottom types aceording to depth of water. The predominant
type of bottom =oil was material classed as mud; this bype was found
in 507 samples,  This “mud” included & varicty of materinls: some
fine and light silt, some silt mixed with varfous amounts of parily
docomposed organie material, and somo fibrous or floceulent material.
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Combinations of mud with wood debris, sand, or gravel were found
in an additional 108 sumples; thus, G616 of the 800 samples wore
vither entively or partly of mud.  Ssod was the next most prevalent
of the bottom soil types; elear sand was found in 118 of the samples,
and mixtuees of sand with elay or gravel were found in an additional
16 Gravel was the third meet abundant bottom soil type, cecurring
in 44 samples; and mixtures of geavel and sand occurred in 11 sam-
ples. Three samples eontained entirely elay, and 13 samples con-
tained entirely wood debris which was mostly sswdust, Most of the
more shullow lukes and ponds had predominuntly mud Dbottoms
throughout, with the exception of o nurrow strip aloag the shore
shallows.  In & majority of the ponds sand wes found in zome of the
samples. Sand was moree prevalent in some of the deeper Inkes such
as Auburn, Echo, and Maranscook Iskes, and Embden Pond. A
considerable amount of sawdust or other wood debris was eneoun-
tered in & few ponds, one example being David Pond,  Large gravel
or bed rock was cncounterad in the deoper waters of a fow of the lakes
such s= Thompeon and Echo; on this type of bottom, no ssmpling
with the Ekmun Dredge was possible, and attempts ot sampling on
this type of bottom are not included among the 808 samples consid-
ered in the present discussion,  Sinee only a few sampling attempts
encountered large rock or bed rock. it s believed that the fsilure to
obtain samples from this type of bhottom does not invalidats any of
the gemeral conelusions which a&re given in this report.

The distribution of the difierent hottom soil types by depth for all
of the lakes combined is indicated in Table VII. Among the samples
taken in 8 to 10 feet of water, sand was the predaminant type of
bottom, mud was second in frequency of ocenmence. then wood debris,
then gravel. Among samples taken o 11 o 20 feel of water mud o<
curred in more samples than did all othor types of bottem =oil; saad
wag seoond Lo frequency; and gravel, third, Below o depth of 20 feet
the frequeney of sand and gravel dropped greatly wod bere the bot-
tom s0il was almost entiedy mud.  The uniformity of the mud hot-
tom was #4ill more extreme below o depth of 40 feet.

Bottom Fauna. Al of the animals collectod from the bottom sam-
ples were kept ns o part of the sumples, with the exception of & single
ool (Apguilla) and froquent large bivalve mollusks, The organisms
in the 800 sumples from the 44 lakes were olassified into 17 major
wroups of dilferent taxonomic rsnk — classes, arders, families, or
geners.  All of these bottom organisms were invertebrates. They
included two groups of annelid worms, namely, leeches and aquatic
earthworms; small snails and elams among the mollusks; and, among
the arthropods, a single water mite representing the srachnids, a sin-
gle eravhsh and sumerous fresh-water shnmp representing the crus-
taceans, and representatives of 68 orders of nquatic inseets,  These
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TABLE V1. Volumes in cubic centimeters and numbers (in parentheses) of each type of organism in all

bottom samples from each of 44 lakes and
All smnples (9% 2 ) wern taken with an Ehmas Dredge
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TABLE VIL.

parentheses) of bottom organisms per

The avernge volumes In cubic centimeters nnd numbers {n
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aquidie insects included: alderfly larvae (Neuroptera), Muyly ayvmphs
(Ephemerida), deagonfly and domselfly symphs (Odonata), beetle
larvae (Caleopters), caddiafly larvae (Trichopters), and midge and
maosquito larvae (Diptern). The volumes and numbers of ench tvpe
of bottom organizm in sll sumples from each lake, together with the
number nnd range in depth of these bottom samples; are given for
each lake in Table V1.

The validity of much of the following dissussion on the kinds, num-
bers, and yolumes of different types of hottom organisme in each lake,
and the validity of the comparisons of differeat lakes on the basis of
bottom food, depend on whother or not the methods of sampling and
analysis were uniform.  All sampling methods wers essentially uni-
form except for the use of two sizes of sieves employed in screening
the bottom samples. On about one-hall of the ponds, only the No.
20 sieve wos used; on the otber half, only the No. 40 sicve waa used,
On four of the ponds included in the present report (Lower Range,
Allen, Tuylor, and Pleasant), and on one Iake (Sabbathday) whieh
1 not discussed in the present report, samples were tsken in order to
determine whother or not the use of the No. 20 sieve gave results
different from those obtained by the use of the No. 40 sieve.  Sinee
the No, 20 gieve has a larger mesh and theeefore has larger openings,
it might be supposed that more of the smaller orgunisms wonld es-
cape through this size of mesh than through the No, 40 mesh, whilg
the sample was being sereencd; and that, conscquently, the samples
obtained by the use of the No. 20 sieve would eontaln fewer onganisms
becanse of thiz source of error.  Eighty-five botlom samples were
taken from these five ponds, and these samples wore distributed ovoer
the different ponds in the usual way: The samples were treated in
the usual way with the exception that all edd-numbered samples
(Nos. 1, 3, 5, ... 85) were screened through a No. 40 sieve and sll
even-numbered semples were sereened 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 ssme as the other samples were distributed over any given lake;
but, since these 85 samples were seréencd alternately through the two
types of sieves, any diferences due to depth, type of bottom, or varia-
tion of bottom organisms between different lakes, should haye 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, aceording to type of seréen.  Sinee the numbers and val-
umes of organisms were =0 variable from one sample to another, the



data have been anulyzed by standard stutistical methods.t The
average number of all organisms per sample in the 43 samples sercened
through the No. 20 sieve was 20.9+2.12; the standard deviation was
2006, The aversge number of all organisms per sample in the 42
zamples soreened through the No, 40 sieve was 22.7 4+ 2.02; the stand-
ard devistion was 19.4. The difference between the two means is
L3; or the samples with the No, 40 sieve contained an avernge of 1.8
more organisms than the samples with the No. 20 sieve.  This differ-
enco of 1.8 organizms is only 0.6 of its probable orrer which is 2.03.
The slightly greater number of organisms with the No. 40 seve,
therefore, is of practieally no statisticsl significance. These figores
for number of organisms, and similar figures on average volumes in
cubje contimeters of organisms per sample, in samples sereened
through the two types of sieves, are as follows:

Aver-
Num- u:
s Diff, Meuns
Sleye ol of  jo=3D. |PLE DIfi. {p g,
v sh1hs AMaun Means N, —}.;E-Dlﬂ.
inms
No. Wsieve | 42 |27 |14 |2.02
- - | ) .40 0.4
No, 2 gieve @2 | M 2006 212
Avers R
age
volume
uf
OnEAn-
iszun
No d0sieve | 42 | 0428 | 0179 | 0.019
0,050 1 O3 1.6
No. 20 sleve 43 | 0A70 | 0,229 | D024

* Standard devintion =a= ’/?;'nTZ, l/i_"li'—w = ;_l‘ \/anL(},‘xr-

Whare X « sum; Dedevation of nn individual varinoh from  the mosn;
methe number of sumples;  X-the number or volume of all organisms in
un individual sample; usd M~the mmn

Probable seror of mean « PLE. = D6745¢
vV
Probabls ervar of differenios of two 1eans = P'E‘ma. -
VIPE D + (PEa
90



These figures revisl a somewhat, greater sverage volume of organisms
in samples with the No. 20 sieve.  The diffiecence in volume of organ-
inms, between samples with No, 20 and 40 seves, of 0.050 c.c. is only
L6 times its probable arror of 0,031 c.e.  The mathematical chances
are thus wbout 26 to 1 that this greater velume of organisms in the
No. 20 gereen sumples is of uny significanes; it i not sufficient to be
conclusive. Tt is, also, the reverse in trend of what might logieally be
expeeted, Tor the finer soreen should yvield more organisms, of a greater
total volume, if more were escaping through the No. 20 mesh.  The
renson for the lack of any significant difference in resulis of the use of
these two types of sieves soems to be that only the maero-benthie
forms are usually pieked out of the samples, and these organisns amn
oll within & size runge of which individuals do oot readily eseape
from the conrser sieve in the usual method of sereening; and there-
fore nothing is gained by using the finer-meshed QScves. The analysia
has shown thut the varistion in use of No. 20 and No. 40 soves, for
bottom mumples from difforent lakes nod ponds, hoas had very little
il any effect on the results of the sampling, and doez not nececssitate
qualifications of the present presentation of the data on this secount.

The different types of bottom organi=ms oceurred in the bottom
samples in different degrees of sbundance, Some ides of the relative
importance of these types of bottom food may be obtained from o
summary of their Irequency of oceurrenee in the different Inkes; of
all hottom organ=ms from the 44 Jakes:

Mifge farvae and Muyily nymphs vere taken from . . oo oHE Inkes
Carethry Inrviue sl pill clams (Sphaesidae) feoun, ... ... 43 -
Freshi-water shimp from, . ‘ P S TR R SO oA ) T
Saails of the Family lmnlcoluhu l'mm ........... T T A
Caddisdly Inrvae, ot anndls other than Amnicolidase, Imn va ffapaipld
Alderfly laryae from . | , ~F Y Ay T Chiee 0O 57
umuchmumumnswunmelmm SRR, = s 4 I o
Dragoolly nymphs (0om . ..o T Iy
Locches from. . ..., : R PR R A1 vy p v o APy e
o\qmucmn.bwnms[mm e R y
Bestle Inrvae from ... . . R e S S %.»
Dwumynympba!mm... W T LS AN Ot e ERLE A
Ny N R e A e eSO el Rt T " AW
A single water mite from. .. P\ s P Sl PRI Ty

A further idea of the relative importance of these difforent types of
bottwom organisms in these lakes and ponds may be obtained from
the total volume nad number of esch type of organism in the 809
samples (soe bottom of Table VI), These 809 samples contained
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TABLE VIII. ‘The total and syerage volumes snd numbers of organisms in bottom samples, and the
calculated average volumes and numbers of crn“hmr square foot of lake bottom, for the 44

vedums and ber
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14,260 individunl organizms of a total volume of 157.516 e.c. of which:

C,ammklwzluwwmulnup PP =S APPSR - By BTV
ayfiy nyn RO O e, & XV

1 a:mm ol the I nmly Ammcnlndnr mado W A 13.003 ve
‘798 other sualls made up .......................... = 308 oq
2,300 pilk ddams made up. SN L TN M 12862 e
72 other clums mude . ISR S MR b 5. [T 8
2,874 Cortivra luryue op S TR RO S A D . 6444 oo
105 nfly nyphs | ARPRCETIS OO X XN I SUISSegl, V) | 2T
1,000 [nsb-waler slrimp mu.ic np o B e Sy ey 7 1837 e,
106 Siadéa Inrvie mode SO s . 2,554 ¢
120 caddisfty Inrvoe [V S RMSSOeS X 551 o,

Differences in average gize of xhﬁmsm t)pos o{ onmm.smn are obvious
from the above figares. For example, Mayfly nymphs had an aver-
age size of about five times that of the midge larvae, Clams, other
than Sphaeridae, were of the largest avernge sise of all types of ore
ganisme: these clams were mostly the young stages of Jarge species.
Practically all of the smaller snalls wero of the Family Amnicolidae,
Amoaong the insects, the Muayfly oymphs, dragonily nymphs, Sialis
larvae, and caddisfly larvae were of relatively large average sise us
compired to the small size of midge and Corethra larvae.  Fresh-
water shrimp were among the smallest of all bottom types rosovered
from the samples,

The charecter of the bottom fauna vared some with the dopth of
the water; part of the data en distribution of organisms by dopth is
given in Table VIL  The shallower water for all of the lakes in gen-
aral had a greater variety of bottom forms and also had the larger
organisms; the individual organizms from the upper 20 feot of depth
averaged from two to four times the volume of the organisms from
decper water, die mostly to differcnces in kinds of specics present.
The total volume of all organians per square fool was somewhat
greater in the upper 20 feet than in deeper water. The number of all
organisms per square foot varied somewhat throughout depths of
3 to 120 feet; however, the data showed no definite srend in change
of average number of organisms with change in dopth (T'able VI,
The type of bottom =0il obviously had an effect on the volume and
number of organismg present,  Gravel, sand, elay, and mixtares of
these types, mostly contained fower organisms snd a smaller volume
of orgenisms than were contained on mud bottom or on mixtures of
mud with other soil types.

The dats obtained from these hottam semples offer an opportunity
to compare the sbundance of bottom food (ie., food for fishes) in
different types of lakes. Available figures for such comparisons nre
the average volumes and average numbers of organisms per square
foot of lake bottom. Since the locations of sampling were seattered
fairly uniformly over the surface of each lake, the sverages of the sam-
ples presumably represent the average conditions for the entive bot-
tom urea of each lake. The number of bottom samples, the total
volume and number of all organisms in all samples from cach lake,
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the average volume and number of organisms per sample, and the
caleulated volume and number per square foot of lske bottom, are
given for each lake and for all lakes combined in Table VIII, The
considesable vardubility in quantity of organisms in the fodividusl
samples i indicated by the standacd deviations (o-5.10.) of numbers
nud volunses of organisms, which are also given in thi= Table for each
luka: The average for the 800 samples waz 1747 orguniems, of 0.19
e.c. in volume, per sample; or & ealeulated 311 organisms, of 0.34
¢.c, in volume, per square foot of lake bottom. The averages for the
individual lukes varied from a low of 4.5 organisms of 0.05 ¢.c. per
gguare foot in Embden Pond, to & maximum of 93.9 organisms of
1.08 c.e. per square foot in David Pond, All lnkes except Dayvid had
Iess than | e.e. per square foot, The varintions in avernge volumes of
organisms. per sample for these lakes may bo sttributed mostly to
differences in basio fertility, and noet to the variable faotor of date at
which the samples were taken; for if the lukes wre divided into sev-
erat groups on the basiz of ayverage volume of botlom organisms per
sample, and compared to the dates of sampling (See Table V1), there
1 no indication of o gradusl change in volume of organisme over
the thres-menths period during which most of the sarples wore taken.

A division of the lakes and ponds into different types on the basis
of depth and chemistey of the water offers one busis for o comparison
of sbundanee of bottom fauna in different types of lakes. Such a
ocomparison has considerable significance, sinco depth nad chemistey
of the water are among the most importanl fuctors which determing
the types of fishes to which the lake is best suited. A dividon of the
63 lakes, which were studied by the survey during 1940, into differ-
ent types on the basis of depth, tempersture, und dissolved oxygen
content of the water has been given previously (see page 66), The
44 Inkes from which bottom samples were faken may be divided on
the same basis into the following three types:

Deep lulw.« and pen ‘swd-. thwnnocline peesent, high
oxygen bel woeline, good trout or mlmon
water Ilnr]udw. Middlo h.runp- Uppwer Ha
Thompson, Auburn, Alba, Pleasint, Fe
Flving, South, Sund, \dmnamn fsmowu
‘hoth purts), L«mg (routh past), and Embdem|. .. 15 bkes nsd ponds

eup lukes anid ds, themuoolioe 6 low
ax¥zen below mmochno. poor ar g:r trout ue
aalinon water |Includes: l‘n)lor Lower Rungr,
Hogan, Whi!m'v. 'l'rir‘p mnm
Parker, Davad, W urgatooy, Cobbossen-
eomae, :\nmlmoook. Wilsan in Manmouth,
Dvater, Besry, Tum.'y. Snow, Lon.g (north
part), Great, selinoa, und Sandy]. cooo 220 Inkes and ponids

Shallow Ekes and ponds, no theemooline, 3.0,
warm water 1o Batfom, poar trout nnd nlmun
mm llncludm ?\Ah’twn. Andmm l‘ond

Joy, Coolim
| McCmth),

nledugE‘ut.mdb oo 5 lakes and poends
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1t should be noted that this elassification differs somewhat from the
one given on page 66 m the discussion of the suitahility of water for
trout and salmon, since this previous classification was intended o be
more detailed. This second division of the lakes into three types rec-
ognizes two eategories on the basis of the suitability of the water for
trout or salmon; either good or poor. The poor trout and salmon
waters are of two types: either shallow and warm to the hottom, or
deep but with oxygen deficicney in the deeper water. These same
factors of depth, temperature, sod oxygen defiviency presumably wf-
fect the compesition of the bottom fauns a3 well as the composition
of the fish fauns. The lollowing comparison of the abundance of tho
bottor fauna in these three types of lakes is made by lumping all
samples for Inkes of one type.  The 268 bottom samples from the 15
good trout ar salmon lnkes, when considered as # unit, contained an
average of 15.1 organisms of 0.123 c.c. volume per sample; and the
383 samples from the 21 deep lakes with oxygen deficiency contained
an average of 21.3 organisms of 0.214 ¢.e. volume per sample.  When
the above nverages for volume nre compared statistically: the first
volume is 0.123 £0.008; the second js 0.214 40.010; and the difference
between the two volumes s 0.0801+0.013, or the difference i seven
times the probable error.  The statistical odds ave about 400,000 to
ong on the bass of this analysis that the deop lakes with oxygen de-
ficiency had a greater volume of bottom organisms than the good
trout or salmon lakes. The dats for this and other comparisons of
bottom organisms in these three types of lakes wre as follows:

Volumes of organisms Numbaors of arganismy
m e,

Type of [N, of [No.of] 3 -} :
fuke of pood | ponds |sun-§ Mean |« =50 P15 Mesn | = <S5.D.

P
plew Moury _“-
(A Deepy high
‘ oxyvgen  be-

low tharmd- 16 20010 0320 | .19 | D008 | 161 Wo| v
oling;  good
for trout ar
salman.

B) Deap; |
1) P::_

low thermo- | 21 [ 3831 0214 | (L3 | OO0 203 21| 080

cline; poor
for trout or
salmon

) Shallow; no
M2 v.hmnoohn.;

vor for S 1600 0267 | 0361 0019 J 130 | 124 006
rout or
sadinon




from which, statistical comparisons of volumes snd numbers of bot-
tom organismes in these three types (note A, B, & C) of lakes are as
follows:

Yolunes (o e.r, Nuerhors of orgaivisins
Comparing | [(atSarones [PAS |- IHf Differenco | P K. i
typa: o mnies W (SN af menws Cias P
Aand It R | O.ms 7.4 2 P "1
Annd C IR EE] LN | 6.1 2.1 n.ut 2.3
B and C 03 | 002l | 2.4 84 108 8.0

Certain generalizations on abundance of bottom fauna in these
three types of lnkes may be made from the above comparisons, The
deep lakes with oxygen deficiency had & much greater number nnd a
much greater volumoe of arganizme por unit of arca than did the trout
and salmon lakes  The arganisma in these two types of lakos woro of
about the same averngo size.  The shallow Inkes had a much greater
volume of organisms but somewhat fewer numbers than the good
trout. and salmon lakes, The organivms 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 attvibutable to the abundance of
lurge forms such as dragonfly nymphs, Mayflies, ete, in the shal
fower water as compured to the predominance of small midge and
Corethra larvae in the deeper water, The shallow lakes had & greater
volume of bottom organisms than the desper, oxygen-deficient Inkes,
cven though the number of organisms was fower, The significance of
thess differonces from the standpoint of game fishes may be inferred.
Thesa lakes and ponds which have the best water for trout and salmon
hiwve the least volume of bottom foed per unit prea; and conversely,
those waters which sre 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 species, the shallower ones have by
far the Inegest food organisms. Among those deep lnkes with partial
oxygen deficiency and thus with fair trout water, there is a compar-
atively large volume of botzom food organisms, but the organisms
themselves are mastly small forma. These [aets, if applicable to waters
in general, have considerable significance in relation to the intro-
duction of warm-water game fishes in the beiter trout and salmon
Inkos. In this type of lake with the bottom food supply at & mini-
mum, competition for this food iz presumably more severs, and this
competition might be still more extreme if spocies of warm-water
gnme fishes are introduced. At least this type of lake cannot sap-
port 0 many individuals of competing bottom-feeding species, and

97



this relative scarity of bottom food m:ghx be the reason that the

introduction of warm-water gsme species reduces or practically
eliminates trout and salmon from the better tront and salmon lakes,

The two principal sources of fish food in lskes and ponds are the
bottom fauns snd the plankton. The two together, therefore, are
the principal measures of basie fertility, Some data are here svail-
ahle for making & general eompansson of the abundanee of bottom
fauna and of plankton in most of the lakes studied by the survey.
The comparison (to follow) I between the numbers and volumes of
bottom organizms collected during the period from June 18 (o Bep-
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 enrly September. (Sabattus Pond &2 eliminatad from the oompuris
son because the plankton sumples from this pond were collected in
June,) This lpaves 43 ponds for which suitable data are available.
The figures usad in this compurison are the svernge number nnd vol-
ume of bottom organisme per D<nch by 9-inch sample for each lake,
and the volume in c.c., ae dotermined by settling (see page 69), of all
plankton taken by two Ia-foot-to-sirface hauls with o Hirge closing
net.  The most mliable comparison of the available deta on bottom
fauna aond plankton §s probably the coeflicient of correlation (rg)?
between the average numbors of average volumes of bottom {auna
and the volumes of plankton, a= obtained from the individual lakes.
The coofficient of correlation hetween these gvailable figures on
volume of bottom fauna and volume of plankton was +0,02; the coeffi-
vient of eorvelation between the figures on number of hottom organ-
1sms and the volume of plankton waes +0.06. [4 other words. there
was practically no rorrelation between the aversge numbers or vol-
umes of bottom erganisms snd the volume of plankton in the surface
wators, s indicated by oar survey data for these 43 lakes and ponds,

Anothar sttempt to corredata hottom fauna und plankion in thess
lakes and ponds, from our sarvey dot, 5 hore mado by arranging the
lakes on the basis of volume of plankton into five groups, and com-
paring the sversge numbers und volumes of bottom organisms for
lakes in these different groups. The 43 lakes and ponds may he

' a a = nExy - ZxXy
By = p—o wherte: bende - (3x)*
KX e=n2y - Sy
i whith: x = either the mumdber or volume of botton) orgarsons
¥ = the valume of plankton.
1 = the sumber of lokes or pords,
¥ < the wum 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:

001 06 ov of plankton: Prrinisssspeoin s, Anhum, Ploasat, An-
, Pornsaet, Lovo;oy Webb, South, Dexter, and Rerry,

07w 1200 of plankton: lutlm Lowae Hu&g«. Whitziey, 'l‘npp. IEeha, Pure

Coblxasepcontee, Corhnewigan, Wilsen in Mcoomouth, Nuerows

3 pare], Saow, Loug (south part); Great, North in .immu{dd' Fast,
Mmum. aned MeGrath,

1.3 to 24 e of plankton: Midddo Raogo, Parker, S8and, Annabessacook, Nore
rows (noeth pert), Tang (north part), and Tambidon.

2.0 “':l?d“ o0 of plankton: Thompsan, Allen, David, Aumnscook, Torwy, and
- y-

Bl to 70 c.oof plankion: Upper Hunge and Flying.

When the figures on average number and sverage volume of all bot-
tom organisms per sample for cach lake were treated as variants, and
grouped according to the above elassification on the abundunce of
plankton by volume, the following comparative figures were obtained :

Bottam fnuna

Aversge volumes Average numbers
Plankton: | Number in v, x
volumm uf i — p—

in o lakes | Menn | #=8.D. | PE, Mean§ «=S.D, [ PE.

— - —

AMusn

0.0-0.6 " 0nia om 008 | 1647 S.53 1.80
0712 17 .20 on G018 ] 16064 7.49 1.4

124 iV 0, 13 010 002 1740 048 2.42

- s e ] o = a— - — - —
L5406 a L .'6 018 0050 | 2388 l'% Wl ! 3 .85
S3.0-7.0 l 2 0 12 0o O | 1200 l.Tl " 2.25

This compurizon does not indieste any close correlation between
plankton in the upper waters and either the average volumes or aver-
sge numbers of bottom orgenisms, 16 s true that the aversges of
volumes and numbers of bottom organisms are quite varinble be-
tween the different groups; but, in general, the differcnces between
any two means are 50 small in comparison to the probable erroes (not
given, but may be resdily computed from the above figures) of these
differences, that the differences themselves have redatively litde sig-
nificance.  Also the two lakes which yielded the most plankton, nnd
the 11 which yiclded the least, had volumes and numbers of bottom
organisms betwoan which the differences are of almost no signifi-
eunce.  Actually, the two lakes richest in plankton had the fowest
and smallest volume of organisms of any of the groups. The group



secand richest in plankton, however, had the greotest volume of bot-
tom organisms; and this is the only indication among the data that
those lakes whick were richer in plankton were also richer in hottom
fauna,

On the hasis of both of the above comparisons it does not appear
from our data thuat there waz any marked correlation between the
productivity of bottom fauna, and the productivity of plankton in
the upper lavers of wates, It is recognized that the data gvailable
might be inndequate for such » comparison, and that o more detuiled
study of a few individual lakes, involving more thorough sampling at
all seasons over a period of yvears, might give somewhat diffcrent res
sults. ITowever, the fucts that the above comparison involves sam-
ples bunched during & short period, wod involves & considerahle num-
ber of lakes and ponds, tends; in the writer's opinion, to validate the
results of the comparison to o considerabile degree,

The extent to which the bottom fauna is utihzed as foed by fishes
m theso lnkes is discussed in o Inter section of this report (see page 125).
A practical application of these data on bottom orgenisms i mude in
connection with the formulation of n stocking policy for these lakes
and ponds (seo prge 218),

FISHES OF THE LAKES AND PONDS

This account of the fish fauna of the present group of lnkes hns
been based on collections made with gill nets and seines, and Lo some
extent on the occurrence of small fishes in the stomaehs of game spe-
vies, and supplemented by information obtained from local Fish and
Game Wardens,

Fishes wore collectod by two gill nots each of the same type, cach
276 foot by 6 foot with Bve 75-foot zections of the following mesh
grcew: 4,2, 6, 3, und 5 inches strotebed mpasurs, or 2,1, 3, 114, and
215 inches bar menstire, and with the five units tied together in that
order. These nets were el in 40 of the 53 lakes and ponds for a total
of 86 individual sets representing 1,869 hours of netting effort. The
number of net setz in individual lakes was somewhat in proportion to
the size of the lakes. Only one et was made in the small ponds,
while from two to four sets were made in the larger ponds, and 12
sets were made in Great Pond of the Belgrades. These net sets
were made from June 15 to September 1L All but three of the 86
sets were made over night.  Muost sets were for from 19 to 24 hours,
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the sverge for the 86 sots being 21.7 hours.  Usually the nets were
sob in the morning, they wem examined and the fish removed that
evoning, sand the net was Lifted and Ash removed the following mom-
ing. (It has been our experience, during the past four summers of
luke stirveys in Maine, that these experimental gill nets eateh many
more fish daving the night than they do during the dayvtime, ) Most
sets were at depths within the limits of 10 to 50 feet. In 36 of the
86 net sets the nets were set with at least part or all of the net deep
enough (that ig, below the thermocling) to eateh cold-water fishes.
or else were in the deepest part of the shallower ponds,

Somme collections weeo mode with o varety of scines, varying from
10 to 50 foet in length and with mesh varving from Common Sanse
1o one=fotirth inch  Seine colloctions were made from 37 of the lokes
wnd ponds and were conlined almost entirely 1o pond waters and not
to tributary streams,  Seining was done entively in the shallow water,
from the shore out to a depth of four feet; and wis dobe entively dur-
ing the davtime, and botween the dates of June 20 snd September 11
A total of $5 seine collections was made, vepresenting u total of 25
hours of actual seining offort.  The records of our seining collections
do ot include all individuuls of some of the species which were col-
leeted, but the numbers recorded represent approximuately the rels-
tive abundance of the different species.

Information on the distribution and abundunce of game fishes was
ubtained from local Fish and Game Wardens, by distributing & gen-
ernl questionnsire to each warden who gave his opinion of the sbun-
dance of cuch #pecies in vach lake,

The fish fauna of these 53 lakes and pimds includes possibly 27
spocies reprsenting 14 familics.  OF these 27 spocies, 22 wore col-
leeted by il nets or seines, and one (the freshowater seulpin) was
recovered only from the stamach of a White Pereh; the four others
ineluded the Fel, Brown Trout, and Rainbow Trout which were re-
ported by Wardens to be present, and the Chum Salmon which was
planted recontly in two of the lakes and probahly is still present. The
distribution of the 22 species taken by nets; and the type of net by
which they were taken, sre given in Table IX  Estimates of abun-
dance of the different species, as based on survey collestions, and the
wanlen's estimates of abundance of diffoerent species, are given by
lnke in Tablke X,

The reconds of ocenrrence of fishes in the stomachs of game fishes
are summanzed in o later seetion of this report, but wre listed here
beeauss 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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of fish in these stomach contenis, for each lake or pond, were as fol-

Pike Perch

Brock Trout

or Lake
t

LandJdocked
Salman
- -

Chinpok Salmon

Gobdon Shioer
White Pereh

Yollow Porely
Smwelt

White Pareh

Smelt

Smwelt

Smddt

Yeblow Perch
Smelt
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lows:
Lake or pood; and pumber, In (),
Stamachs of ; Fish In stomaehs of ﬁd) in stomachs
White Perch Smelt Pocasset (l) Feho (62, Ssel (1),
mbnmomlt 17),  Maranacosok
{003), Lo (3). M
Gireat .
“ oo Palifish: East of Bolgrados (1).
g “ White Perch Great (2), and Sasdy (2).
o A Yeollow Perch nd.mto? 1), Pocs=set (6}, Low
9). oue[y)(w) z “e-
" o Fresh-wnter
Soulpin Marunacook (I].
Yellow Perch Brmelt Aubum (4),
v s Commnen Sucker Sshattus (1),
% .y Red-bellsod
Bantsh Long of Belgrades (1)
= - White Perch Aubum {7}, Snow (1), and Great (1),
N " Yellaw Perch Auburn (1), Tursey (63 Grest (1),
and Fast of Delgrades (2).
Sanll-reonuthod :
Bas White Perch Thompson (2), Wilson in Moamouth
&\‘, Boow (8), Greas (3), and Nocth of
rndes (1),
1 " Yollow Peroh '(l;r;pp (1), and Noeth in Woodstock
o " Common Sunfish  Parker (1)
Common Piokorel  Smelt Allen (2),

Tomsey (1), wsd Snow (1),
Sabattus (1), I lo A 1\1 1
Wnbb.jl (.2- ay ) ) £AZ|
'I lar (1)
nrmv (lli
Cireat {12),
Great (2).
Pleasant (39), and Great (1).

Aldmmggin 1), omd

South (1}, nad Fmbden (1),
Aubarm (1), Great. (21), and Embdin
(3.

Aubum (1),
Great (9).



The fish fauna of this group of lnkes as a whole is predominantly a
game-fish, food-fish, predatory population, with 6 to 7 species of
salmonids, 3 perches, 2 basses, und the pickerel, cusk, smelt, horned
pout, and eel. The whitefish might also be incloded s n food fih,
und the two sunfishes might be included as being predators to some
extent.  The fishes, whose prineipal value is a8 forage for the food and
gome species, include the Smelt and six other species of which only
the Common Sucker, Colden Shiner, and Fallfish are very widesprond
and abundant.  Of the food and game species, the White Pereh, Yel-
low Perch, Small-mouthed Bass, and Pickerel greatly predominate
in this group of lakes, These four “warm-water species”™ defmitely
predominate over the salmonids as indieated by our collections, in
spite of continual past stockings of the lutter. The Common Sunfish
and Common Sucker are genernlly very widespread and abundant.
The Horned Pout and Red-bellied Sunfish are fairly sbundant, us also
ar¢ the Golden Shiner and Fallish among the minnows,  The com-
position of the fish fauna of this group of Inkes ns o whole muy be
Judged from a summary of the results of suevey gill net and seine col
lections; the total nurber of each species of fish taken by the 86
individual gill net sete in 40 of the lakes, the number of cach species
from 37 lakes and pondes in 45 seine eollections, nnd the number of
individual lukes from which each speciss was recorded by these col-
leetions (ineludes records of a few fish picked up dead), were:

Total numlnr Tolal number  Number of lakes;
tukes

1 by in scdane fish taken by
Kind of fish il et colloctions  gill net or seine®
Land-Jocked Salmon, .., ..., 7 | 3
Chineok Szlmon | : 4 3
llrlmk Trost . 1 +
................... ()] x 4

um]’eu:h. S M FOWAL VT 251 20
Yellow Perch . o 1,181 i3 |
Small-mouthed Boss, . | i N2 #
Lana-mouthed Boss | 1 14 A
Common Piekerel | | = 7 32
Pike Purch or

Walleved ke . ... N - 1
Whitefash . : Bl S 1 - 1
Cusk . ] " 3
Smole . | 2 Iy 2
Harned Pont o 1S 10
Pumpkinsesd o

Commot Sunfbh 0 ey 117 1t 33
Rob-bollled Sunfish . : 10 177 18
&mﬁsh 1y e [l

Lepomis wbhmu X

L. auralus, . 13 o
Comamon Sacker ... ........ 388 154 32
Golden Shiner, ..., ..., .... 7 it 21
Fallfieh .............. “ 7 3141 11
Commos Shiner .., ..., e 206 1
Block-nosed Daco 3 1
Banded IS . | B

*Inclades records of o few fish p&ted up dcud
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The trouts and salmons were not encountered, m the 86 il net
pets, from so many separate lakes and ponds as might have been
expected judging from the extensive recenl plantings of these species,
Plantings of salmonids hud been made in 42 of the 53 lakes and ponds
during she 7 years preceding the survey. Of these 42 lukes which had
beem stocked, gl nets were fished in 35; thore were 70 individual net
wots mado during which the nets fishod for o totul of 1,738%; hours;
vet salmonids woro colloctod from only 12 of thess lakes and ponds
Also, the number of individual trout and salmon eneountered in the
ned sots was not so grest &3 might have been expected to resuit from
the plantings, ax only 34 salmonids were taken by the 1,738%; hours
of gill netting. The sverage annual stocking of salmonids in this
group of lakes over the preceding 7 years wis 640,000 hish; the total
area of the lukes stocked i= about 59,000 neres.  The results obtained
by gill net sets in the six Rangeley lakes during the summer of 1939
(Cooper, 10) might be eited for comparison. These Rangeley lakes
and their tributaries had been stocked during the preceding 6 vears
with an annual average of 720,000 salmonids; the total nrea of these
lakos 1= nhout 48,000 acres. A similar type of gill net fished for
total of 1,1455{ hours took 280 salmonids; i« in the Rangeleys, the
nets enught more than 10 times &3 many salmonids in & similar amount
of fiching effort, From this comparison, it is concluded that the lakes
and ponds studied by the present survey do not support neacly so
large galmonid populationz as do the Rangeleys, even though the two
lake areas have been stocked at omewhat the same rate in proportion
to thair ncreage.

The number of aalmonide taken by gill nets during the 1940 sur-
vey wag, in fact, g0 few as to make difficult any attempt to evaluate
the stockings in the different lukes. 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 end 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 Cobbosseecontes, and trout from Snow Pond. Kven in the
better trout and zalmon lskes, the net catehes indicatod =mall sal-
monid populations resulting from the extensive stocking — records
for the 18 lakes and ponds found to buve “excellent’ or "good"’ water
for trout and salmon {see page 66} might be cited. All of these 185
Iakee had been stocked previously with salmonids; mll net sets were
made in 15 of them ~ a total of 24 sets covering 520 hours of fishing:
and these 520 hours of fishing vielded 25 salmonids, or only ahout
one-fifth #s many per comparable netting effort as were eaught in
the Rangeleys. Since so few salmonids were taken by the nets, the
records do not offer o basis for i detailed companisan of the suecess 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 Sulmon were collested from the two lakes
(Clobbosseecontee and Great Pond) whore thoy were planted in 1938,
Chinook Sulmon were obtained from throo of the 12 lakes in which
they had bheen planted;: the net reconds for Brook Trout, Togue, and
Land-locked Sulmon were similar.  The reconds of plantings of the
different species of salmonids in the lakes and ponds of the 1940 sur-
vey, and the survey net sets and oatehes of salmonids, are summar-
ized, a4 follows:
Number  Tutul Numibes
Number Numibwe isdivid-  hours lukes, Total

Hpeojps linkess lakes  wal ned of fish number
planted®  welted s netting mught  fixsh

Hrook Trout pLl] 2z s 1,019 i 1
HBrown Trom 12 11 17 ] " 0
Ranlvn Tromt u £ 15 24835 0 \
Togur 12 (] B (IR 4 [
Land-docked

Salmon {13 12 a0 882 5 7
Chinook Salmen 12 11 BE rhYE: b 4
Claam Saleion 2 2 15 M23i4 il 0
Same type of

sabmaonid «° 45 Nt 1,738% 1 E7]

Tneludes trhatores for togie nml the three sslmons.

The species of fishes, und their numbers, taken by svines, and us
lhisted previously. represent the fish fruna of the shore shallows. This
founs included the young of the warm-water game species, plis
horned pout, sunfisbes, suckers, and several species of minnows. The
absenee of voung salmonids in oar seining collections indicates their
general ubsenee in lake shallows, and emphasizes the importanee of
planting fry and fingerling trouts and salmons (except togue) in the
Lributary streams — the single fingerling salmon taken by seine was
from the mouth of a tributsry of Weblb Lake. Sinee muany of the
present. series of lukes and ponds are best adapted for production of
the warm-wator gume fishes, and sinee the Small-mouthed Bass s
oo of the meet important of these warm-wiatér species in southern
Maine. the sueeess of natural reproduction of the Small-mouth iz of
considerable importance to fishing.  The namber of young bass en-
eountered by our seining in the luke shallows was small.  From survey
eollections und reports by loeal wardens, it is known that the Small-
mouthed Bass occurs in 48 of the 53 lakes and ponds. Of these 45
lakes, seining collpetions were made in 35, for a total of 2334 hours of
actual seining effort.  This seiming took 82 Small-mouthed Bass
which were mestly fry and fingerlings, or 3.5 bass per hour of seining
effort. This indicated nn even smaller populntion of young bass in
these lakes of the Androscoggan wnd Kennebee dminages than was
found iu lakes and ponds of the Suco River and Bebiego Luake deain-
ages in 1938 (Cooper, 1039b), where comparable seining took 7 bass
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us determined by survey collections with gill

nets ((gf‘

TABLE IX. The distribution of

-
[

.

LU ¢
G |G

.

LA03 I

sy ey
§ oy

B

womarppy wsasplisd
wy nus!._é-uw

a8 4agf,

il L

-

Gs) o,

- | GB
G 1o

. |08

e

G&
GH
G
48
G

it

Nemo of pooad

s
400
401
404
08
406
LR
425

Lowwr Bangn Pond
Matliv Runge Pund
Upper Hungo Paml
Hogan Tosd
Whitner Pond
Tripe Pund
Petnosswowansee Lake
Tottahel) Pozet
Firyane Posl|
Ackurn Lake

Alles Pand
Plessant 'end
Androscoggin Lake
Poowmen Laio

Thesipeon Lake

Sahattvpe Pond

Taylor Pucd

g



-

.

e

‘e

"

.
e D =

-

.

ar

..

.

a

G |8 [Ge

.

G s

GG

G G ..

G |G |8

8 joa|s | &8
8 |c

e
e

-

.

-

.

8 I3

Gala | S

G |G |4

Gt s |3

& |'S |8

GElGElas|S JO |8

G5 |8

G |8 |8 |8 |G

o

G | GElGE| ..

OGS G8| 3

e

.

‘e

‘e

“

oG |G

G

.

‘i

..

i

s

LB | 8

-

-

asiaai o

a

Gs

s ..
B
R

GRl ,.

as| ..

.-

.

.-

"

.

=

.

-

.

G®

-

..

(+1}

‘.

a8
G 8

G | G=] ..
G |5

GELGR

GR|Gs

O | o8

..

..

.

g .4a

.
-

-

e

..

.-

.

‘-

‘e

..

‘.

..

‘-

L]

e

a

e

.o

.o

..

-

=

.

.

Gn

w2
e
DU
TS

We | G8 JGS]..

(0]

o

o2 | GS

s | Gs

Laveioy Pand

Bebio Lahe

Pasker Poad

David Tord

Tikon Mond

Flytng Fusd

Wirthhy Fead
Wbl Lake

SHilver Laks

Garland Poad

North Pond

Poud

Bouth Podd

Band Fead

107

Cobboseecunisn Lakn s (0=

Peud

Wikon Puail

Dester Food
Berry Poml

Marunsecok Take
Toreey Pond

Nerth Part




TABLE IX. The distribution of fishes in the lakes and ponds — Concluded
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fry nod lingeslings por hour of seining.effort. We found adult, Small-
mouthod Bass heavily paensitized with the hass tapeworm in B lakes
(zoe Tabde XVI); seining in 7 of these 8 lnkes produced sbout as many
(3.3) young bass per hour &8 did seining in lakes where we found no
bass tapeworms,  However, our data are inadequate to indieate o
possible relationship between extent of this parasitism and the abun-
danee of young hass, for too few voung bass were collected.

Further notes on the distribution and sbundaney of the fshes
known to oceur tn the lakes and ponds of the presont survey are given
in the following snnotated fist:

Family Osmeridae, Smelts

Smelt (Oumerns mordar], Smelts werg taken by our gill nets from
only two ponds, 1.e., Snow and Loag, None werp taken by seining
Several dond smelts were picked up on the east shore of Great Pond,
und specimens of smedts from Wilson Powd in Monmouth and South
Pond in Greenwood were obtained from loeal fishormen.  Our fatlure
to take smolts by cither gill pet or seine should not be construed 10
indiente an absence of this fish, for smelts are mostly toa small to e
tadeon by the gill oot which was used, and they apparently do not
feequent the shallow shoee waters of lakes and ponds in the summer
time to any great extent. Our best souree of reeords of the oeeur-
vonen of smedts was from the stomach contents of game fishis.  Smelt<
wany sn tnken from Brook Trout, Togue, Land-locked Snlmon, Chi-
nook Salmon, Connooen Piekerel, White Perch, Yellow Porch, amd
Walleved Pike, Revords of oveurronee of snelt in these fish wero
from the following lakes snd ponds: Aubuen, Allen, Plensant, Poens-
=et, Feho, South in Greenwood, Sand, Annabessacook, Maranacook,
Long of Belgrades, Great, and Embden.  Most smelts so0 obtained
went from Maranscook, Great, FKeho, Annabessscook, Auburn, amd
Pleasant; a very few wore from Allen, Pocasset, nnd Sand,  The
record for Santd Pond suggests that the spocics is at least still presont.
oven though helieved by loonl wardens (T'able X) to be absent. Re-
portza by ibe Jocul Fish and Gome Wardens indicated that smelts ar:
presont in the mujority of the lakes sud ponds of the wrea.

The: lukes of the present survey ane the center of considerabile intor-
st in conncetion with difforent types of smelts, Thero are dissinet
populations of nt least two sises of smelts: s large raee nod & small
moe. I addition, two distinet formns of smelts have been dosenilssd
from Inkes of the arca. The native smelt of Wilton Pond {or Wilkon
Pond) in Wilton was desoribed ss Oemerus spectoum, a spocies differ-
ent from onr common form, by Cope in 1870 A second distinet type
of amelt, Osmerus abboifs, was also desenbod by Copo in 1870 from
Cobessicontic Lake (Cobbosseecontee Lake).  Kendall (1914) lists
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several localities of 0, abboiti i addition to Cobbosseccontee Lake,
namely: ponds in Monmouth, Cochnewngan Pond, Sshattus Pood,
Winthrop (Pond?), and Moose Pond and the Sebasticook River (its
outlet). These two supposedly different types of Maine smelts,
spectrum and ebbofty, are listed by Jordan, Evermann, and Clark
(1930) as subspecies of the typieal and widespread (in Maine) Osmierus
o,
Family Coregonidae, Whitefishes

Whitefish (Coregonns clupeaformis). Our only record of Whitefish
was A single fsh {see Plate 1-B) taken from South Pond in Greenwood
by gl net on September 5, 1940, Lol residents reported that the
gpecies I8 common in this pond. A warden report indicates that the
species might also be present in Thompson Lake.

I'amily Salmonidae, Trouts and anlmons

Chum or Dog Saimon (Oucochynchus keta). Aecording to the Fish
and Game Department’s records, 119,000 fingerling Chum Salmon
were planted in Cobbosseecontes Lake in Augost, 1938: and 31,000
fingerlings were planted in tributaries of this lnks durng June snd
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
hove renched a <ize sifficient to be csught by gill nets, but none were
g0 taken, Presumably the plantings in Cobbosseecontee were on a
Inrge enough scale to give suceessful results, if the speeies wore well
adopted to the Inke.

Chinook or King Salmon (Oucorhyrchus tshawytzeha),  Chinvok
Salwmon have been planted in many lakes in southern Maine during
the past 10 yours, During tho 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 somo Chincok Salmon fishing. In some, i not all, of these
lakes where the species has been planted, the Chinook Sslmon is
reaching maturity while being confined entirely to fresh water, Mozt
of these lakes have sereens ab their outlets, or else there sre impss-
able dams between the Inkes and the ocean; thus, while the salmon
amolts might be able to reach the ocean, in most instances the adult
sulmon could not get back into these lukes. Fully adult Chinook
Bulmon were taken by our nets, and have beent commonly taken by
fishermen from many lakes in Maine. These aalmon are not only
growing to maeturity in our [reshowater lakes, bat are altempting, in
somo instances at least, to spown in tributaries or the outlets of somae
of the lakes. In the full of 1937, for example, a 2pawning run of adult
Chinooks from Cobbosseeconter Lake appeared in the outlet, in the
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firat oneJourth mile of the strvam down Lo u pormanent fish sereen.
The writer visited this seetion of the stroam on October 15, 1037, and
enllected 18 dead adult, Chincok Salmon (10 males and 8 females)
which were spent fish, and also one fmmature 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 vesidents 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 Uctober, All available evidence indicated
that attempts of the fish to spawn had been successful.  Thers were
several mounds of freshly washed gravel o the stream. which ape
peared to be sulmon redds; the eight adult females found on Ovtober
15 werg all spent, but each contained & fow ripo oggs which hud not
boon spawned but which indieated mutirity; and these samoe vight
females all showed evidenee of having dug their nests in that the tail
fin and the skin and seales from the under side of the tail ead of the
bodyv were badly worn.  The suecess of this natusal reproduction i
not known. In the writer’s opinion, the Chinook spawning in this
section of the outlet was not & fair test of the possibibity of sueeess of
nstural reproduction of the species in Maine waters, There was only
n very limited spawning ares available; and it appeared probable
that the nests of mest of the carly spawnoers had been dug up by the
late spawnens, for gpproximately 30 fomnbes hud spawned in » region
where spawning grounds were available for less than 10 fish.  Exami-
nion of the seales of the 10 Chinools; which were found dead on
October 15, showed that all of the spawning mules were five years
old, and that most of the spawniog fomueles were four years ald.  The
18 adult fsh were from young of 1983 and 1934, during which years
plantings of Chinooks in Coblasseccontee 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 revesled
that rapid growth, presumably in the lake, started the second year,
and that the rate of growth insreased with age. The individual
lengths and sges of these IS adult, snd one immature, chinooks from
Cobbossee Stream on October 15, 1937, were ax follows:
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Land-locked Salmon (Salmoe wlayo). The Land-locked Salmon
was not native to any of the present group of lnkes nnd ponds of the
Androseoggin and Kenncbee tver drainages. For many vears, how-
ever, the species has been widely distributed, by fish eulfuenl Dperie
tions, in lakes of southern Maine and mcluding the present group of
lukes, The State Fish and Gume Department has planted the spe-
cies, during the past seven vears, in 16 of these lakes and ponds,
mostly in the lurger and decpor ones  Land-locked Salmon were
tuken by gill nets from Auburn, Webl, Sand, Great, and Embden
ponds, and reports by Jocal wardens indicated that the species occurs
in several other lakes of the arves

Brown Trourt (Salwo rutla).  The Brown Trout has been planted in
12 of the lakes and ponds and in many tributary steemmns in the area
during the past seven yvears. These plantings have been mostly in
the lnkes of the Androwoggm Watershed, nnd the heaviest planting-
hove been made in Androscogein and Cobbosseccontee lukes, and
Taylor, Flying, and Cochnewsgan ponds. No Brown Trout were
taken hy the several gill net sets in these lakes,

Rainbow Trout (Salmo guirdrceds (ndews),  The Hainbow Trout
hus been planted in 10 of the present group of lakes and ponds, most
honvily in Cobbossseeontes Lake and in North and Bost ponds of
the Belgrade chain.  None were taken by our nets,
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Togue or Lake Trout (Cristivomer n. namayeush), The Toguo or
Lake Trout had been planted i 12 of these lukes 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 tovk Togue from South, Narrows, and Embden ponds, and sev-
eny) other lakes in the ares are known to be good Togue waters.

Brook Trout or “'Square-tail'' (Seleelinus f, fontinalia). Of all of
the sslmonlds, the Brook Troul hus been planted in the greatest
numbers and among the greatest number of ponds of te ares.  Dur-
ing the preceding seven years the species had beon planted in 29 of
the lakes, and extensively in the streams of this urea. Wao obtained
trout by gill net from Plesssnt, Snow, Long nnd Great ponds

Family Catostomidae, Suckers

Common Sucker (Catostomus c. commersonnit). The Common
Sucker is one of the most abundant and widely distributed fish in the
ares. It was taken by nets in 32 lakes, and wardens reported it to be
present v all of the waters with the possible exception of Beery, Sandy,
and Embden ponds.  The species was taken by net from Embden
Pond, and it seoms probable that it is present ool of theso lnkes.
The Common Sucker i apparcatly even move widespread o its dis-
tribution in this area than is the White Perch; and it is second in
abundance only to the White Perch. Suckers from one (0 two pounds=
mowoight, and sometimes more, were taken from moet of the lakea

Family Cyprinidae, Minnows

Black-nosed Dace (Rhinickthys o oleatulus).  This is typieally »
stroam fizsh, It was taken only from Embden Pond by seine. It is
possibly more widesprend in the streams of the area,

Fallfish (Leweosomus corporates). The Fallfish was taken commonly
by seines and occasionally by gill nets from M of the lakes and ponds.
Several of thoss taken by gill nets were from one to two pounds in
weight, According to our records, it is the second most abundant
spacies of minnow in the lakes of this area

Common Shiner ( Notropie ¢ cornutius).  This specles is usually
more nbundant in strcams than in lakes It was taken by seines
from four lakes,

Golden Shiner ( Notowregonus ¢. cryaolewoas). The Golden Shincr
was found to be the most abundant and widesproad species of min-
now in lakes of this area. It is more Lypieally a luke or pond hsh.
Individuals up to 10 inches long were taken by @l nets from <ix of
the lakes.
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Fumily Ameiuridae, Bullhowds

Horned Pourt or Brown Bullhead (Ameiwrus n, nebulosus). The
Horned Pout or Ballhead was found to be widespread in the area,
particulardy in lakes of the Kennebee River drainage where it 19 fairly
gbundant in some lskes. It reaches a length in these waters of about
one foot.

Family Esocidae, Pickerel

Common Pickerel or Chain Pickerel (Ksox niger)  'This is ove of
the four abundant specics of warm-water game fishes in the Siate,
It was found to be ono of the most widesprond in its distribution in
Inkes of the present survey, having been taken from 32 lakes und
ponds.  Most individuals taken by gll net were about two pounds
in weight, while o few were a8 large as three nnd one-hall pounds.

Family Anguillidae, el

Eel (Anguiila bostomiensis). No eels were collected by our nets; how-
ever, the species has necess from the ses to most of these lakes and
ponds, and is undoabtedly present in moest of them as indieated by
the wardens' roports.

Family Cyprinodontidae, Killifshes

Banded Killifish (Fundidus & diacphonus).  This fish i= sometimes
referred to by fishormoen ns a “mionnow,” bt it helongs to o different
family. It has a maximum length of about three inches, Tt i tvpi-
cadly o lake fish, being found mostly on extensive lake shallows. It
was taken by seine from five lakes, one in the Androsooggin River
drainage and four in the Kennebee. These were mostly large lakes
with extensive wave-swept shallows

Family Moronidae, River basses

White Perch (Morome americana). The White Perch is one of the
most widespread of the four species of warm-water game fishes of the
ares. Judging from our @il net eollections, it is the most sbundant of
all of the larger fish; the 36 gill net =ots in 40 Jakes 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 maost
commonly found in the stomnchs of the game fishes, the other two be-
ing the Smelt and Yellow Pereh.

Tamily Percidae, Perches

Yellow Perch (Peren fluwseens). The Yellow Perch is one of the
most widespread and sbundsnt of the four warm-water game species
of the area, Although it is here referred to as o gae species, it i3
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setunlly of little intercst to Maioe fishermen, either for food or for
sport.  The minor interest on the part of fishcrmen in the Yellow
Perch ie probably due to the facts that it is wsually smaller than the
White Perch und it tonds to bo commonly infested with grubs (lnrval
flukes).  Young Yellow Perels were found to be s very important
food ftem in the diet of the lurger game fishes.

Pike Perch or Walleyed Pike iStizostedion wireum). The Pike
Perch was introdueed into Great Pond of the Belgrade Lakes about
twenty-five years ago, necording to loenl reports. The spovies is wdll
established in this luke at the preseat time.  Our gill nets ook cight
adult Pike Pereh from deep water in Great Pond; these fish weighed
from three and ove-hall to seven peands ewch. Winden reports indi-
cated that the species has speead down stream (o Long Pond and
Snow Pond, bat it ix not so sbundant in these two lakes u= it & in
Grest Pond,  The Pike Perch in Groat Pond affords considerable
fishing by night spearing on the =pawning grounds in the spring (see
Platex XXIV and XXV}, The principal spawning grounds known
to fishermen and from which this fish is speared ave on the shallows
off the mouth of Salmon Stream or Hutchery Brook near North Bel-
grade, around Pine Island, around Foster's or Pinkhan’s Point, over
the shallows which extend from Pine Island to Horse Point, and off
Snake Point in the northeast arm of the lake {0 map, Figuare 44},
The most fish ame speaecd off the mouth of Hatchory Brook. The
fsh are 1 be found on thelr spayning grounds s soon as the surface
of the water is froe of fees  Thy State Fish and Gume Departmont
Las had no resteictions on spearing Pike Perch in Great Pond for the
past eight vears, During the first season, spearing was confined to
the mouth of Hatchery Biook; and, mecoeding to Warden Arthur
Rogers, 1,700 Pike Porel were so taken.  According to Rogers, the
avernge annual eateh by =pearing during the past few vears has been
spveral hundred fish

Family Centrarchidae, Basses and sunfishes

Small-mouthed Black Bass (Microptorus dolomieu). The Sroall-
mouthed Rass was not native to Maine, but was introduced hore
many venrs agn. It is now so widespread in southern Maine as to be
more important than some of our native species. It 1= known to
oceur m at least 48, if not all, of the &3 lakes studied by the survey,
The gill nets took fower lurge bass than they ook White Perch, Yel-
low Perch, or Pickerel.  [n the writer’s opinion, this does not neces-
sarily indicate o smaller populition of bess thun of these other spe-
vies, Tor bass appear to avold gill nets; thus the comparative numbers
of these species tuken by our gill nets (5 page 103) may not be sig-
piflcant in pelation to relative sbundsoes of bass.  Bass wire taken in
31 lnkes and ponds in the wsrea,
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The bass tapeworm was found to be present in thiee different
“lake-units” in the area: Pocasset, Parker, and Flying ponds of the
Androscoggin River deminage. Cobhosseecontee Lake: and Snow,
Great, North, and East pends of the Belgrades, The buss which
were obtained from these lakes were mostly heavily infested with
thi= psrasite (zec Tuble XVI1).

Large-mouthed Black Bass ( 1w salmoides), The Large-mouthed
Bass i not native to Mupine. It has been introduced into several
lakess in tho southern part of the SBtato, but is not noerly 20 widesproad
ue the Smallemonthed. It was found to he present in two “lake-
units™ of the aren: in Poeasset, Tovejoy, David, and Echo ponds,
and in the Belgrade ehain.  The species was collected from only ong
pond of the Belgrades (Long Pond), but was reparted by Wardens to
be present in other lakes of this ehain,

Red-bellied Sunfish (Lepomis auritus), This is one of the two
spocies of sunfishes which are widely distributed in Maing, In lskes
of the present area it is less abundant and less widespread than the
Common or Pumpkinseed Sunfish, It i3 présent in both the Ap-
droscoggin and Kennebee river deainages. It was not found te be
abundant in the Belgrade Chain, for our only record for the species
there was 4 single fish from the stomach of a Yellow Perch from Long
Pond.

Pumpkinseed Sunfish or Common Sunfish (Lepomis gibhosus)
The Pumpkinseed or Common Sunfish is the most abundant of the
two species of sunfishes in the present group of lnkes. Our nets took
this species from 33 lakes and ponds, or from more waters than any
other gimgle species of fish. Fish up 10 8 to 10 inches Jong werr oom-
monly taken in gll nets from many of the lakes.

Hybrid sunfish (Lepomis auritus X Lepomiz gibbosus), ‘Thirteen
individuals of hybrids betweon the two species of Maine sunfishes
were taken from six Jakes in all of which either one or both of the
parent species were also collected,

Fumily Cottidae, Sculping

Fresh.water Sculpin (Coltus cognatus). Our only record of this fish
was a single individus] from the stomach of & White Perch from
Maranseook Lake

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

son Lake, and Parker and Flving 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 americarna)

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 i
apparently involved in several important fish-management problems.
It tends to beeome very abundant and dwarfod in many lakes, which
dwarfing may be due o lmitations of the food sapply. Tn its feeding
it i more or less competitive with most of the other game fishes in the
etate, and there ia copsiderable ovidence that ite abundance in eer-
tain lakes iz deleterions to trout oy salmon populations. On the
other hand, young perch are an important item in the diet of bass,
pickercl, amd other game spocies.  Sinee the perch is such an impor-
tant fish to the fishermun, snd sinee it spparentiy has important re-
Intionships to our other game species, it i3 of utmost importance that
an understanding of these probleme involyving the White Pereh be
obtained, so that proper and effeetive methods might be developed
for the managemont of perch populations,

During the 1940 survey of lakes and ponds of the Androscoggin
and Kennebee river drainages, and during the 1938 survey of lakes
and ponds of the Suco and Presumpscot river drainages, o consider-
able number of White Perch was obtained; and these fish, tegether
with colloctions from a few other loealitics, are the subjoot of the
present diseussion of food habits and sge and growth of this species.
This aceount iz based on 2,066 fish from 45 lakes and ponds, of which
food habits studies sre based on the examimstion of stomachs of 1,757
perch from 42 lakes and ponds, and studies an age and growth are
based on the examination of scales of 1827 fish from 43 lakes and
ponds.  (The numbers of fish from each lake are given in Tables X,
XIT, and XIV,) Most of these colleetions of pereh werg tuken with
experimental gl nets of the type deseribed on page 100, orof azimilar
type with meshes of various sizes and designed to take fish of various
sizes.  Exceptions are the collections of perch from Graham Lake
which weee taken by hook and line; aud the Februaey 3, 1940 collec-
tion of fish from Grest Pond which were collected [rom the sercen in
the outlet of thie pond, where these migrating fish had been forced
against the sereen by the water eurrent. These perch represent
catches by only one gill net set for some lakes, and from two to twelve
net sots 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 distnbuted sccording to depth approximately
in proporticn 1o 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-
wn, 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 eatching fish of different sizes. Of the
2,058 perch from the 45 lakes, 1822 fish were taken from 44 of the
lakes by a total of 80 individual gll net sets, cach net set being at a
different locality within o given lake, Approximately half as many
additional net sets were made in these same Inkes, mostiv at grenter
depths, without catehing any perch,  Thiz amount of sampling by
nets was presumably sufficient to give an aceurste picture of the perch
population of this group of Iskes as a whole, The ability of the gill
nets to eateh perch of various sizes i3 readily indicated by the length
fraquency 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 X1V), 1,503 fish were collected from 42 lakes by
experimental gill nets. The length frequency distributions of body
or standard lengths i millimeters, by frequency classos, of these
1,603 White Perch, for groups of lukes and some individual lakes
(A o G — see below), wore as follows:

AEL K30 030 140 250 300 7L 150 100 208 00230 231 B 351 201 3TL N1 208 300 Tuiet
W o W W W v W WL b 0 0 W1 L W W W Wt v
T30 130 10 130 160 170 180 190 200 210 235 230 210 250 200 270 230 200 300 110

. . 30 23 17 M A B 10 19 13 10 2628 20 16 2 2 3 1 M8
24713 3 AT 41 I 30 40 2 M M1 OB 4 F L. . . 0w
o JEUBAL S SO SR Ve R g T 3 il
B LN 4B W 8 F L. L JL % 1Ha
Ly S e Y A A e . 5 - b e RN lﬂ
217 4 3111 33 L LA U . 1 1

« BT6 T2 W 0 13 11 &3 13 13 & 7T 6 2 '

480
Todpl 2708 200 107 0T BN 00 J0G M7 L6 TR 8 04 44 A% 2 0 0 @ T 1o

in which the White Perch from differont Inkes wore groupod ss fallows:

A = All callecticns made m HKES (from 15 lakes),

B = Al colieetions from the Belgmde Chnin of Iakes (Snow, Long, Greut, North,
nnd Bast), except the Febeunry 35, 1990 collection from Great Poad.

= Collections from Snbattus Pood.
D &« Colleotions from Webb Lake,
E = Colleetaom from Cochnowagan Pond.
F = Collections from Pushaw Pand,
G = All other collections mucde 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 stredched mwasure, plus o 70-foot section of net with
2 3/8-inch mesh and n 30-foot section with 2%-inch mesh, All other
collections were made with 375-foot nets of five 75400t scctions of
4-, 2-, 6-, 3-, and Sinch mesh. Judging from tho longth frequencies
of the 1,593 fish, these nets wore ineapnble of catching White Porch

123



of & body length of less thsn shout 120 millimeters or o total length
uf about 6 inches.  Of perch above & lengtl of 120 millimeters the
nets took large and fairly uniform numbers of fish of esch size-group,
with gradually deercasing numbers of fish in the size-groups above
210 millimeters.  This decrease in numbers among siz-groups of
over 210 millieters in body length, or 2bout 10 inches in total length,
was o be expected judging from the usual maximum #ize of the spe-
ok in tho difforont lakes as known from returnz of fishing, Within
the above longth-froquency diztabution of all perch, the high num-
bar of fish in the 131140 elass, and the ralutively low number in the
T1-180 clas=, muy wnrrant further comment, The 131- to 140-mil-
Jimeter Gsh were canght mostly in the 2-inch mesh, and fish of this
sise might have been captured more readily than slightly lager or
smaller fish by this size of petting.  The Jow number of 171- to 180-
millimeter fish, ax compared to the kigh numbers of fish from 181 to
210 millimeters, may have been due to net seleetivity to some extent
but was obviousiy due more to other fastors, ingluding schooling of
the fish in sgize groups or other pecaliarities of size distribution of
perch in the individual lakes, The relatively high numbers of perch
from 191 to 210 mitfimeters in longth, for example, were stiributable
muostly to the single gill net collection of 103 fish from Clochnewsgan
Pond; this collection obviously reprosented a1 school of uniformly
large fish, The fish, smaller than 120 miflimeters, which the net
fuiled to eatch were naturally the younger fish, No first- or second-
year fish were included in the eollections, and only 9 fsh in their
third summer of life were present.  The 1,593 White Perch were dis-
tiibuted secording to age (includes the calendar year in which they
were collected) as follows:

Buramer
of lifer 111 YV ¥ VIOV VI X N O XEXI X XIV XY XV Xvi

Nwnber
ki D 206 183 2O 227 211 U1 1 1M a2 22 " & 1 L}

The fish from Grabam Lake and tho fish in the February 3, 1940
colleetion from Great Pond nko were sl at least 4 summers old
I'ood hahits studics were made on zome White Perch of which the
ages wers not determined ; howaver, these fish were of the same gon-
oral size mnge, and presumable age composition, as were the 1.503
fish cited above. The present studies on food habits and age and
growth, thercfore, deal with samples of fish mostly above 6 inches in
total length and st Jeast 4 sammenrs old; and these fish were distrib-
uted fairly uniformly throughout the size and sge distribution above
these limits in proportion o an expected normal fife eyele.

Stomachs of the perch wore presorved in 10 per cent formalin,  The
food items in each stomach were counted, The total volume of food
in cach stomach, and the volumes of each type, were measured by
water displacement; the smallest volumes were estimated as parts
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of & mensurcd total volime of the contents of an individual stomagh,
Lengths and weights were taken from the fish in a fresh condition.
The perch were measured mostly to the nearest millimeoter; in some
istunces (o the nesrest 0.5 centimetor or to 1716 inch, Al lengths
are hero given Lo the nesrest 0.1 joch. Weights were taken to the
nearcat gram, and ans here gives to the nearest 0.1 ounes,  Age deter-
minations were made from the senles, mostly from plastacele impros-
sinms

Food habits of the White Perch. The 1,757 White Porch, on
which this secount iz based, were from 42 lakes and ponds. They
were collected mostly during the summer (June 13 1o September 15),
the exceptions bemg fish from Graham Lake, Pushaw Pond, and the
1936 collection Hom Long Pond of the Belgrades. They were col-
loeted mostly by gill nets, and more by over-night sets than by day-
time sets, but in conmdernble numbers by the latter.  They were
collected from a wide mnge in depth of water. The present results,
therefore, represent average feeding babits of perch, over 6 inches in
length, during the summer months. The number and size mnge of
White Perch from coch lake, the dates of colloetion, the total stomach
contents, and the volumes and vumbers of differont types of food
organi=ms in the stomachs, are given for the 1940 survey colleetions
in Tabie X1 and for other collections and other Inkes in Table XTL

The summer diet of the White Perch was slmost sxclusively of
arthropods and fish, with the arthropods the much more important
of the two,  Almost no vegotable material was found in the stomachs,
OF the srihropods, the aquatic inseets were most important, watoer
feas nod fresh-water shrimp were of some importance, and fervestrial
insects were of almost no importance.  Mayfly nymphs made up
ubout hall of the total volume of feod from all pereh. Next in impor-
tance among the aquatic insects were caddisfly lacves, dragonfly
nymphs, and midge larvae. Alderfly larvae, mosquito larvae, and
other aquatin inscets were of less importance, Among the fieshes, g0
far as they could be identified, the moat important items in the peroh
diat wera the Smelt, Yellow Perch, and White Perch. Leeches, aquatic
parthworms, small clams, and snails were of little importance, The
water fless taken from all perch represented only about 5 per cent
of the total volume of feod; on the other hand, the total number
(over 100,000) of water fleas was much greater than of any other
type ol food, nnd their ocourrence 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. (Table XI), of which the per-
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centages made up by different types of food onganisms were as follows:

Tevehes . .......... 000+ Anls. . Genasins 1L80
Aquntic sartbworms .08 Tnmct rocsains. . . 0,08
‘iler Heas . 5.75 All agautic insects 60 29
Fresh-water ahnmp 2.8 Watee mdtes, | . 0004

Craylsh e ' 4.08 Bunibs. L. { 0.0z
All Crustaceans 12.00 i rhvm 001
Aldeefly barvae ., 1.8 Smaelt Py LR
Mmﬂy nymplsE. .2 mm-:. . 0.9
mermﬂy nymp\n 550 Yellow Perch 1008
ﬂ{ nymphs 023 White Perch 3.79

Ihck i mmm- \ .00 4 Freshiowator *utplu 0.01
03 Fish nmudm 230

(!nddhty hmw. 3.27 All fish : 26.27
Crupefly Rrvae. . 0004 Vegetation ... ... 0.0
Midge Iarvae 3.18 nknown n.58
Mosquito lurvae 1.97 e
Total. 10000

The 505 pereh from collections from other than the 190 summer
survey conlalned mostly these sume food tyvpes in sboul the same
proportions, notuble differences beng greater pereentages of dragons
fly nymphs and enddisfiy lnrvne {Table XI1).

The preseat 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 examing the degree of selee-
tivity exhibited by this fish in its feeding habits. This present com-
parison desls only with the organisms of the bottom fauns 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 eollectod during the
summer of 1940 and for bottom samples collected from the same
Inkes during the same period.  The data used to represent the bot-
tom faunn (from Table VII) are the average amounts of different
types of organigms in all bottom samples from each lake; they pre-
sumshly represent, therefore, the bottom fauna for each luke ns a
whole, The perch were collected by gill nets from different depth
ranges in the different lakes: but were collected move 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 fauns (400
botton samples) and stomach coutents of White Perch (1,249 fish).
Comparative figures on volumes and numbers of vach type of bottom
organiam in the bottom fauna and in the perch stomachs are given
for each lake, and for all lakea eombined, 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 fgures for the bottom fauna are the percentuges of
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the volume and number of cach type of organism in the bottom fauna.
The totals, given at the end of Table XTI, 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 concusions to be deawn from this comparisan
relate to the role of the molluses, Msylics, and midges in the diet of
the White Perch, and to the differences involved in using either vol-
ames or numbers as the basis for the comparison. It ki been shown
proviously (page 125) thot, among 1,757 pereh from 42 lakes, mpailz
and clams were fed upon only to a very small extent. Amaong the
perch referred to m the present comparizon of faod with the bottom
founa, prastically no molluses were present in the stomachs, even
though they were relatively abundant in the bottom fauna. The
obyious conelusion is that these White Perch were almost completely
avoiding snails and clums in their feeding  This svoidanee of the
molluges could not be attributed to their large size, for the 2aails of
the family Amnicolidae, the pill elams, and most of the other mol-
foses, wern sl enough to be eaten readily.  These 1,249 fish from
the 23 [okes had fed mostly on squatio inscots and fresf-water sheimp
of the bottom fauna, The question of the wse of volumes of organ-
ieme 82 4 measure bf seleotive focding, as opposed to the uee of num-
bers, must be considersd in evaluating the results of this comparson.
The number of food organisms is peesimably the better indox of the
amount of effort on the part of the fish in seeking and eapturing its
food; while volume of food is presumably the better indox of the
amount of benefit which the fish obtains from it. A eomparison of
nunbers with volumes gives an index of the degree to which the fish
seloets the lurger or smaller organmsms of a given type. From the
stundpoint of numbens of organisms, these peech bid fed mostly on
the Tour most abundant types (exeept molluses) of food, Le., midge
farvae, [resh-waler shrimp, mosgquito larvae, and Maylly nymphs.
Noarly half (4957) of the bottom orgunisms which they contained
were midges: and thy midges spperently were being sclooted to a
considerable extent, sinee they made up only 29 per cont of the bot-
fom fauna. A still grester degree of sslectivity was indicated for
lmd:—water shrimp which made up 22 per eent of all bottom organ-
i=ms in the perch but made up enly 5 per cent of the bottom fauns,
Some numerical selectivity was alza shown for Mayflies nnd caddis-
flies, The numerical selectivity for these types of inscets was mostly
the resull of the fact that molluses were avoided, Mosquito larvse
were relatively somewhat more sbundant in the bottom fauna than
in the perch stomachs,  From the standpoint of volume of food or-
gounisms, these perch had fed mostly on Maylly nymphs (66%), and
anly to o slight extent on dregonflies, caddisflies, midges, crayfish,
frosh-water shrimp, and mosquitoes. Thus while Mayflics were
minor item numerieally, they wore by far the most important from
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the stundpoint of volume; in comparizon, the midges, shrimp, and
meagquitos were of grostor numerionl importanes but of minor impor-
tance from the standpoint of volume. The perch were selocting more
volume of Mayflies, in proportion to what was available, then of any
other food type, but were also selecting more volume of most other
ihsects;  this selectivity for quantity of insects was the result. of an
avoidanee of the molluses which made up o Inrger peoportion of the
bottom Faung volumetrenily than numedeally.  The faet thst the
oumeries] oretrrence of Mavflies was velativdy small, while their
pecurrenee by volume was gront, indicates that the perch woene seleet-
ing by far the larger Mayflies and avolding the smaller ones.  On the
other luud, the duty for the midge Lavae would fndicste just the
reverse i selectivity, te,, that the pereh weee sclecting tho smalles
midges and svoiding the lorger ones; such o habit, in the writor’s
opinion, is difficult to aseribe to the White Porch with its large mouth
and vorieions feeding habits, unless it 15 due more to necessity than
witllul selectivity,  In fuet, it 32 quite possble that most or all of the
tendenvices townrd sclectivity in the feeding habits of the White Perch,
s aindieated from these data, muy have been more the eesult of varia-
tions in availubility of different tvpes or sizes of food orgunisms, either
as these organisms were distributed over different depths of the Jakes
or as thoy were buried to different, depths in the bottowm soif, than to
willful selectivity by the fish, 1o either event, the results indicate
the smount of vach type of bottom Teod which was eaten by the fish
as compared to the amount of vach type prescnt in the bottom fauna,

Age and growth of the White Perch. Thiv avecunt of the nge,
growth, nixd refated phenomens in the life history of the White Pereh
has heen based on a study of the seales (mostly plastacele impres-
sions) of 1,827 fish from 43 lakes. The names of the lakes, the num-
ber of figh from each, and the dates of colleetion are given in Table
X1V, Practionlly all of these fish were over 6 inches in total length,
but above this length the sizodrequency distribution of the fish was
fairly uniform but with gradoasily deercasing numbers of larger fish,
As hos aleeady been pointed out (page 124), the amission of fish less
than 6 nclus long has resalted o the omission of almost oll Gsh less
than 4 summers old.  The study therefore deals with Gsh mostly st
feast 4 summers old and mogtly over 8 inches in length (the legal
length Limit for this species in Muaine). The present sccount 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 seales of the White Perch,
and the characteristics of the annulus or “winter mark," are described
here very briefly.  Several photographs of plastacele impressions of
perch seales are reproduced on Plates IV to XX I The White Perch
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seale s very similar 1o the seales of centrarehid fishes, of which & de-
tailed desoription has beon given by Creaser (1926).  The soales of the
White Perch {and of other hony fishes) nee flat or slightly rounded
plates, made up of two layers. The outer or hyalodentine luyer is o
deposit of mineral salts. On the surface of this outer layer are num-
erons ridges or eircnli, composed also of hardened deposits of mineeal
salts and arranged semisoncentrically sround the anterior (or upper,
on Plates IV to XXIII) part of the scale. During growth of the fish
the scale 15 enlarged by the addition of scale material around its
margin, and the ridges or zirculi are added near the expanding mar-
gin, Usually, many ridges are formed during each growing season,
and their shape and srrangement vary with the different parts of a
growing season,  The nonulus, or “venr mark,” or “winter mark,”
is n line of demarestion of the interruption of the circuli formation
in the fall as it is followed by a different formation of the circuli of
the following spring or summer. The chied churacteristics of the
nnnulus of the White Perch sealo, ne ovidont in the sceompanying
senle photographs, are ss follows:

(1) The eirculi of late fall growth are left incomplete along the
luteral manging of the seale by & cessation of growth during the
winter. When scale growth is resumed the following spring,
these incomplete cireuli or ridges are not extended but are left
incomplete: rather, the fisst circulus formed in the spring com-
pletely encireles most of the sende, “eutting aeross” the ends
of the incomplete cirenli of the preceding fall,  (See especially
Plate IX)

{2) The firsst eirculus forming in the speing, after the 3ed or 4th
“winter mark," curves uniformly around the posteroisteral
Beld of the seale, Suecessive circuli or ridges passing acress
this field tend to flare outward mere and more as the sesle
grows dunng that season.  This flaring i= then interrupted by
the first, circulus of the following spring. (See Plate 1X.)

{3} In the anterior feld of tho seale, botweon radi, seetions of
those cieeuli which aro formed during normal growth tond to
eurve townnd the foeus of tho seale.  With resumption of
growth in the spring, the segments of the first cirealus between
the radii in this anterior field tend to be steaight.  These
straight. segments of thig first spring circulus tend to form a
straight line across this ficdd, in contrast to the curved seg-
ments of the preceding and following civeuli.  (See Plates X1
and XIX.)

The ages of the pecch here diseussed 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 tho 1,827 White
Perch was determined, and these fish have been combined by age
groupe for each lake. The number of fish, and their aversge lengths
and weight aad ranges in lengths and weight ave given for each sge
group for each lake in Tahle X1V, 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 callection from Great Pond;
for example, a V-fish collected in the summer of 1940 was a young of
the year 1436,

The smalleet fish taken from maost of the lukes wore about 6 to 614
inches in total length, and were of about 134 ounces in weight, hut
theae minimum lengths and weights are of Bttle special interpst ex-
cept that they indicate the lower size limit of fish taken by the nets.
The maximum size i= of more interest, sinee our collections were pre-
sumably representative ssmples of the lurger fish. Perch over 10
inches in length were taken from most of the lakes; fish over 12 inches
m length were taken from more than half of the lukes; and pereh at
least 14 inches long were takon from 4 [akes, The two largest fish
were 14,4 inches long and were from Sebago Luke and Bear Pond,
These larger fish were mostly over a pound in weight (fsh from 15
Inkes); fish of over 20 ounces in weight wore obtnined from 6 lakee;
gnd the henviest fish of 27.2 ounces wus tho 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 onr samples above a length of
about 10 inches, indiesting o considernble mortality among perch
after this size is reached,

The age distribution of these fieh taken by gill net has boon cited
previously (page 124). If to this frequency are sdded the perch taken
by other means (ages a= given in Table X1V}, the following age fro-
gueney for all fish is obtained:

Parmoar
of Bhp: IIT BV V. ONT VIT VIO IX X XTI X1 XIIF XIV XY XVI Xyn

Nutribwer
of Behii 10 234 106 X2 270 206 SI5 101 JIN 42 2 M b 1 |

The oldest fish, in its 17th summer of lifo (s00 Plates XXIT nod
XXII), was from Webb Lake m Weld 13 waz 12.3 inches long and
weighed 14.6 ounces; it was, therefore, far from heing the largest
perch.  The second oldest fish, in its 16th summer, was also from Webb
Luke; it was only 11.9 inehes long and weighed only 11.0 ounoces.
One of the five 15-year fish was also from Webb Lake, and weighed
only 7.1 ounces. The remaining four 15-year fish were from Andro-
seoggin Lake, Great Pond, and Pushaw Pond.  Fish from 12 to 14
years old were taken from many lakes, and fish at lesst 10 venrs old
were found in practically all of thoss lakes from which relatively
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large collections of perch were obtained. The inference from these
figures on age distriibution is that, of these perch which reach a length
of at lesst 6 inches, a considorable per cent live to be at least 8 to 10
vears old, after which the rate of mortality increases greatly. The
ubove figures on number of perch in the ITIwlaszs to Voclass desorve
further comment.  As almady mentioned, the almost complete ab-
sence of 111-fish ws= obviously due to faiture of the net to eateh theso
=mull fish. There 15 evidenoe that the low numbers of IV- und V-fish,
ns compared to VI-fish, were also due to failure of the nets to eatch
representative samples of these age groups.  As will be discussed
later, in many lakes the perch were growing so slowly that few indi-
vidusls reached n Jength of 6 inches before they were 4 to 6 vears old,
and presumably the acleoting gill net caught only the hugest indi-
viduals, und relstively small numbers of fsh, of these vounger uge
groups.

Rate of growth., The rate of growth of the White Perch in the
presont group of lakes and ponde may be summarized from the data
given in Tably XTIV, The numbers of fish, representing certain age
gronges and cortain lnkes, e obyiously not adequate to show sverage
growth for these individual age groups and Iakes, However, nmong
those Jakes from which from 25 to over 300 pereh are represented,
the trend in growth among conseeutive age groups is sufficient
orderdy to indicate that the pge gronps were fairly well represented
the same is true for the nomber of fish in different. age groups for all
lakes combined.  The mte of growth of the pereh in this group of
lakes 65 u whole may be vepresented by the unwelghted averages of
nversge lengths and woights for those age gooups represeated Trom
the different lakes: thess averages for body leagth in inches and
waight in ounces, for the age groups e given in Table XIV, are as
follows:

Ap

mp' Hr o ¥ N VI VI N X XTI ONTEXIN XIV- XY XYL XY
By

ingih,

indosi BT A0 0,8 A7 L .0 B0 B AT 20 LRG0 L8 LU 00
Weight

ol 20 24 63 47 L0 T T R4 5420 L8 KLA LA ILD

Theso average lengths nnd weighis are indiested o= an age-length
vurve by the heavy line in Figure 5 and un sgo-weight curve by the
heavy line in Figuw 6. Thess average lengths and weights shonld be
interproted with the knowledge of the failure of the net to eateh the
amuller fish, The age-length eurves for the individual bikes (Figure 5),
and the nge-weight curves for some individual lakes (Vigure 6), re-
fect the fact that the nets caught only the lsrger individuals of the
younger age groups, especially from theee 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 snd weight for IT1-fish are,
presumably, much too large; and the figures for [V-fish to VI-fish
ure, to & decreasing degree, also somewhat too high. Judging from
seale dinmetors (nol measured), the true average lengths of T11-, TV-,
and Vefish from these lakes as 0 whole might, be =et at approximately
1, 5, and 6 inches, and their v.mghta adjusted accordingly, A fairly
neeurate pieture of aversge growth is presumably indicated by the
ashove figures atar(mg with the VI-fish. The average growth of the
White Tereh in these lakes 18 obviously very slow, ss compared to
the growth of sach fresh-water game fishes in Muine as the bass,
pickerel, trout, and salmon (Judging from rather limited studies of
these other spocies in Maino), It reqoirs more than threo yonrs for
the White Percl to reach the legal limit of 6 inehes, and such siall
fish arce still of little interest or are little prized by fishermen; the
more desicable size of 10 inches (total length) or V4 pound requires
about 10 yeaes of growth; und the espeecially prized fish of over a
pound in weight, in most Iakes, take from 12 to 15 vears to resch this
size. It should be noted, among the preceding figures on average
growth, that tength and weight increased steadily up to an age of
about 13 1o 14 vears, after which the trond was ervatic, and =some of
the older fish were not so large 12 some of the younger ones,  The
explpnation may be seen in Figures 5 and 6, namely, that in those
lakes in genersl where the ish geew more rapidly, they did not live
10 50 grent an nge s they did in lskes where they grew moge sowly.
In other words, White Pereh live longer in waters whers they grow
more dowly — a phenomensn which has been recogniged to apply to
mnny species of fishes, This tendeney for o grenter age in those
lakes where growth was slower may be affirned by & numerieal con-
prerison: OF the 20 lakes from which ab least 10 pereh were obtained,
the aversge growth of the White Perch from 17 lakes was below the
avoerage, ax compared to all perch, while the growth of pereh from 12
lakes was sbove the sverage (see page 151); the aversge age of the
1,323 perch represonting 15 age groups from those lakes wheze growth
was alow was 7.6 vears, while the avernge age of the 469 perch repre-
senting 12 sge groups from those lakes where growth was more rapid
was 6.9 yoars (selectivity of the @ll net might secount for part of
this difference, but not for all of it — see page 123).

The variation, between the differont lakes, in average lengths of
Ash of given wges may be seen in Table XTIV and Figure 5; in this
figure the individual Inkes are not identified. This degree of varia-
tion in rate of growth may be expressed quantitatively, ie, by the
differenee between the avernge growth of fish in any one lake and
the average growth of figh in the lakes as a whole, Numerieal values,
ropreacnting this variation m growth, have boen caleulated for thoss
lakes ropresentod by ut least ten fish.  These values, which might he
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TABLE XIV. Age and growth of White Perchh — Continoed
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TABLE XIV. Age and growth of White Perch — Continued
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TABLE XIV. Age and growth of White Perch — Ceontinued
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TABLE XIV. Age and growth of White Perch — Continued
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TABLE X1V, Age and growth of White Perch = Continued
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TABLE X1V, Age and growth of White Perch — Continued
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TABLE X1V, Age and growth of White Perch — Continved
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TABLE XIV. Age and growth of White Perch — Continued
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TABLE X1V,

Age and growth of Whire Perch =~ Concluded
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TABLE XV. ‘The mare of groweh of Whire Perch from 20 Inkes, as com ro food

and feeding habirs, donsity of fish populations, and 1ype of
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termed growth indices, were obtained by comparing average body
lengths for individual nge groups from each lake with the average
lengths (given in the preceding paragraph) for corresponding age
groups for all lnkes combined; the sum of length differences by which
growth was above the avernge, minus the sum of length differences
by which growth was bedow the nvernge, was divided by the number
of age groups mvolved ; and the resultant figure, or growth index, for
ench lnke was thus the average amount by which the average lengths
for individual age groups varied above or below the sverage lengths
for the different age groups for all lakes combined. These average
deviazions of bedy length in inches, and the number of age groups
involved, for White Perch for the lakes s given in Table X1V, were
a8 follows:

Devistion Doviation
in bength  Number is Jongth  Numbem
from nge {roen agr
lake AVOTARS  RUOUps Lake AVOIMED  ronign
Sabuttus, . .. ... 2.0 T Grest: Feb, 3 -0, 4 7
Tripp . .. 1.0 L) Crest: June to
.:udum ....... —1.4 5 Jly s 0.3 11
Andreseoggin —1.3 X Great: Sept. ... —0.7 5
lkmtm ) 2 9 Noeth of
Lovepy ......, +1.9 3 Belgrades ... —0.7 1
Evo, - .. oy 0.7 ) Eust of
Webb ., e —4.8 1 Belgraides . | 0.4 0
Cobbosstecontee  —41.5 T Sandy . ... .. 1.0 4
Annubessneook e [ 7 Moose......... ~. 0 ¥
Cochaewagun A3 9 Beavor . ...... 2.4 &
filsoa (P6T3) , —0.3 '3 Sehago .. ...... +1.4 3
Muorannenok. ... <+ 1 Long Loke
S APARIPPRt —1.0 2 (P300) .. .. 1.0 2
Leag of Highlund ., ... +0 .4 7
Belgrades (5] 1.7 L) Thomss .., ... +1.8 5
ol Rottlesnoke . . +0.0 1n
Belgrades (N) —41.2 s Grabam: 193¢ . +2.0 s
Grabam: 1iM1 . +2.4 4
Pashnw . -2 1

The moest-rapidly growing fish were thoss in the 1939 collegtions
from Grabum Lake, with sn average length, by sge groups, of 2.6
inches above the aveeage for all fish, The 1941-fish from Grabam
Lake and the fish from Beaver Pond alo had made very rapid growth
~ 2.4 inches sbove the average, Growth of perch from Moose Pond
was nhout the same as the average for fish from all localities. The
perch from Sabattus Pond represenied the extreme in dwarfing, being
2.0 inches befow the avernge. Other lakes notable for very slow
growth of the White Perch were Long Lake (P.309), Snow Pond,
Tripp Pond, Auburn Lake, and Androseoggin Lake. In most lakes
of the 1940 survey, perch were of much slower growth than in lskes
of the 14938 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 aro: the extent to which the fish feed on different types of
food, the abundance and availubility of Food, the population density
of the White Perch itself and of other species which might sompete
with it for foed, and the conditions of temperature and dissolved
oxygen in the watoy, Some data were available for a comparizon of
rate of growth with these environmental factors in 20 of the lakes of
the 1940 survey, These available dsta for individual lakes included:
the preceding numerieal values representing sverage growth of White
Perch; average volumes of all bottom orgntisms per squure foot of
luke bottom; the percentages by volume of bottom organisms, fish,
and plankton crustaceans in the diet of the White Perch; the density
of the White Perch population, and of the total population of fiedes
(includiog the sucker, Yellow Perch, Homed Pout, and sunfish)
which arg primarily bottom feeders, exprosas] az the number of fish
caught por 24 hours by the 375-foot gill net; and the type of lake or
pond with mspeet to depth, temperature, amd dissolved oxvgen con-
tent of the water, as pxpressid by the poreontage of water volume in
the trout or sulmon zone of each lake. Theso daty, given in Table
AV, do not reveal the degree of carvespondence, between eapid growth
of the White Perch nod abundance of bottom foxd, which might be
expected from the faet that 67 per cent of the volume of food con-
tained by these fish was from the bottom fauna: the four akes whicl
provided the most-rupidly growing perch were among the poorest in
bottom faunyg, apd the two lakes richest in bottom fauns previded
the mest-slowly growing perelr — between  these extremes in the
data there appeared to be no sgpificant relationship between growth
and sbundaves of bottom food. No consistent rolationship ie indi-
ented between growth and smount of plankton crustaceans in the
diet; or between growth of the White Peech and the donsity of this
and other species of bottom-feeding Bshes, with the possible excop-
tion of Sabattus Pond, The best cormlation apparently existed
between growth of perch and the amonnt of fish in theie diet, and
betweon growth and the type of lake with respeet to depth, tempera-
tire, andd dissolved oxygen eontent of the water,  The White Perch
which eontained the most fish in their diet were mostly those which
had made the fastest growth; wnd the rapidly growing fish were
mestly from deep lakes with a high oxyvgen content in the deep water
{lakes which are classed as good trout or salmon lakes, seo page 66)
The tendeney towsrd a fostor wato of growth of perch i lakes whero
they had fed more on fish was alsa indieated by a companszon of
perah from the lakes of the 10 survey with perch from lskes sur-
veved in 1938: the perch from Beaver, Thomss, Sebagzo, Rattle-
gnake, Highlznd, Moose, Long, ete., (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, & tendency toward more-rupid growth in deep luikes
with & high content of disselved oxyien in the deep water {i.e, good
trout or salmon lakes) was not indicated by the data for the lakes of
the 1448 survey, for most of these lakes in which the perch were grow-
g rapidly (rxnmplm’ Beaver, Thomas, Rattlesinke, and High-
land) were found to be poor trout and salmon lakes (Coeper, 1939b).

Age and growth by sexes. The present data indicate some facts
with respect to sex differences in age and growth,  If thoss nge groups
from individual lakes with at least five fish of cach sex are consid-
ored, the females execedod the males in wvergo body Jength in 33
separnte groups; the maled were longer in 8 groups; and the two
sexes were of the same leagth in 6 gronpe.  The figures for individual
aEe groups, myvolving 1101 fish from 15 lakes, were as Tollows:

Awr avoug v v i m vin (2.9 X X Tita!
Alabas Langee ’ ‘ ] 2 1 1 ] 5
Vermles Lioger: ] 1 4 & 4 1 3 2 31
B gt b 2 1 1 . 1 1 + ' "

This rather conzistent greater length, and presumably faster growtl,
of the females is pot of very great economic importance, for the
greater avernge size of the females in these individual sge groups
wis mostly not over 0.5 inch and commonly a= little as 0.2 inch, Of
the 1,827 White Perch used for studies on age and growth, the sex of
1,819 was determined.  These included 856 males and 963 females,
of & 2ex mtho of 89 male to 1 female.  Their distribution by uge
oluss was:

Aan
P HE IV % V1910 VITE 1IN X XT X1 XU XIY XV XYT Xvi
Noutaber

b 7 IR A0 343 131 135 M 68 @) M Rl ] LU |
Number
frabs: -8 126 50 IS M) 1P KR W1 & M6 T 13 4 3 M0
Males po

fnu.h nJ Af UM 0 10 L AN &7 1L L0 B oy 0y "

The above kex mtics e someshat too errstie to revewl any definite
trendd in markod change of sex ratio with age, except for a rather defi-
uite prepondermoce of fomples over modes above the X1-group, That
this trend in sex ratio is erratic, was due lnrgely to the fact that unu-
=l numbers of fish of one sox and one age group were obtained from
same Inkes.  For examples, the 14 fish from Auburn Lake wore all
fomales; the 103 fish from Cochnowagan included 71 males and
A0 females (sex of two not determined) of which 82 fish were of the
I1X-to XI- groups: there were nine Xdl-males bot no XTI
males from Snow Pond; there were seven XIl-males and only one
Xli-female from Cochnewagan; while 11 of the 20 fish from Feho
Lake were IX-males. There was evidenes that varistions in wverage
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rate of growth had little or no cffecr on differences in age of the
two mexes, for the distribution of sexes by age group of 1,323 perch
fror 17 lakes in which growth was slow was as follows:

R&T\! in v VOV VD vir IX X XTI OXIEXur Xiv Xy Xve xXviu
N

: M 902 1 201 1 W MM O3 2 oA | 1 O 1
Nuster
Semalee: | LB LI &S [ SN (B S S (I (N L] 1 "
Malow po
fominle: 0 DY U7 0% 30 L1 LD &% L2 L¥ 03 Q1 0.3 0

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

Az geoup: (L 1V y ¥ YD VI O IX X XIONET OXIR Xav

Number

phes: Bl am 41 = = P ) 10 7 2 2 o
Number

iz 3 42 M 4 ¥ I NN 8 K T
Aalew par

dxzale: N2 0.7 11 &% 0N L Lo 0.8 4an o4 Lo ) 0

The difftrences botween the shove sex ratios for corresponding age
groups ave not regarded as of mueh significance.  Instead of this
comparison revealing any marked varation of difference in age of
the aexes according to rate of growth, il indicated 4 degree of uni-
formity in that both scxes reached a greator age in lakes where growth
wae slow, snd that females predominated in the older age groups
among both slowly growing aud rapidly growing fish,

Growing season. The collecting of White Perch  continually
throughout the summer, although at different times from the vanous
Inkes, has afforded o basis for determining the time when the fish
commenced their seale growth, and thus, presumably, their body
growth. The date &t which fish begin a season's growth may be de-
termined from the status of annulua formation on scales amony fish
collected on different dates.  Olservations on the scales indicsted
that the growing sesson 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
differaat dates and revealing thie trond in growth during the =cason,
are reproduced on aceompanying plates as follows: from Auburn
Lake on June 28 showing no growth ss yvet 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 X1, from Muaranneook
Loke on August 3 showing s partly or nearly completed average
sitnmer’s growth (Plates V, VI, and VII), and from South Pond on
September 5 (Plate IV) and Webb Lake on September 10 (Plate
XIV) showing what appear to be completed average summer's
growths.
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FOOD HABITS OF OTHER FISHES

Information on the foud habits of 10 species, other than the White
Perch, was also obtained by stomunch analyses  Thest additional
spocies wore Small-mouthed Bass, Common Pickerdd (Esaz niger),
Yellow Perch, Pike Perch (Stizostedion witreum}, Brook Trout, Togue,
Land-locked Salmon, Chinook Salmon, Common Sucker, and Com-
mon Sunfish (L, gidbosus). All of the fish were collected by expen-
mental gill nets, and all except those from Pushaw Lake were eal-
leeted during the summer. The lakes are the same as given in Tables
XI1I and XIV. Most of the fish were adults; and all, except some
sunfish, were over six inehes long,  The results, thercfore, represent
summer food habits for the adults of these species.  The results of
these food analyses are summarized in Tables XVI 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 368 contained food in their stom-
scha.  The total volume of this food {Table XVI) was 238.61 v.o:;
this volume included 80 per cent, fish of which 61 per cent was White
Perch, and 14 por cent crayfish. Al of the fish. 30 far as identified,
wore spinyrayved forms, The absence of smelts in the diet of these
bass i 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 ce, of food of which 55
per ceat was White Perch, 40 per cent was other fish, and only 0.2
per cent was insccts (Table XVII. The fish which had been fed
upon mostly by the pickerel were thoee with schich it ie usunlly naso-
cinted in lnkos, namely, the White Porch and Yollow Percls.

Yellow Perch. The stomachs of 231 Yellow Perch from 10 lfakes
contained 147 e, of food of which 48 per cent was fish and maost of
the remainder was aquatic inspcts (Table XVIII), The most impor-
tant of the fish were Yellow Pereh and White Porch; the most im-
portant of the inseots were Mavily nymphs, dragonfly nymphs, and
caddisfly larvae. The food eaten by these Yellow Pereh was quite
similar to that eaten by White Pereh (see page 125) in thes: 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 cight adolt Walleyed Pike taken from decp water
in Grent Pond contained practically nothing but fish which, by vol-
ume, was about hall Smelt and hall White Perch.

Salmonids. The dutn on stomach contents of 16 Brook Trout
fromn 3 lakes, 10 Togue from 3 lnkes, 7 Land-looked Saflmon from 4
lakes, and 4 Chinock Salmon from 3 lnkes, nre surnmanized in Table
XIX. The Brook Trout from Sabbathday Lake in New Gloucester
vontained mostly bottom organisms. The remaining trout and the
Togue and salmon had fed mestly or entively on fish whael, in turn,
wore mostly smelts,

Common Sucker. The anterior part of the intestingl tracts of 28
sackers wus examined for food conteats,  Their food was mmrely
organisms from the bottom fauna (Table X1X).

Common Sunfish, The food found in 66 Common Sunfish from 0
lnkes way entirely organisms of the bottom fsuna.  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-
tanee.  The large soail content in the dict of this fish is probably
nssocintod with the strong molarlike crushing teeth on the Afth

pharvegeals of this aperies.
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TABLE XVI. Volumes in cubie contimeters and numbers (in parentheses) of food
organisms in stomachs of 66 Small-mouthed Bass from 20 lakes
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TABLE XVII. Volumes in cubic mumemu and numbers {In puuu:uu) of food organisms in stomachs
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TABLE XVIIL Yolumes in cubic centimetors and numbers (in parenthieses) of food organisms in stomachs
of 231 Yeliow Perch from 17 lakes
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MAPS OF THE LAKES AND PONDS

Thw following cutline maps and cross-section disgrams foe the lukes
(Figuree 7 to 51) wre included to show the results of dopth coundings
and our evaluntions of the suitability of the water for trout or 2almon,
The lake outlines have been copied from United States Geologicsl
Survey Topographie Sheets, and in some instanees have besn modi-
fied shightly based on our own hiddd observations. The numbers of
soundings were presumably adequate for our evaluntion of thy water
for different types of fishes; however, the intensity of =oundings in
some Inkes was probably not sufficient to indicate the greatest depth
of water. Areas of water of greater depth than is indicated an these
maps must of necessity bo very limited in extent, Data from Table
1[I were used in preparing the erossseetion diagrams headed “suita-
bility for trout and salmon during late summer.” A key to the sym-
bols, figures, and terms used on these maps is as follows:

Mfl numerical figures within outline of lake represent soundings in
oot

Water anolysis stations indicated by the svmbal 5.

In the cross-section disgram headed by “sufmbility for tront wnd
salmon during lste summor™:

“Suitability” means only from the standpoint of tempesature
and oxygen,

“Late summer” means dating the emd of the hot part of the sum-
mwr, toostly during August,

“Water volume'" refers 10 afl water in the lake,

“Rottom ares’ refers 1o the entive ke bottom.

“Warm'' means above M- Fahrenheir,

“Trout' means trout, togue, or salmon, and prohably ap s also
to such other cold-water Bshes as smelr, wihitefish, cusk.

“Low oxygen’" means less than § p.pom. of dissolved ox_vmm in the
water.

Blackened srea represents proporctionate amount of water volume
or bottam area not avallable to trour or salmen during late sum-
mer.

White area represents amount of water yolume and bottom wrea
available o rout and selmon durieg late surnmer,

“No trout or splmon water™ mesns during Inte summer,

Pood cefesence numbesy are tndicaond (n the following form:
P 389, P am, P 719

“Elev'' mueans olevation in feot above muin sea levol, obtained from
United Seates Topographic Sheers,

Aroa in actes obtained hy using planimeter on iake outline on Uaited
Seates Topographic Sheets.

Direction arrows indicate true north,
All maps hy W. P Strang.
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CONCLUSIONS AND RECOMMENDATIONS

The survey anslvses on depth, tempersture, and dissolved oxyEen
of the water revealed that the present group of 88 lakes and ponds
includes distinetly different types of lukes with respect to their suite-
bility for different kinds of game fishes: Many lakes were found to
b good trout and salmon waters; others were found to be distinetly
not good trous or salmon waters; and some lakes were somewhat
intermediate in this respect. The clussification of these lakes on the
basis of water analyses is here repested (wnd slightly modified) from
page 68, aa follows:

Freellent trout or salmon wolers. Middle Range Pond, Upper Runge
Pond, Thompson Lake, Auburn Lake, Eeho Lake, South Pond,
Clegrwater Pond, Wilson Pond in Wilton, Embden Pond, Pleas-
ant Pond, Flying Pond, Sand Pond of Tacomie Lakes, and the
south part of Narrows Pond,

(food trowt or sabmon waters, Muranacook Lake, south part of
Long Pond of the Belgrades, north part of Narvows Pond, Worth-
lev Pond, Allen Pond, and Garland Pond.

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

Bass, perch, o prckevel waters. Parker Pond, Berry Pond, Taylor
Pond, Whitsey Pond, Webh Lske. Cobboswecoontes Lake,
Salmon Lake, Hogan Pond, Trpp Pond, David Pond, Tilton
Pand, Silver Lake, North Pond in Woadstoek, Purgatory Pond,
Annabessarook Lake, Wilson Pond in Monmouth, Dexter Pond.
Torsey Pond. Snow Pond or Messalonskee Lake, Great Pond of
the Belgrades, Ssbattus Pood, Andrescoggin Luke, Povasset
Luke, Lovejoy Pond, Cochnewagsn Pond, North Pond of the
Bedgmdes, Esst Pond of the Belgmdes, and MeGrath Pond.

Two lmplications to be denwn from this dessifiention aod which are
of utmest importsnce in the prescol recommendations on stocking
uod other management policics ares (1) that the different apecics of
game fighes have certain requirements snd do best in certain types of
waters, and {2} that good fishing for from =ix 1o eight game species
cannot he maintained in one body of water, or, more specifically,
that good fishing for trout, togue, or salmon canmot be maintained
in lakes with abundant populations of from thres to six species of
warm-water game fishes. The validity of the above classification of
these lukes on the basis of water analyses was substantiated to a
considernble extent by the resnits of mll net sets made in maost of
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these lokes, for most of the fow (25 of a total of 24) salmonids taken
by the nets were from seven of the “excellent” or “good” trout or
salmon lakes, The most conelusive evidence for the validity of this
classification is from results of previous survevs on other Maine lakes,
partioularly the Rangeley Lokes, Schugo, Kezor, Adams Pond, ete.
{see Muaine Fish Survey Reports Nos. 2 and 3); most of thise lakes,
from which large numbers of trout and salmon were taken by gill
nets, were deep and had little oxygen deficiency in the deep wister,
Lo, they were of the types listed above as “excellent” or “good”
teout or salmon fakes. The lakes fistod above as bass, peveh, or pick-
erel walers were found to be unsuitable for teout or salmon, and, there-
fore, should be doveloped for these warm-water game species. It iz
recommended that this clsssification of the lnkes be followed in the
future stocking program, on the grounds that the best retumns from
stoeking can be expecteld from those lakes in which eanditionz of the
water are most ideal for n given species, Judging from the results of
our fish collections s compareed to reconds of past fish plantings, it is
evident that perch, pickerel, and (in some instanees) bess become
abundant in most lakes without sid from artificial propsgation;
trout aand 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 propsgation, only in those lakes where
conditions of the water are porticularly muitable. [t is, therefore,
moet important to stock salmonids in the best trout and salmon
wators in oarder to maintain s balance of trout, salmon, bass, pereh,
and pickerel fishing

A desirnble balance between trout and zalmon on the one hand,
and perehy, bass, and pickerel on the other, i@ not being maintained in
thiz group of lakes, judging from our gill net gallections, Trout and
salmon are nob s0 abupdant as might be expected from past stock-
ing. From the survey of 1930, we have information on the Rangeley
Lakes for comparison with the proscut group of 63 lakes: Compar-
uhble gill netting effort took more than ten times a5 many trout and
salmon from the Rangeleys, oven though these two groups of lakes
had ben stocked at somewhst the same rite in proportion to thair
acreage.  This difference mny be partly sttributable to the fact that
many of the lakes studicd in 1940 in which zalmonids had been planted
were nol =uitable for these fishes. The difference is partly due, how-
ever, to other fncton; Tor returns of salmonids in nets from the bet-
ter trout waters, anch a8 Auburn, Embden, Nurrows, Pleasant, and
South, were about om=fifth the returns from the Rangeleys,  In these
hetter troat lakes of the 1940 survey, conditions of depth, tempers-
ture, dissolved oxygen, sbundasce of plankton, and sbundance of
bottom food, are as favorable as in the Rangeley Lakes. The most
obvious difference ie that the Rangeloy Lakes have ne perch, bass,
pickerel, or sunfishes, Also, the Rangeleys apparently have a much
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greater smelt population, which may be purtly attributable to the
faot that there are no warm-water game spocica to help doplete the
smelts.  Tn other words, the abundanee of warm-wator game Gshes
and the relative seaveity of smelts in most of these bottor trout and
salmon Iakes of the 1940 zurvey ave obvionsdy the most important
factors limiting the survival of stocked trout and salmon; sud neces-
sary measures should be taken to decrease the perch, bass, and pick-
erel and 1o inerease the smelt in those lakes in which trouts and
salmons sre planted

There may be vonsiderable controversy over the proposed stocking
recommeondution for severul of the present group of lakes. Among
the lakes found by the survey to be “hass lukes." and thorefore not
suitable for trout or salmen, are severd of the lnrgest bodies of water,
partioularly Great Pord of the Belgrades, Snow Poad or Messulon-
skee Lake, and Cobbossepcontee Lake. These lakes have been stocked
heavily with trouts and salmiona; a very few salmanids were taken
from them by our gill nets; and they produce some trout and sslmon
fishing, notably for lanze fish. In faet, judging from some local m-
ports, they may be producing 8¢ good trout and salmon fishing 5=
are some of the “better' tront and salmon lakes for which stoeking is
here recommended.  Great Pond produces some Chinook Salmon,
Tand-locked Salmon, nnd Brook Trout fishing; Cobbossceconteu
Lake, somes Chinook fishing: and Suow Pond or Messalonskeo Lake,
some Brook Trout fishing. For example, a lotter datod July, 1941
from Gene 1. Létournenu of the Watervitle Sentinel statid that 1
personally took seven trout from Messalonskee this yvear, cight last
vear and zix the season of 1939, They moged from 255 pounds to 435,
were unusually heavy fish and the majority swere loaded with smelis.”
(See Plate XXIV,) These lskes are not, however, produeing so good
trout and salmon fishing, s they do not have trout and salmon 30
predominant in their fish populations, us might be expected from the
extensive plantings whieh they have received, The preponderance
of warmswater game fishes in Greal, Snow, and Cobbosscovontee is
quite abvious from tho fact that twenty sets of our 375-foot gl net
for a totul of 46414 hours of fishing in these three lakes yielded 3
Brook Trout, 4 Chinocok Salmon, 1 Land-lockod Salmon, 439 White
Porch, 67 Yellow Perch, 20 Smullmouthod Bazs, 33 Pickerol, und 8
Walleyved Pike, or o total of 7 salmonids to 576 compoting wirm-
water game fishes.  The fact that Great, Snow, Cobbosseccontee,
and some of the other “bass lakes.” may produce as good trout and
salmon fishing ns do some of the “better” trout and salmon lekes is
not, m the writer's opinion, & good argument for continued stocking
of sulmonids in Grreat, Snow, and Cobhosseecontee. Rather, the fact
that some of the botter trout and salmon lakes may not be producing
any more sulmonids than are Great, Snow, and Cobbosseccontee, 18
good evidence that stocking shonld be supplemented by other mea-
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siress in order Lo improve the fishing in these bottor trout and sslmon
waters.  Suel reeommendations of measures to supplement stocking
are given in & later pargraph.

Most of the lskes classified above ns bass, perch, or pickerel walers
contain all three types of these warm-water game spocies: Small-
mouthed Bass, White Perch, and Common Pickerel, The White
Perch is at least faidy sbundant in mest of the Takes, wnd iz the mest
abundant fish in many of them. The pickerdl is quite abundant,
that is, for a large predatory form, st least to the extent that there is
no general complaint. among fishormen of its searcity. The Small-
monthed Bass is also quite sbundant, but the demand by summer
fishermen for buss fishing is so grest that there is agitation for the
mprovement of bass Bshing in many lakes. The number of adult-
sized bass taken by our gill netting from the lukes was not very great
(only 66}, and would tend to indieate o greater seareity of bass, us
compared to other species, than astuslly exizts; for, in the writer's
apinion, the Small-mouthed Bass is much more difficult to eateh in w
gill net thun ure most other species, and it might be inferred from this
that adult bass are more abundant than the results of our gill nesting
would indicate.  The results of considerable seining on the shallows
of many of the bass lakes during July and August rovealod, however,
thut hass fry and fingerlings were very searce: 23% hours of seining
with seines 10 to 50 fect loang yiclded 3.5 bass fry and fingerlings per
hour, This, to the writer, indicates an especially mengre population
of young hass, especially for these lakes which have ideal spawning
grounds for the Smallmouth; and » scareity of young bass would
certainly have some effeet on the numbers which reach legnl size.
One of the ressons for the apparent seareity 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 tuken by our nets during the last half of
June and the first week in July still contained ripe eges. The present
law pormitting fy-fishing for bass from June 1 to 20, and the regular
hazs seazon opening on June 21, maka baz: fishing legal during most
if not ull of the spawning sepson, and mnke it possible for fishormen
to cateh the adnlt bass which are guarding their nests  Aceording to
our observations und to teports by locul 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 daring the June 1
to 20 fiv fishing, there is no legal hmit to the number which can he
caught and refensed.  In fact, muny of these lakes have been famous
for the number of buss which could be caught per day per fshennan
by spring fly-fishing, Most of these fish, i.e, these in excess of the
daily limit of three, presumably were released, but this continual
eatehing of adult bass from thoir nests could not do otherwise than
have some bad officet on the eggs or fry. It i not known just how
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much dumage is done by removing these spawning busy, in terms of
the percentage of less to cggs or fry, ctber when the fsh are lightly
hooked and immodiately roturn to the nests, or whon the hass arp
haoked soriously and killod.  In the lutter event, it seoms safe to
nssurne that fow il any of the egies or helpless Iy would survive preda-
tion by other fishes or predators.  1n any event, the removal of these
parent bass from the task of gusrding their eggs and fry is entirely
out of sccord with the value of parental care in the maintenance of
the species; and, since u scareity of bass fry was found to exist in
thesn lakes, this June fishing for bass on their spawning grounds must
be ot least partly responsible for o reported scarcity of bass in some
Inkes. It alzo could have accounted for u general decling in bass fish-
ing over the past few years, which was reported for some lakes,  Thes
June fly fishing for bass on their spawning grownds should be slopped in
thase lokoy whovo o iv desirable lo maintoin or fmprovs boss fivhing., Tn
this conneetion it s necesany to distinguizh between bass fishing in
“hass lukes" and bass fshing in trout snd salmon Inkes; in Iukes
which are =tocked hoavily with trout and salmon in an effort to pro-
vide good fishing for these cold-water species, it i3 desirable to keep
bass, perch, pickerel, and other warm-water game species st a mini-
mum, and, therelore, June fishing for spawning bass in these lukes is
presumably beneficial for trout und sslmon fishing.  In addition to
protecting spawning bass in the “bass lakes,”" it is wlso recommended
that thess lakes reeeive nnnual stovking of young Small-mouthed
Buss by the State Fish ad Gamwe Department,  The adoption of this
proposed stocking program for bass will entail a consdernble nmount
of money and effort, for the 28 bass lakes of the present area have a
greator area than the 25 trout and slmon lukes, and more hass than
salmonids are recommended for stocking.  Stocking of bass in these
28 Jakes can be justifiod on the grounds that the lukes ave among the
most-heavily fshed waters of the state, the bass ix one of the maost
unportant gpecies for fishing, and there iz & searcity of young hoss in
thess lnkes at the present time, While stocking bass at the rate
which is recommended (see Table XX) would represent a consider-
able cost Lo the Fish sand Game Department, the actual number of
these stockedd fish when spread over the 39630 senes of hass wators
would represent & small number of fish 45 compared to what might
be produced by natural reproduction in the lakes themselves. There-
fore, the improvement of conditions for natural reproduction offer
botter poasibilities for greatly inereasing the bass populations of these
lulees; and the expensive artificial propagstion of bass might be justi-
fied in a supporting role only if fishormen would allow natuml repros
duction to play its part, or, in other worde, discontinue taking spawn-
ing fish from their beds, It hardly seems justifiable for the State to
ruise voung bass for a lake while fishermen are taking adults from
beds where they sre guarding several thoussnd eggs or fry.
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The White Perch is the most sbundant species of gwme fish in the
majority of the present group of lnkes — our gill nets took from the
lakes 03 & whole o greater number of White Perch than of all other
species combined.  Our gill net sets indicated that the White Perch
wis generally more abundant in the shallow Iakes than in the deep
ones, but that it also predominated over other speeies 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 ssset to our sport fisheries. On the
other band, the warm-water game fishes in gencral, and the White
Poech in particular, are distinet mensees to trout and salmon in the
Hgoaod™ trout and salmon lakes; for it i generally true in Maine, und
recogmized nlen for most other northern states, that sslmonds do not
thrive in the preseace of abundant populations of warm-water game
fishes. Therefore the White Perch should be teeated as o valuable
asset in those lnkes which are best ndapted for warm-water species,
but should be eliminated ws much &8 possible in good trout nnd salmon
lakes Tor which stocking and other efforts are employed to improve
fishing for salmonids.

The present stwdies on sge and growth of the White Pereh beve ne-
venled that this species requires about 4 to 5 vears fo roneh n legnl
length of 6 inches, less time in some lakes, more in othera.  Fishormen
haerdly rogurd poreh with much intorest unless they are 4f lost 8 to
10 inches long, and to attain this length requins (rom 8 to 10 years of
growth on the aversge. Fspecially prized fish of over o pound in
weight are mostly over 12 years of age,  Sueh & mte of growth is slow
a3 pompared to our other game species, and means that the tam-over
m production of White Percl i= eomparatively slow in most lskes.
In other words, if very heavy fishing removes a large percentage of
the larger perch, it requires & period of several years for these fish to
be replaced; in comparison, the rapidly growing trout and salmon
in Jnkes have s much more rapid turn-over. The rate of zrowth of
White Perch was foand to vary greatly among different lakes. Growth
was so slow in some lakes that it was requiring from 6 to 10 yenrs for
most fikh to rench n length of 6 to 8 inches; niter an age of ten years
und o size of 8 inches wore reached, a majority of the fah were cither
dving of old age or were hoing remaoved by fishermen. Tn other lakes
the pereh had grown 1o o length of over 9 inches in 6 to 8 years or
loss. The food of the White Pereh was found to be mestly hottom
organisms, and this bottom fauna must be to a certain extent the
limiting factor in perch production. However, the rapidly growing
pereh were mostly from lakes where they had been supplementing
their diet of bottom food with from 20 to 50 por eent fish.  The pres-
ent study thercfore seems to indicuse that fust growth, a mpid tarn-
over, and greater production of White Perch, are generally more des
peadent upon 4 diel of fish, of which the Smelt, Yellow Perch, White
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Perch, and Golden Shiner are the most important in this group of
lnkes.

There iz considerable evidencs to show that food is one of the most
important limiting factors in the proaduction of trout, salmon, perch,
and possibly most other species of game fishes in Maine lakes. The
decline in salmon fishing in some lskes has been coincident with a
decronse in the abundance of smelt, and practically all good salmon
fiching i& in lakes where the smelt is abundant; the same is teue for
Brook Trout in some large lakes such as the Eangeleys. The great
varigtion In rgte of growth of the White Perch apparently s due to a
large extent to variation in the type of food which they ent.  Prob-
ably also the production of pickerel and buss s lmited ot least to
somoe extent by food. The two important sources of basie food pro-
duction in our lakes wre the plankton and the bottom faunn.  The
total quantity hy volume of plankton in the lakes iz many times that
of the hottom fsuna.  Iowever, adult perch, trout, and to soms ex-
tent salmon and bass, feed directly upon the bottom fauna to & much
greater extent than they do upon the plankton. The major impor-
tance of the plankton is it role in the dict of small fishes which are
in turn fed upon by the larger gamo Bishes, The smelt i apparently
the most important plankton feeder and food of adult game fishes in
Muine lukey in geaeral, although young Yellow Perch, White Percly,
nod Golden Shiners are important rivals of the smelt in this napeot
in many lekes of southern Maine. The ool that there are 5o few
speeies of plunkton-feeding forage fisher in Maine lakea places greater
omphasic on the importance of the smelt, Furthermore, the fuet
that the plankton is the biggest sowrce of basie food in most Inkes of
southern Maine places greater emphasizs on the importance of the
smolt and other plankton feeders to the production of all species of
gume fishes, The situation in regards to the smelt might be summar-
ized to the effect that it is 8 necessity to the produetion of salmon, a
big asset to trout, and of considerable importance to perch, pickers],
and other warm-water game species  ‘T'o the same degreo, it is n
pesesgity to protect und preserve the smelt in salmon lakes, it i very
desirable in troul lnkes, and it probably swould be justifiable wo give
the smelt legal protection in perch, pickerel, and basy lakes —in
other words, it 15 probably desirable to protect the sprwning rang of
amelts in ol Inkes.

According to our mill net entehes; the Common Sueker i3 the second
most abundant of the larger species of fish in the lakes as & whole.
Among the lakes from which our uets took the grestest number of
suckers wore Taylor (ses Plate 111}, Poeasset, Lovejoy, Webb [Plate
11, Annsbessneook, Narth Pond of the Belgmdes, and East Pond of
thy Belgrades; all of these lakes are shallow perch and bass lakes,
The chief foud of adult suckers is from the bottom fauna, as indi-
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cated by stomach contents of suckess from three lakes in Maine
(Tables XTX and XXIV) and especially as indicated from studies by
numerous other investigators (quoted by Adams and Hankinson,
1625); thus suckers are direct competitors with White Perch which
also feed maostly upon the bottom fauna, We found no suckers in tho
stomachs of 1,757 White Perch, 8 Small-mouthed Bass, and 110
Common Pickerel, from which it may be concluded that the sueker
contributes directly very little if anything to populstions of these
warm-water game fishes, This evidence obviously fuvors a reduc-
tion of the number of suckers, as a means of moking more food nvail-
able to the White Perch.,

Recommendations. The recommendations for stocking and other
management methods for the present group of 53 Inkes and ponds,
85 based on the present survey, are summnrized as follows; The
lakes <hould be considered ns of two distinetly different types: (a)
trout or salmon lokss, nod (b) bass, perch, or pickerel lakes. Recom-
mendations for the fwo types of lakes are distinetly different.

For the 25 eout or salmon lakes, which are hove clnasificd as “oxcel-
lent,” “good,” ve “margingl” trout or salmon waters (as lsted on
page 210): Stock trout, togue, or salmon as recommended in Table
XX. The formulation of this stocking policy s discussed in o later
paragmph. In these 25 trout and salmon lakes, give the smelt com-
plote protection (the smelt is alresdy profected in most of them).
Reestablish the smelt in any of these lakes if the smelt population
becomes reduced. Do not stock any bass, perch, pickerel, or other
warm-water gamo =peeics,  On the other hand, remove all fegal re-
atrietions on fishing for buss, perch, nnd pickerel, and thereby favor
the depletion of these warm-wider game specles, in these trout and
salmon lakes.

For the 28 aes, pereh, or pickerel lakes (azlisted on puge 210} : Stoek
Smsll-mouthed Bass ot the rate recommended in Tablo XX. The
formulation of the stocking policy for bass is diseussed in u later
rarsgraph, Give protection to adult bass on the spawning beds by
either one of the following two methods: (1) probibit bass fishing in
all “bass lakes" (not in lakes stoeked with trout or salmon) at least
until sfter June 20 and peeferably until July 1, oe (2} in lakes where
spawning bass are greatly congregated, mork the principal spawning
grounds and prohibit fishing within 100 vands of such spawning arcas
until July 1. The proteetion of the smelt in these lukes, as well ay
in trout snd salmon lakes, would probably be beneficial te sport fish-
ing. Measures of controlling the numbers of suckers in these lukes
apparently are desirable,

The formulation of stocking policies for the 25 trout or salmon
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lnkes and for the 28 buss, pereh, or pickerel lakes is given in the fol-
lowing parngraphs:

Stocking Recommendations. Stocking of brout, togue, or salmon
i# here recommended (Table XX) for those 25 lokes which weee found
by the present survey to bhe “excellent,” “good,” or “faie" teout or
salmon waters, these lakes had morg than approximately 10 10 15
por cent of their total water volame and bottom arsa within the zone
of good trout or salmon water during Inte summer, Lakes with less
than about 10 10 15 per cent of their water volume and botlom area
within the trout or =almon zone are here considered to be unsuitable
for stocking trout, togue, or salmon of any kind. The psrticular
speekes of salmonids have been recommended for the suitable lakes
partly on the busis of the ehavacteristics 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 Sursey Repart No, 2 (Cooper, 19390, Table X1),
which plunting tabie is heing applied generally by the Survey to lnkes
nnd ponds of southern Maine. By applying this planting table, the
rate of stocking is in propoction (o the mmount of lake aren which will
support trout or salmon, and is dependent upon the amount of food
prasent, available spawning grounds, competition by warm-water
game fishes, and fishing intensity. An sppraisal of these factors for
cach Inke, ns based on survey findings, together with recommendsa-
tiong for annual stoeking of trout, togue, or salmon, s gven in Table
XX, These lnctors, upon which the rate of stocking has been based,
were discuszed in detail in Fish Survey Report No. 2, but wuarrant
some explanation in connection with the present report, “Area sup-
porting trout or sahmon,” in the accompanying Table XX, 1= cited a8
“none'’ for lakes with no “trout or salmon zone” during late sum-
wrer; aealmostuone,” ot more than & per eent of the total volume
or bottom ares was included by the trout and =salmon sone; and s
“small per cent,” if from 5 to approximately 10 to 15 per cont of the
total water volume and bottom aves was included by the trout or
sulmon zone.  If more than about 10 to 15 per cont of the total water
volume and bottom nréa was ineluded, the “aren iy acns supporting
trout or sulmon' was ealealsted us the average between the total
ares of the lake (from Table I) and the bottom area confined to the
trout and salmon zone during late summer (from Table [1I). 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 Pereh.  The sbundanee of
smelt has boen appraised on the basis of the occurrencs of smelt in
the stomachs of game fishes, and on the basi= of reports by the local
Fish and Game Wardens, These food grades (grade | indicating
groatest abundance of foed) have beon assigned to the individuol
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lakes with respect to the food requiremnents of the type of fsh for
which stocking 12 recommended, Avallable “spawning streams for
trout or salmon' refers to tributary stresms in which the fish can
spawn nnd the young can live until they reach a length of from five
to six inches, The “gume fish competition factor” &5 o mumerienl ex-
prezsion of the oceurrence and abundunce of different species of warm-
wator gume fishes, and was obtained by addiog abundance factors of
3 (- ubundant), 2 (- common), and 1 (= ruree) for perch, bass, pickered,
horned pouts, and ecdls.  The theory in applving this competition
factor is to decrease the numbers of trout or salmon to be stocked,
with increase in abundance of the warm-water species. The num-
bers 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 Tuble XX by the following:

For & to 1-neh figh, multiple by 0.6

Far 6 to S-nehy fish, moitiply by 0.8

Far 4- to tdneh fsl, maltiply by 1.1

For 2-to d-nek fial, muledply by 2

Foe lineh fry, wultiply by 20

These conversion fignres are hased ppprovimately on the expected
rate of mortality.

Six of the 25 lakes and ponds, for which stocking of trouts, togue,
or salmons is recommended, are “marginal trout waters” in that the
amount of suitable troul water is greatly reduced by lste summer;
these are Lower Range, Pennessecewnssee, Twitchell, Bryant, north
part of Long Pond of the Belgrades, and Sandy Pond. These lakes
are actually better bass lakes thau trout Iakes, but stocking of trouts
i them is possibly justifinble on the grounds that the entie area
containe more basa waters thuan trout waters, and it may be desirabla
to promote trout fishing in all waters which offer the best poasibilities.
Brown Trout or Rainbow Trout are recommended for Pennessee-
wasses, 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 beeause of
its connection with the south part of Long Pond whick is good Brook
Trout wster; and Brook Trout wre rocommended for Lower Hange
Pond because of its connection with Middle and Upper Range which
are good Togne and Brook Trout waters. Continued stocking of
trouts in these six marginal trout lakes will not he justifiable if these
lakes cannot be made to produce some trout fishing; for this reason,
sltornstive rccommendations are given (Table XX) for atocking
these zix lskes with Small-mouthed Bass.

Stoeking of the Small-mouthed Bass is recommended for the 28
lnkes and ponds for which no type of trout or zalmon is recommended,
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TABLE XX, Yearly stocking recommendations for the lakes and ponds — Concluded
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and alternative stocking of bass is recommended for six marginal
trout lakes. Theso lakes for which bass are recommended are either
the shallow lakes with warm water extendiog to their maximum
depth, or deep Inkes with consderable oxygen depletion in the deep
water,  The Small-mouthed Bass is rocommended in preforenco to
the Large-monthod Bass bocauso, in the writor's opinion, theeo lnkeos
of southorn Maine, with their reclehottomed shallows nud searcity
of vegetation, are much better adapted to the Smallmouth, The
recommended annual rate of stocking hss been based on the “stock-
ing table for Small-mouthed Bass” miven in Fish Sureey Report No. 2
(Cooper, 1939b, Table XI1I), This recommended rate of stocking
1% in proportion to the total sercage of each lake [from Table 1), the
anbundance of food, and fishing intensity. ‘The numbers of Small-
mouthed Buss recommended for annual stoeking in the baes lakes
sre given in Table XX

The present stocking recommendntions for the 33 lakes and ponds
call for an annual hatchery output of: 211,000 six-inch trouts or
galmons for 25 of the lakes with a total avea of 19,793 acres, and
204,600 threc-inch Small-mouthed Bass for 28 lakes with o fotal ares
of 39,630 acres. The shightly greater number of bass over sulmonids
i in proportion to the shghtly greater number of bass lakes; the total
acreage of buss waters, however, is twice the acrenge of the trout and
salmon Inkes. The numbers for individunl species (summarised from
Table XX) recommended for annual stocking are ax follows:

8,100 six-inch Brook Trout for 12 lakes, ares 5875 nores.

74400 “ “ Togue

noa0 Y Lapd-lecked Salmon )

800 ¢ Chinook Salieon ) for 13 lakes, ares 12,918 acres:
a5 ¢ % Brown Treat

270 " Ranbow Trout

24,000 threo-tneh Sipall-mouthed Boes fur 25 lokes, nees 39,6309 sores.

The ndoption of the stocking policy for these 53 lakes and ponds, as
here recommended, will require & considerable change in hatchery
output, from the present cmphssis on trouts sod salmons to an oqusd
balance between swlmonids and the Small-mouthed Bass.  During
the seven vears from July 1, 19083 1o June 30, 1940 the State Fish and
Gama Depurtoont stocked these lakes and their tributaries with
5,333,000 trouts and salmons and 2,000 Small-mouthed Bass, arcond-
ing to the department records (Teble XXT1). The salmonids were of
various sizes ruonging from fry 1o “mature” fish over six inches long.
OFf the 5,333,000 salmonids. 4,497,000 fizh ean be sttributed to stock-
ing of the Iakes and ponds; while the remaining 820,000 Brook Trout
and 16,000 Brown Trout, which were planted in tributaries, may have
remained in those tributavies — presumably the survivors of togue
and sulmons planted in tributaries would enter the lakes. If these
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TABLE XXL.  The torl numbers {in thousands) of game fishes of different sizes planted in the lakes and ponds” and their immediate tributaries by the Maioe
Dopartment of Inland mm-ndcan-hnutbommfmlulx 1, 1932 e June 38, 1940, as summarized from department records
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4,407,000 fish are evaluated in terms of their equivalents of eix-inch
fish by applying the conversion factors given on page 21, they repre-
santed the equivalent of stoeking 3,241,000 six-inch fish or an aver-
sge of 463,000 per vear for the ssven-yesr period. The numbers {in
thoussnds) of fish planted in these 53 lakes and their tributaries dur-
ing the period from July 1, 1933 to June 30, 10490, the totul stocking
represented for the lnkes themselves, and the total and average equiv-
slents of these plantings in terms of six<ineh fish, for the different
speeies, may be summarized from Table XX1 as lollows:

Total ll'?uirulcnl
In Total equive-  of 6 feh:
In tribu- for lent of  awoeage
Specie lnkes taries lalces® Gtk por you
Hrook Troat . 1,108 £20 1,165 1,000 171
Brown Trout . a7 16 €7 208 an
Roinbow Treat, . 420 0 AL 270 an
Togue .., .. T 4 750 197 28
Land-Jucked Salman 456 i 519 207 42
Chinook Salen 1052 pas 1,390 L) 141
Ol Salimon 119 47 16n LS 12
Torale: .o i0ss LG 1,188 VAT 3,241 44

*Includes Togue and salmens plunted 1 tribataries

As compured to the average veurly stocking, in the past, of the equiv-
wlent of 463,000 six<inch trout, togue, and salmon, recommendutions
from the present survey are for about the ssme number of fish (475,
OO0), but for ahout half as many (211,000) trouts and salmons, and
for 264,000 Small-mouthed Bass.

The major change recommended for the stocking poliey for thess
lakes has been due to the elimmation of many lakes as unsmtable for
trouts and =salmons; salmonids had been planted in 42 lakes, but am
bere recommended for 25 The proposed reduction by 55 per cont in
stocking salmonids, and the substitution of 264,000 bass, are attri«
butable mostly to o few of the larger lnkes which had been stocked
heavily with salmonids. but which were found to be base waters,
pamely: Great Pond of the Belgradis, Cobbosseccontor Lake, Snow
Pond or Messalonskee Lake, Androscoggin Lake, Webh Lake, Anna-
bessacook Lake, North Pond of the Belgrades, and East Pond of the
Balgrades, The recommended annual stocking for these cight lukes;
which have a combined area of 28504 acres, totals 196,000 threes
inch Small-mouthed Bass.
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APPENDIX A
A Biological Survey of Anasagunticook Lake*
By Joel W Mursh
Leader of Deovlagmant Unil, Moase Piltmins Roberlson Projects

Anssagunticook Lake, also enlled Canton Lake, s loeated in the
townz of Cunton and Hartford i Oxford County and within the
goneral ares which ncludes the lakes and ponds considered in the
present Suevey Report No. 40 1t 55 da the Androseogein River drain-
nge system, nand = pond number 497 aceording Lo the presont system
of mumbering. The Inke i= easily wccessible from the more-hesvily
populated  scotions of the state.  The ahore 3 well dovoloped as g
resort area, and & grent deal of interest iz cxhibited in the fishing hy
hoth loeal residents snd summer tourists.

Mepsurements made on the outline of the lnke as given on the
Unitod States Geological Survey Topographic Shoot have given the
following information: The lake has an ares of 568 aeres (087 sgquan:
mile), a shoee line of approximately 5.1 miles, 2 maximum length of
1.9 miles. o maximum width of 0.7 mile, and an average width of 0.4
mile, The main axis has a north-south divection.

The present fiold studies on Anasagunticook Lake wore made dur-
ing the period from June to October, 1937, Methods used in this
survey, unless otherwise indicated, wore the samo ax the methods
now in genernd use in lake sarvey work in Maine (see previous pages
2[ Survey Report No. 4).

Dopth soundings wers taken betwoen flag stations located st equal
intorvals along the enst and west shares.  The flag stations were num-
bered in puirs, 88 for example, Number 1 flag on the weet shore was
direotly opposite Number 1 flag on the east shore (see Figure 52).
Soundingz were made spproximately 10 feet apact along each of the
13 east-west lines between corresponding flags.  This distance be-
tween soundings was measuresd with o 100-foot string attached 10 a
small float. Data on depth of water, a3 obtained by these soundings,
are given in Figure 52 A maximum depth of 54 feet was found on
flag line 11 near the south end of the lake and mid-way between the
cast and west shores. A large part of the southern half of the luke
bottorn i* over 40 feet deep and i= relatively flat; while tho northern
hatf of the lske is much shallower and the bottom slope is much maore

gradual.

* AN nhefmet of o Uiesis submitted in partin! fulfillmeat of the requlmaents for
:l;s Degree of Master of Seietion in Wikdhfe Canseryation ot the Muvessity of Maine,
\
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Figure 32, Anomgunticook Lake. by in foet adong lmes between mumbered flug statioss, dopth
costours, and sultability of the water for trout or almoa,
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It was found from 43 bottom soil samples that, of the total Botton
wrea of 568 acres, about 67 per cent was mud, 18 por cent was sand-
mad, 10 per cent was sand, and 5 por eont was sandsgrmvel (Figuro
53),  The mud and mud-=sand were confined mestdy to the region
below the 18-foot contour, and zand was confined mostly to the re-
gion above the 18-foot contour. The areas in weres of different types
of bottom =il according to depth werm as follows:

Dapah Sand- M- Towt

in feot wrvel sand ennd Mud noreage
310 1 5 | A 84
10-18 7 7 L] 12 0
18-25 4 “h a1 )
2530 . y P W i
A4 12 s 110
A0-5) ; 15 150
-5 - 10 14
51 a 58 108 370 H08

Some of the results of water analyses made dunng July and August
wre 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 54)
b 45 feet,  Vertiend meries of temperatares taken at sevon dilferent
stations on the lnke during August revealed o thermal stratification
extending uniformly over the lake, with 70° F. water exteading to
depth of 15 feel in ndy August and 10 18 feet by Inte August. The
dimsolved oxygen content was ubove 6 p.p.m. at all depths on July 2,
but kad boen deereased somewkat in tho deeper wator by August 7.
From the August 7 snslyses it was estimated that an oxygen defivi-
ency (less than 5 pp.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 oxvgen were used in caleulating the distribution of the
water i the lake with respect to its suitubility for trout and salmon
during the most eritieal purt of the summer, t.e., in lato August, The
uwmounts of water volume and bottom aren within the three 2ones, as
defimited by these two depths, were ealenlated 1o be as [ollows:

Upper wirnn water, sarface 10 18 lesd, ne troud or sadmun s 8,099 s feot (56770
of waler, 120 aeres (229) of botbom area.

Middle hyer, 18 10 25 feet, suitable for trout wad sofmon: 2777 sem feol (175
waler, 89 neres (16.) of buttom ans,

Lower layes, 25 to 54 feel, ox(mvn deticient, mu froud e selanon: 4,555 nere foot
(289 of water, 353 neres (G290) of bottom nrea.

The amount of witer volume (179) sad bottom aren (16%;) within
the trout and salmoa sone indicates that, frons the standpoint of
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temporature and oxvgen, Anasagunticook Lake i= at best n fair teout
aptd sadmon lake  (For compnnson with other lakes, ze0 page 66.)

The organisies collected in 62 bottom samples (9 x 9% Ekman
Diredge) were used as o basis for computing the number of organisms
per square foot of luke bottom, according to the depth of water and
type of bottam (Table XXIII und Figume 550, The types of bottom
organisms enconntered in these samples, in the approximate order of
thedr numerical abandanee, were: Dipters larvae, fresh-water shrimp,

TABLE XXI11. Vertical distribution of temperature, dissolved oxygen,
wnd pll in Anasagunticook Lake during the summer of 1937

Tompornturoe® (17} Oxypon (popan) pH
n‘:t. Augist 7 | Augost 27 | July 2 | Augost 7 July 2 | Augest 7
Surface ™ ™ 0.3 87 68 | 72
5 ™ 7 . 7.0
0 7 s = = % 60
15 7 72 7.0 5 06
ST i : S 0.5
17 7 3 Y b4
10 e : -
20 58 6 5.0 W1
2 T , $2 0.3
2 & P 2 0.0
% 5 % 5 5.3 o
~ol Sl i T T 62 | 6.0
@ &0 54
E 0 T [ 5.0 . 6.0
v T S R . 5.0
i s = 6.4 3.0 ot 5.0
" o . 6.0
" 5 : d : .
50 : 1"

“Tempersitirss txkon wild & Taylee Matimun s Minimums segistering themmamoeter
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Mayfly nymphs. caddistly larvne, molluses, alderfly larvae, dmgon-
fiy nymphs, aguatic earthworms, snd beetle larvae.  The Diplem
larviae were mostly midges, and a few Corethen, The relsgive numerss
el abundance of these organi=ms, as given in Table XX, dees not
give an accurate picture 2= to the volumes of different types of avail-
uble fish food, beesuse of differences in sizge of the various organisms,
Such large organisms gs the Mayflies, dmgonfiies, and caddisflies
made up s boge o volume as did the midges and fresh-water shrimp,
even though the lntter were much more abundant,  Bottom organ-
ismns were much more sbundant between depths of 0 to 20 fect than
between depths of 20 to 30 feet, and very few were found below s
depth of 30 feet.  Mud-sand was the most produetive type of hottom

soil at all depths.

Plankton samples were collected with a Birge eclosing net at six
stations on the lake and ab three dates, 1.¢., in June, July, and August.
Dintoms were found to be the most abundant plaokiers within all

e & 24, & " 7 1 4 TR {
qui-!f{fffvg‘?‘f‘f‘f'f‘“'
s T
LA
“" —
i/ /
i

Desth of watker in feet
&R R N

K" - - - v v
3 0° S 60" o’ a0

Figure M. Vertival distribution of tesiperations, dissolved -n,\'('l, ol pll
In Anssagunticook Lake on Augest 7, 1937, Data are froom Tabds | ,\h
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TABLE XXIT, Average number of botram organisms per square fooft
secording to depth of water amnd type of bottem, and the distribu-
tion by acres of different rypes of bottom soil, in
Anasagunticook Lake during rhe summer of 1937

VIEEnde s b=l
: |E -3
' s_iE |y 13- |8 5
Nittoen Inpah Lred £ { | - g | a-g = g ;E _E ": W=
will ey [ of 0F 28|28 | 2% |25 28|53 ) 2E) L2
Ly n nrre rpeil- % 25 | LB A Bt B g 5 g 3
et s % ’ I% C- AR 7 =~ _.* ___‘.‘.‘ +2 =
=2 |2 R8RS |38 (22122
| e !h- = e - '~ Tant é“ b~ :- =-A
Sl 2y 20 | “ oaleo|os]|za|ao]en]zalaz|ae
Aoal-sead w20 e 32 S ! LS ] LAILRD 100 1) Ixna) 02
Sand 20 3 vl oA Ay ou|enlea] . e8|
Sanlgavel | 0-20 m RS N T P e Y A B
Mud -0 | aw 0 | oo feforl... ... [=riny]-..
Moad-swil 040 71 W BV Y | waloeloe] o xalnaler
Type of
arganism

...........

Copdel's fiy Mrvme &

Betoca tareyr, ] F

Figure 55. Aversge numbers of diffennt tvpes of Dotlom  orgamisms per
squam vand sovording 1o depth and type of bottom seil, and the totnl nemage of

each type of battom sl in Angpssgmiticook Loke,  Data are modified from
Table N XII,



depth ranges: they varied i shundance from about 5,000 to 40,000
individuals per cubie foot.  Next in onder of abundanee were the
Iilnesgreen slgae, Auagellate protorosns, and rotifers, The cladorerans
and copepods together averaged about 200 to 300 per cubic foot
The vertical distribution of differont types of plankters, enconntersd
in samples taken on July 2, 0= given in Figure 56, As compared to
these July 2 symples. collections mado on Angest 8 showed s marked
deerense ot all depths, and a complete disappeatance below 4 depth
of 30 feet, of pll planklers except the diatoms,

Samples of Gsh were colleeted by @il nets, seines, and hook and Line,
Fwo gill nets, with =ix different sizes of mesh ranging from 2 3/8
inchies to 8% Inches stretehed measure, were fished for o total of
42445 hours at nine sepsate stations,  They oellected 314 fish which
wore practically all adults: 160 Common Suckers, 136 White Poroh,
11 Small-mouthod Black Baas, 6 Yollow Perch, and 1 Fallfish, Four
soine collevtions feom the lnke shoals ineluded mostly yvoung White
Pereh, Yellow Pereh, and Common Suckers, some voung Small-
mouthed Black Bass sad Fallfish, nod & few voung Common Pickerel,
Red-bellied Sunfish, and Horned Pout.  Fish eollected by hook and
line included 18 Small-mouthed Bess, 3 juvenile Fallfish, 1 Common
Pickarel, 1 Red-belfied Sunfish, 1 Common Bullhead, and 3 Land-
locked Salmon.  There were no trout or smelt collectod from the lake,
wlthough these tish had heon reported by loeal residents Lo bo present
In small numbers: and oo =melt were idontifiod from the stomach
contents of any fish colleeted,

Fhveiweon  Swws Abow

Liotoms  Flapelars  Rofsfers Crnifaceans

G

Desth of Bafer in fee?

&

3%

b o it P =

- - - - - - - ——

..... R =

Flgure 36. Avecnge numbors of plaokiers per liter of lake water within sue-
coessive 10£oot depth strsta in Anpsgunticook Lake on Jualy 2, 1537 (Samples
takon from 3:30 o 530 P.M)
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A study of food habets wos made on the stomach vontents of 25
small-mouthed Black Bass, 125 White Porch, 75 Common Suckers
{xe0 Table XXI1V), and one Land-looked Selwon.  The single salmon
contained mostly fish and seme wormg (baat),  The bass contuined
mostly surfnee inseoly, sh and erayfish.  The White Perch had fed
mostly on bottom orgonisms s water fleas, snd to some extent on
fish und surface insoets.  The suckers had fed almost entirely on bhot-
tom organisms.  The strongest competition for food, as indicated by
these data, cocurred between the perch and suckers, both having fed
to o large extent on bottom organsms.

The ages of 27 Small-mouthed Bass, 136 White Perch, 31 Common
Suckers, and one Landdocked Salmon, were determined by the sesle
method.  The sdmon wius n male, 14.2 inches long, with a weight of
132 ounees, and wias in its 4th swmoer of lile, The 31 Common
Buckers were from 13,0 to 21.6 inches long and were from 4 (o 8 years
old. The 27 bass ranged in longth from 7.3 to I8.0 tuches: and in
age, from throe to eloven yours (Table XXVI Withou! adequate

TABLE XXIV. The tomal and a volume in cuhlc centimerers of dif-
ferent t of food organisms from stomachs of Smull-mouthed
Bass, White Perch, and Common Suckers from Anasagunticook
l.ckc during the summer of 1937
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TABLE XXV, Average und sange of lengths and wdght of each age grou
of Sossll-mouthed n#lm m“-'ﬁ An:n unticook i'fu it 3
during the summer of 1937
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TABLE XXVI  Average and range of lengths and welight for cach sex of
each age group of White Perch tmndAlll’?mmlmok Loke during
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daty Tor companson with other Maine lakes, it 5 believed that these
bass from Ansssgunticook Lake had a fairly rapid rate of growth
The 136 White Perch rangoed from 6.9 inches to 12,5 inches in total
length, and were in their Sth 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 Anssagunticook Lake, as compared to the
nverage growth of perch from 43 othar Maine lnkes (see page 136 of
the present Survey Report No, 4), were as [ollows:

Age greup: v Vi i NIl X hY Al X xXin
Mimssgunt ook
Take! is b [} =8 RN AS | " 0o LA

41 other Maliw
Inkew L nNT 7.1 Th LAl KA T "y LS |

it was computed from these fgures that the lengths of perch from
Anassgunticook Luke by nge group sveraged 0.4 inch longer than
pervh from these other lakes in Muine, This growth index of +04
represents o rute of growth anly slightly above the aversge, for growth
indiee= of from +1.5 to +2.6 have heen found for perch from several
other Maine lakes {page 151).

Conclusions. The prosent study has revesled that Anssagunticook
Luke is, at best, n fair trout and salmon lake from the standpoint of
depth, tempemtuare, and dissolved oxygen, with 17 per cent of its
water volume and 16 per cent of ity bostom wres available to trout
andd salraon during late summer. The records of fish taken by gill
nets indicated, furthermore, that there had been relstively poor sur-
vival of salmonids from the extensive plantings made daring the 10
vears previous to 1937. Dunng this 10-year period the State Fish
und Game Department planted the following: 31,800 Land-locked
Salmon, 33,000 Chinook Salmon, and 275 mature Brook Trout, The
Chinook Salmon and s large proportion of the Landdocked Saimon
were planted from 1933 to 1935; and by 1937 these fish should have
been of a size rendily captured by the @l nets; vet no salmon or trout
were tuken by the 42414 hours of fishing with the gill nets.  This ap-
parent =earcity of sulmon in the lnke was verified by reports from local
residents, and by o report from the Warden Supervisor of the district,
to the effect that very few Land-locked Salmon amd no Chinook
Salmon were paught durng the period from 1933 to 1937, In the
writer’s opinion, this poor survival of stocked salmon can be partly
attdbuted to the fact thut the lake is not first-class trout and salmon
water, Other factors elso must have been of considerable importance
in the poor showing of these salmon, judging from reports of better
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sulmon tishing previous to 1933 Bwvidence from the 1937 study indi-
vatod that the sexrcity or absenee of smelt wazs undoubledly an im-
portant factor, No-smelts were found in the stomachs of any of the
146 White Pereh, nor in any of the other fish feom this lnke; yel i s
knpwn that, in Maine lakes in genoral, poreh foed extensively on
emolt whero they are avadlable,  Also no smelts wore taken by sein-
ing. Tt n woll known fact that smelts aro nevessary in most Inkes
to maintain & populstion of Land-locked Salmon, and the same state-
ment might be made for Chineoks in most Maine Inkes. An addi-
tional factor which may have affected, adversely, the salmon in this
luke was the sbundsnee of White Perch, Small-mouthed Bass, and
Comman Suckers, together with =ome Yellow Perch and FPickerel, sl
of which are food competitors with sslmon to some extent, Lt ks, in
faet, surprising that even o few salmon survived from the plantings
in the lnke, since the lake is only fuir sslmon water, its principal food
(the Smelt) was appurently e or absent, and there was an abun-
dant population of ot least five competing species of fishes [t is im-
prebablo thut mueh bettor survival will cesult from Mature plantings
of salmon or froat unless these sdvers: conditions are correctad to
some extent, The planting and protection of smelts together with
recuetion in the population of wazm-water game species and suckers
are, m the writer's opinion, the mest promising methods of improving
conditions for salmoen or trout.

The fizh population of the Inke consisted mostly of the four specics
of warm-water geme fishes which are common to southern Maine,
namely: the White Perch, hass, pickerel, and Yellow Porch; and the
sucker. The growth of the White Pereh, and presumsably also of the
bass, was somewhat better than sverage. The busie fertility of the
lnke in production of plankton and bottom organisms was found to be
nhout average for the a3 lakes and ponds considerod in the present
Survey Report No. 4 The sickers were competing to o considersble
extent with the White Pereh for bottom food.  The suckers, further-
more, were more abusidant than the perch and were growing much
more rapidly. The suckers ohviously were making better use of the
bottom organisms= than were the White Perch, and the inference is
that they wero feeding ut the expensc of the White Porch, at lpast to
some extont,

Recommendations. [t i assumed that the sportsmen and loeal
residents gee i favor of maintaining trout or salmon fshing in Angsn-
gunticook Loke, From datn obtained by the present survey, recom-
mendationz nre made to continue the stocking of Brook Trout. Trout
ure favored over salmon beeanse, 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 recommondod for stocking 1 bassd on the stocking
tahle which 3 being ased for Maine Inkes in genersl: Table XT in
Fish Survey Report No, 2 (Cooper, 1939h).  On the basis of the
present study, Anassguntivook Take was accredited with & food
grade of II, mediwn fishing intensity, good spawning grounds for
trout, sad u competition fctor of 9 for eompeting wirm-water gume
fishes, Applying these evaluations to the stocking table gives an
pnnual rate of stocking of twelve G-inch fish per acry, for 328 weres
which 15 the aveenge between the totsl ares of the lake and the bots
worn ares within the trout zone during Iste summer, “This ealeulation
gives an annusl stocking of 3,900 six-inch Brook Trout, which is reg-
ommended.  Along with this stocking of trout, offorts should bo mado
to greatly reduce the population of White Perch and Commaon Snek-
ers, and to protect and maintain the smelt population

NOTE. Snee 1937, when this survey of Anssgunticock Lake was mode, oonsiders
able stocking of Sh hae been doee by the Fish nnd Game Department, 1o June of
1038, 5,000 patore Rainbow Troat wore plunted, and loead pesidents of Cantan .
mdnd thot nooe of theso fsh wore mlﬁht up to the summer of 1941, During the
1ol 19650, 10,000 Brook Trout (4 ta b inckes tengel, nod during May, 1940, 5,000
Brook Truat {mature fieh), wrre stocked in thie lalee. The majarity of the matie
fsh were repocted to bave beon caught within & fow wesks alter being releand.
Through tie sffarts of the Canton Fish urd Gume Associntion, (rom 4 to § midlkon
vmelt ogas were placed in Bparrow Brook daring the wpeings of 1038 and 19400 1t
WK by members of the asocation that there wus o good prroeatage of
lntely froan these eggs, arnd that staelts haove been on the inorease i the Inke dunng
100%, 10, and 1081, This grazn of trout stovking, aod plantiong snd protestion
of the Smelt should be euwlvmmud by drustie reduotson of perch and sockers
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PLATES I TO XXV







I'LATE 1

Fish taken by gill nets:

A From Plessaot Poed in Turner on June 220 1M0. Brook Treont (9) and
Small-ppouthed Hass (1), The bass wesghed 4 Ibs, | ox.; the largest trout weghed
13.3 initnies

B From South Pond in Greenwoml oo September 5, 1980, Togue or Luke
Trowt 12) and Common Whitei=h (1), The langest Togue weighed 4 s, 1 oz

C - A 2lepound Ssanllmonthed Base in the net in Tripp Powd in Polard
oan Augast 140, 1940

D — Two Prekerel and voe White Perel (0 the net a0 Androscogein Lake on
June 26, 194, The largest Plekord (in the foregronnd) weighed HL5 ounees,



PLATE 1

Two gl net collections (v Webb Lake in Weld,
A — September 10, 140, Small-monthed Bass (3), White Perch (98), and
Cuommon Suckers (8), The largest boss weighed 2 1o, 13 om
B September 11, 1940, Piekerel (1), Common Sackers (25), White Perch
(14), Land-ocked Salmon (1), and Spsll-mootheod Bass (1) The pickerel
weaghed 2 Jba. 13 ozs,



PLATE 1

Gl net csitedi fromm Tasdor Pood in Aubam on August 14 1910, Commen
Suckors (15}, White Pervh (4), Galdear Shiners 12), and Comvnon Rekerel (7)
e logest poekaved welghed 1 15 10 o2s
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PLATE IV
Seadee of White Pereh ([ Movane amvevecamin); fonale; standard or body kength
T4 invhes; todal longth, S7 ineles; weight, 5.9 oanees.  From Sath Pond
(P522), Septomber & UMO Fish st the end of its 3nd sumeoer.  Annubi or
“winter marks" aro namborsd | {0 2



PLATE YV

Seale of White Pareh { Mormme anseicone): immature female: standand leagth,
5.0 inches; tofal Jength, B0 inches; weight, 16 suneex  From Mamnacook
Loke, Awgust S, 10, Pish o ded samaeer of Bfe, and approiently lions neady
compleded an avernge dnd-anmmer sesle growth,  Annudi numbersd 1 to 2.



PLATE VI

Purt of scale of White Peechy ( Momone asmerioanal; female; standard loogth,
5.7 mvhes; todnl length, 7.0 inebes; woight, 2.8 ounees. From Marmsnancook Lake,
Amggust 3, M0 Fish in dth sammer of Bfe. and apperently has noarly tom-
pPetedd un nverge 4thummer senle growth,  Annuh numbered | to i



PLATE VI
Part of scale of White Pered (Worone amersane); female; standand longth
0.9 inches; total bengthe 71 mockes; weight, 25 ounos- Froon Muranseook
Lake, Amraet 3. 1940, Fish in 4th summee of fife,  Annuli mamhorsd 1 to &



PLATE Vil
Sale of White Perch (Movowe amercana):
inches; total Jenigth, 102 ioches; weghtl, 85 uunees
Vah in 6th (possibly the Sth) summer of life; Sth anomlus
Annuli numbered 1 to 5

August 3, 1940,
npparently forming along sntenor margin of sede.

female; standant length, 83
From Maranaeook Lake,



FLATE I\

Part o seale of White Perch Morage emerscona) from Marsnseook Lok
Vogust 3. 159400 This seale and the seale on Plate VI are difforent seslis froem
the same fish  Endargement of laternl field with 4 soruli (opumbersd 1 ta 4)
1o sbow “eatting over” of the circudi by the anoahes (nt C), and the ineresse s
degeree of Haring of cwrenli between two annoli along the posteriordstorul fiald of
the seale (pt 1y






PLATE XI
Part of seale of White Porel (Mevons amerfensa) ] male;  stasdand longth,
4.6 wohe: todal length, 79 inche; weight, 3.7 sunoes. From East Pond of
Bogrades, July 13, 19400 Fish in 7th summer of fife; the o) annulies is just
forming sboog the antersor margn of the sesde,  Annul pumbered | to 6



PLATE XII
Scale of White Porehs (Morowe ameriorwa); wmanle; =tandant length, 5.8 tnebes;
total bength, 09 jnebes: weight. 2.2 ounees.  From Grent Pond of Belgrdes
June 21, 10 Fishoin Sth sumemer of Wle; bt seads sows no growth a= vot
for the St sy (1940). Aonuali numbered | ta 7,



N

PLATE X1
Part. of senle of White Perele ( Movose emericonal: made;  standord feneth,
8.7 inches; total length, 106 inebes; w A, LG ounees Fish in Sth sueanes
of life. From Long Pond of Velgades South Part) June 27, 1910, Enlarged
poction of anterior and luteral Beldds showing the Bt 5 anonli, and showing
slotndls of the arrangement of the virnadi and clsmetesistion of the namub An

nell numibsesed | ta 5.



PLATE XIN

Part of seale of White Pereh (Morone ameeceoova ), femsde, standard length,
S50 medes; tatal lemgeh, 67 inckes; weight, 2.1 ounees. From Wehh Lake in
Weld, Soptomher 10, 1940, Fish ot omd of it 4th sammer,  An accessary cheek”
may be seen dn the unterior field between the 2d and 3od snnull. Annoll nus-
hernd 1 10 3
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PLATE XV
Seale of White Pyreh ( Morone ameneosa); female;  staodard Jongth, 5.5
ineles: total Jength, 6.5 inebes; weight, 1.7 ounces.  From Auburn Lake, June
25, 1544, Fish s Sth samuser of Life; the tth annulas apparootly is just feeim-
ing adorge the soterior peargin of the seale.  Annali numbersd 1 to 4.



PLATE XVI

Seale of White Peroh (Morome amersana): female;  standasd deogth, 5.4
mehes; total lemgeh, 6.7 mokes; weight, 1.8 onsdes. From Aubirn Lake, Jupe
I8, 10, Fish in Tth sumaer of life; the Gth aanulus i just formege adong the
anterior mangin of the seale.  Annuli numbend 1 10 6



PLATIEE XV

Seale of White Porels ( Momor amesiovne); femude; standuard Jength, 7.0 inehues;
total feanth, 9.3 Inches; weight, 623 ouces. From Great Pood of Delgrades
Soptomber T00ML Fish st oxdd of lesc High sienmer. Annull numbeoed 1 ta 0



PLATIES XVIII

Seule of White Parch (M aruae amenicoxe); mnke; staodard hogth, 8.1 inchess
total lengthy 9.7 Ineles; woight, 6.8 cunces.  FProm Cochiowwagnn Pond, June
185, 1946 Fish in TEED summee (possildy tho 1064, foe tho Srd anmulue indicated
ahove = doubtiul); the het umnl‘us = Just forming of the margin, Aol nam-
hered 1 16 10
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PLATE XIN
Pare of scale of White Perch (Morone smuyioane ),
Mate XVIIL  Annuli numberes) 1 to 10

Sarse soule a4 shown on



PLATE XX

Sendo of White Perek (Movenre mwowerioenn )z melo; standacd loageh, 0.8 mckes;
togad lengeth, LLA inehes: weight, L0 ounees.  From Graham Lake in Walthom,
dumnry 30, 19 The fisle hns completed it Tth smoneer of life.  Annuli o
besod | o Wl



PLATE XXI
Senbo of Wihete Porcly (M arony amerioama ) mnbe; standard Jongth, 114 inches;
total lengeh, BED irches; weight, 23,5 ounven,  Frotn Geahosn Lake (s Walthaon,
January A0 14 The fisd bas completed] its Sthosuenmer of lfe,  Annuli nom-
hered 1 10 7
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PLATE XX1I
Senle of White Porely { Maorone smerisane)) mude; standard bengtl, 1000 el
total kength, 123 inches; weight, 14.6 oumees.  From Webh Lake i Weld, Sep-
tember L1, 1910, The writer interprets this seale ns indicating that ths fish
wns completing its 17th summer of hfe. Annuli numbered 1 to 16, For detalls
of a portion of this weale see Plate XXIII,



PLATE NAILD

Part of sendo of White Perchs (Morser americana), frorm Webb Lake in Weld
Sarmw sende a5 on Plate XX11 Endurgemnent of anterioe nod intern] hiedds, ine
cloding annuhi 3 o W



PEATE XXIV

O Two Brok Troot casgld froo Sooa Pod o Mosadotchon  Laks
|

daning the spdog of 141 One was o omale, the ather o fensle.  Each el 25
Isches g, weighed 5 1hs 1§ oxs
Lovws Walloved Piko speantsd frams Great Pond of the Belgrados, Spring of

11441



FLATE XAV

Spearing Walloved Pike at night oo their sgaonniog grosnds o Cireat Posd of
the Belgrades during the Speicg of 1M1, This spearing 1= most sueoessinl in
shallow water sned when the wuter surfeoo &= quoe
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