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Part 2-Their Distribution and Movements

by Dwight A. Webster,
Projessor, Fishery Bislogy,
Cornell University

~§ AYUGA LAKE has an ares of 66
sguare miles and 2 maximum
depth of 435 fest. Bost of the
iske is potential trout habilat
for much of the year, This provides z
ot of territery for z lzke froul io swim
in and for & fisherman to Bsh in. For-
tunately, condiiions are such that the
two cszn get together with reasonable
freguency.

The curremt study of lake trout in
Cayoga has been primarily concerned
with the role of haichery-reared trout in
maintaining the population and with
other pertinent management siatistics
Undetlying this study are 2 falr amount
of basic data fundamental 1o drawing up
management recommendations, but also
of direct inierest io anglers. For example,
in the preliminary stages of the investi-
gation there was an immediate need 1o
determine the degree to which lake trowt
gtilized the deeper waters, This had a
hearing on the sampling program. but
has obvicus implications 1o angling. Sim-
ilar comment applies to movements and
distribution of trout as determined by
tagging.

Deptk DHatribution
)

Cayuge Lzke has an smple supply of
oxvgen at all depths so that this does
not limit the use of the deeper waler
by trout. In 1950, z former graduste
student, James Calligan® undericek =
study of the vertical distribution of lake
trout in Cayuga.

The procedure consisted of seiting
gill nets at right angles to the shore,
stariing them at 2 depih that was= slightly
ahove the habitable range of lake trow
and extending sutwards into the lake—
following ths bottom gradient—Ior the
fength of the net {usually 500 feet}. The
bottom in Cayugs Lake drops off quickly
in many greas se thet the decp end of
the net often fished st substantia] deoths,
The position of captured fish was noted
slong the lengih of the net as it was lifn
2d. This information was later correlated
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with the known profile of the Iske bot.
tom in the area fished,

The resulis of this study ars sum-
marized in Figure 7, showing the depth
a1 which lake wrout were caughi. In ithis
chart, the width of the pattern band ap-
proximates the relative sbundance of
trout 8t wvarious depths during the
monthe of June, luly, August and Sep-
tember. It will be noted that lzke trout
move 1o greater depths as the Summer
advances. This is old stufl to lake trout
fishermen. Lake trouwt and warm waler
don't mix, and & is evideni that with
higher surface itemperatures. trout are
forced deeper and deeper. The upper-
most limits in these distribution figures
correspond with a temperature of sbout
60° F. Thirty 1o 40 feet would be rea-
sonable depths to fish in June and July,
but it is ohvious that late season anglers
should be working water of 70 fest or
mare.

There is 2 Hmit to the depth commoenly
inhebited hy Cayuga trout. [t is eviden:
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Figure. 1. Depth distribation
of lokers during Sammer

that mest of the wout Uve 1 waler less
than 150 feet in depth. Contrary o gen-
gral epimisn, lske rout are not par-
tieularly fond of “ice cold” betiom
waters, even when zbundant suvgen per-
mits travel thers, Below depths of 200
feet Cayuge Lake temperatures ars ree-
sonably constant at sbout 39° ¥ in the
Summer. This is not a good temperature
for growth and there s listle suitable
food at such depths for large trout. The
average prelerred lemperature of lake
troat is about B degrees according io
laboratory tests by sclentists at the Uni
versity of Toronte. The study was cone
docted by placing lake trout in a large
vertieal tank, the water in which ex-
hibited a temperature gradient from top
to botiom. Positions taken up by the
fish were noted throogh windows in the
side of the tank and related o tempers-
tures at that depth.

One must reglize that the temperature
gradient in a deep lake is sot gradual
The iemperature cvele in water s toe
detailed 1o explain fully in this article,
but the essential festures for the Sum-
mey period are as follows:

A lake has a warm surface layer of
water that inecreazes in thickness as the
Summer progresses; by late Summer in
Cavuga Lake. this laver lies st g depth
of 50 to 70 feet. This water follows the
ait iemperatures, rizsing or falling slighi-
Iy in warm or coel weather. These tem-
perature changes are dependent upon
wind action to 2 comsiderable exient.
The wind alse determines the depth to
which the warm waler laver peneirates.
Below the warm laver is 2 fairly narrow
band where the lemperature drops very
quickly; then it gradually falls o the
minimum boltom tempersture in a third
layer. Botiom temperstures vary among
lakes. depending largely on depth. and
exposure 1o wind. In the deeper lakes,
of which the Finger Lakes are prims
examples. the minimum lempersture is
about 39° F. Actusl Cavuga Lake Sume

mer temperature in the three lavers
might be:
Denth Temperature Drop
Suorface to 60 68.66°
&0-8Y §6-48°
a6-400 48.3%°

Siability of the temperaturs lavers is
never complete as it iz aflected by
weather and currents, In the smallsr
Finger Lakes, the thickness of the warm
surface laver is no! so greal, as wind
has correspondingly less effzel

One limitstion of the date in Figure
I is that it revezls only whsat happens

“when the trout are following the bottom

where the gill nets are fished. Lake trous
are generslly considered fe be primarily
bottomn  inhabitants. Hewever, angling
suggests that a8t times they move inio
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the open waters, presumsbly te feed on
pelagic lopen waterd schools of saw-
heilies, The “Seth Green rigs” a come
mon ubit of zngling gesr in the Finger
Lskes sres, were developed specificelly
i ferret eut the position of the lake
trout by the several spoons sirung oul
over the lemgih of a drop lne In e
cent yesrs a large flasher iype of lure
shat originated on the West Tosst has
been successfully ussd by a number of
anglers fishing mid-lake and off bottom.
As a general ruls, however, the botlom s
the mest productive arsa fo fsh for laks
irout. Accordingly, it pave to be familiar
with the bottom contours ¥f one b serh
ously interesied in Bumrmer lake trout
fshing, The “sld timers” know the sub-
merine valleys gnd sidges of Cayuge
Lake and take in or pay out lse ao-
cordingly.

Segsonal Movement

When surface waters are cold during
the Winier and Bpring, the lake iromt
mav be inshore, ofien in water only a
cpuple feet decp. The Finiter movement
inte shallow waler & very consplcucus
hut reasons for this are not clear, There
seems 10 be no {ood of consequence svail
able and the possibie influence of waler
temperature 1s not convincing, slthough
Little studied. Through late Winter and
sarly Spring the lake is homothermous;
that is, the same temperature from lop
to bottom. Sinee Cavogs Lake does not
nermally  freeze, cosling  continues
throughout the Winter and iemperalurss
asuslly ron from 349 w 36° FL

The habit of frequenting shoel water in
the Spring smskes for more inleresting
fshing. The advent of spinning has com-
pletely revelutionized lazke trout fishing in
Cayuga Lake as suecessful angling can
be experienced from shore as well as
frorm beat. Leke trout seem easy o
eaich provided they can be located. The
good Bpring Bshing stems from greater
geailebility . ., front are concentrated
in & relatively narrow shore zons and
can ses the lures or hall readily. Fishe
ing tekes & nosedive i the water be

in soms of the Finger Lakes (a5 well as
the Grest Lakes and perhaps elsewhers)
are characierized by deep spawning pep
ilations of trout. This s in contrast with
Adirendack laks trout, for szample, that
iravel into shoal water o spawn on
gravel bars. Laks wront of Cayugs and
Seneca, the sister lake to the west, spawn
at depths of 100 feat or more. They szek
out areas where the bottom is kept clean
by strong sub-surface currenis. A former
gradusie student, D, W. F. Boves, ook
underwater photographs of the trout
epawning area off Pesch Orchard Point
in Seneca Lake. The bottom gravel had
a wellscrubbed look s though 18 had
just been brushed. In Cayogs Lake the
traditional spawning place for lake tromt
is at Taughannock., Adult trout copcen-
trate here in late September and Octoher,
{3ther areas siirsct some spawnming fish
~—Frontenae, Crowbar, King Fersy—but
1ot in such pumbers.

Tagging

The concenirated spawning popula-
tion at Taughanaock s & convenient ares
for obtaining numbers of lake troumt for
tagging. Subseguent recapturs of these
marked fish has {urnished information
on the movements and general distriboe
tien of lake tront in Cayuga Lake,

Figure 7 chows the recapture grea of
tagged lske trout in Cavugs Lake, re-
covaries made a vear ov more aftsr ree
lease. As only angling recaptures are
invelved, the number of returns are a
faly indication of fishing success in vari
ous parts of the lake, There 1s 2 wide
spread sceitering of returns throughsut
the lake, but certain greas are noiahis
for recoveriss. A fruitiul interpretation,
however, requires additional dats on the
season of the vear in which the recoveries
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Figure I, Coyugn Loke aress of
recapture, Dots represent lagged fish

ware made,

To explors this, the dats are restrivied
te trout iagged st Taughannock in the
Autumn and recovered during the season
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comas relly dus to heavy run-off in the
tributary sireams. Even when tromt are
inshore & is still 2 good rule o fGsh
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ging {and often losing} s few lures now T 4
and then. There is enough irregolarity 10 §: A !
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these Spring movemenis 1o preserve most
of the uncertainty distinetive of ang
ling. Trou? mav move in—and 822y in—
sver g relatively long period of tims or
may be more srratic in behavier, If is
net yneommon te fsh fof severdl Beurs
and have all the zctivily in a compara-
tively snort space of time

Faill distribution of the larger trout is
conditloned by spawning habiie, Troum
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Figure 3. Dots represent iogged lghers; arrows probable direc.
fion of trovel ajter tagging @ Taughurnock previpus Auvtumn



immedistzly following {iz. AprilSep
tembary., Donsideration of the recoveries
by menths thus permits the iracing of
movements through 2 cziendar vesr as
well as showing seasonal distzibution
{Figura 3}.

A widespread dispersion throushout
the lzke takes place by April {The ar
rews indisated in the chart are purely
suggestive, as there is no way of telling
the exact route g hsh travels between re
lease point snd recapture ares.) Trows
invade the western shore of the northerr
shoals a3 Canogs, shewing a distinet
fiking for this ares in early Spring. Per-
hape it Is the vubble paved E}s‘a{mg or
;ﬁE‘;"}%ﬁ?& the sarly warming of the shoal
water that afiracie them. In sny svent,
the durstion of the fishery in this ares
ja gt the merey of waler lemperasture,
and in & normal seassn is likely 1o end
with warm weather in May. Thers are
ather zress that provide good early fsh-
ing, mest of them indicated in Figure 2.
Even within these favered arvas, thers
are more localized “hot spots” Thess
must be learned from experiense.

June recoveries shew s closing of
ranks to the deeper central basin and
throogh Joly and Auvgust all recoveries
are made in a lmited aves of shoreline
roughly five miles long, extending from

King Ferry northward 1o Willets {avesn
EVY. If Teughsnnock is considered tradic
tional breeding  grounds, then King
Ferry gualifies as the “Summer resort”
of large treut. Gill  nst  samples
throughout the Iske have establishad
the fact that large troul do not ocour in
substantial numbers in the remainder of
the lake during July and Auvgust The
following schedule shows the number of
tront taken in each of the srez or sam.
pling seciions netted hetween 195055,
using the ssme amount of nesting effert
in esch section:

Lake Section Kumber of Trout

Hetted Gper 207 Under 207
i 24 i85
it 24 205
i 35 241
v 196 511
¥ iz 163

It will be noted that the conceniration
of trout in Section 1V iz not comprised
wholly of large troui; small trout, too,
are more abundant here and ls the ad-
joining portions of Section 111 We do not
know, as ver, why trout are attracted so
strongly to this section of the lske at this
seasen of the year. The bottom here has
a gentler slope at depths that may be &b
tractive to trout in Summer. Ur per-
rhance the fish may gather to partske of

the sclphur waters that are reputed io
wail upw&zdﬁ mio the lzke in this arsa,
{Curicusly, lake trout in 3eneca Lake
seem oriented in an almost identical geo.
graphical pesition at Lodi Point during
the Summer.)

September netting data must be used
1o furnish evidence {or the veturn journey
t¢ Taughasnock. The angling season
cioses 2e early in the month that few re
capturss are availzble,

11 the Qa*ﬂ:ﬁga tromt wers g hatural,
self-supporting population one might be
tempted o explain thelr movements as an
ancestral hereditary patiern. HBot as
pointed sut in an sarlier articls {Cow.
SERVATIONIST, April-May, 15858}, the pres-
ent stock s virtmally all of haichery
origin and from Seneca Lake parenis
Perhaps random movemenis eould ac
count for attracting large numbers of
trout in sress of favorsble habiter, but
the possibility of orienting factors can-
not be ruled ont. The patiern described
appliss only to adult trout, Hecoveries of
irout tagged as iuveniles ars less plentd
ful, hut the indirect evidence from net
ting suggests they remain well scattered
threughout the year (northern and south
srn shosls  excepled). Finclipped
hatchery fish relessed In Section I take
shout two vears to disperss compleiely.

Part 3~Their Food, Growth, Survival and Management

This is the third and conciuding
article in this series on the lake
irpui of Cavuge, Twelve years of
intensive studies by a greai many
fishery bislogisis hove beemn in-
vested in this work. They have pro-
duced & milestone in fishery re-
ssarch ond moncgement gisuring
the juture of this fine spor? fishery.
~Editer

LAKE THOUT in Cayugs is often
giuttonous in feeding habits but
van scerosly be cheracterized as
a gourme!, even piscatorially
speaking. A single food Hem appesrs
with regulerity: The “sawbelly” or ale:
wife, ri_ﬁ this hitle silvery Bsh goes the
credit for the high lake trout production
of certain Finger Lakes where it has
taken up residence: Cayuga, Benecs, Ke
uke snd Canandaigoes,

£3f 738 lske treut stormachs examinsd
during the Summer months {1948.55),
60 per cent had eaten one or mors ale
wif;es Alewives first appesy consplouous.
Yy in the lake trout diet at lengths of B 1e
Ef} inches, Baby lake troot fesd on the
desp waler crusiacea Mysizs  and Pen-
toporeis end cocasional boltom insscis.

The only other recognizable fish eaten by
lake trout are “Ciﬁ?iﬁb {found in 29 siom
acks} and the odd trout-perch, smelt and
cisco.

Pontoporeia, another food of baby lakers

The coming of the alewife to the Finger
Lazkes is somewhat of a mystery. Becords

indicate it was well established by 1872,
50 that residents accept the fish as geing

with the area. Alewlves are sssentially
smerine in habiiat, living in the cossial
waters of the north Atlantic but spawning
in fresh-water siresms in the Spring. The
“landlocked” form in the Finger Lakes
differe in the much smaller maximum
size {4 to § inches compared with 10 10
3% inches in the marine form) end in the

by Dwight A. Webster,
Professor, Fishery Biology,
Cornell University

loss of desire o reiurn to salt water
Alewives belong is the herring family
and they retain the family schooling
characteristics iz freshowster.  Usnder
Fingsr Lake conditions they are very sue-
cessfnl, sceur in tremsndous numbers,
gnd are preved upon by nearly all other
species of Osh from rock bass on up.
Lake trout wreb a%iy get in their best
eeding on alewives during the late Spring
and early Suminer. At this time slewives
press shoreward to spawn in shallew
water and the malure p@;}m&%i{m is
crowded arcund the periphery of the lake.
Althsugh warm surface watsr s sufficiant
o har lzke trout from following zlewives
to the along-shors spawning grounds,
there is stll plenty of easy feeding a
depths just belew 25 1o 30 feet. This is
the fattening period for the lakers afier 2
lean Winter. By human standards, als
ives would be considersd 3 “fatiening
¥ have a high 2il content that
in heavy fai deposits in the
dy ¢f the well-fed trout
Smelt are often considered as iradh
gional lzke ireut food, but they are vir




fipally nt frem Summer trost stom.
achs in Cavaga. The resson
an almost complete separation of smel
from lake trout at this time Gill ner
samples indicate smalt sre most abundan
over the deep ”{mi %%;a-: i
noerih and so
trouat re:gz‘cz § 5C
are most prominent as food in the Soring
when they sheal Inshors for spawning.

fop this is
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Young laoke trout fure well on
—-the opessum shrimp

Sculpins present someathing of 5 hors
d'seuvre appearance and lake irout find
them appetizing. They are best known o
lake hshermen by in prout
stomachs in the Spring. Trout also eat
sonipin eggs, These are laid in clusters
onder rocks and the fish maust have o
root to get them, The
pearlescent pink eggs are large {abou:
Yy ineh in diameter) aznd the notion is
common, though in error, thal lzke treut

ApDEATAnce

ahout 2 kit

are fesding on rainbow trout eggs. and
that the latter species is spa g in the

lake proper.

Seulpin——ancther trour delicucy

Growth

;nmcn o provide f*ﬁ ﬂa
;}&riizaﬁdrw in early life
below shows average mid-season size
iske trout in Cayuys Lake:

Lake Trout Crowih—CODayuga Lake

Age (vears) Boiuhs
{fha}

i P

2 6.3

3 LG

4 22

& 31

7 Y

g 6.6

9 a8

Smwi}% ‘?E*amugk
ich more rapid

tered i%*&*ﬂé‘é‘iﬁ in speci 1e
ters is chargcterized by warp des
CTRAEE T gﬁm’ﬁz rate after age and

Close-up of two open wounds

left by imfr;}fev eel attecking young Covuga

lake trout; body wall has been 532’.? ced and part of digestive tract profrudes.

Often only a perforation is made s in second wound, farrow) through whick

lamprey sucks bised and body juices,
it s evident thai on the average Cavuga
lake trout grow slowly after an g a
tengih of sbowt 25 inches and five pounds.
In this regard it also differs from huke
trout in many lakes whare fast growth
eontinues through later lile and weights
of 20 pounds or more are commonly
tained, Some lake trouwt in Cayunga do
reach 10-13 pounds in s t, but these
are nol numercus. §he largest lake trowt
examined by University biologlsts weighed
19.6 pounds.

The growth patiern in Cavuga is char
acteristic of other Finger Lakes with ale

wives. Attalnment of maturity s re
sponsible for the sharp decreuss in

growth, Msale lake trout commonly ma-
ture at five vears of age, females ab aix
After maturity, food intake must alse go
inte replacement of the ?éi;ms&uet%ve prod-
s well as general loss of weight thas

stiends the spawning sesson. This
aeed has to be taken care of before thers
is much of 8 net increase in growth, An
alewile diet s adequate 1o bring the older
fish hack inte condition. but provide.
hizle margin for average pepulution
growth at current densities of both popu

[ ]

slwavs

lations, Waters that typieally produes
large lake irout do so because of an
abundanca of larger fond such as

suckers, small whitefish or elscoes. Ap-
parenily it is simply an exampls of get-
ting more oul of 2 meal consisting of a
one pound sucker, for example, then have
?;E’Eéé i warry a school of alewives to con.
sulne the 'nzfrzzmndf ?ﬁ&i?&;ﬁﬁu in 44 or
small £

G ﬁ‘,
e frout in Cayug
mum jegal length of 15
§e§az vears ef age.

g&i?z;.z gmwii’z daia
= attain the mini
at thres o7

% inches

Leke trout are slower
and

. :
ake twice ;%m time 1o resch such

Survival

The age and zrowth studies in Cayvuge
Lake are suiteble for investigating cer-
tain aspects of vital statistics useful
fishery management. Une of these is t}m
answer {0 the guestion “What proportion
of the fish live from one vear 1o the pexs?™
in a large body of water, evidenze on this
point must obviously be determined by
indirect means,

Basically, the methed conzists of da
termining the numbers of fish of varioys
ages in a represenlative samole of the
population, On the average, as age in
creases, the numbers of individuals rep.
resented will decrease through the Hfe
span of the fsh. This is becayse fishing
and natural faclors ave removing fish
from the papa’azi@n. In 2 simpiified ex-
ample, 2 sample might show 200 fish of
age 3, 150 of peroentage

.

sge 4. The
survival betwesn these two ages is 150
divided by 200, o1 75 per cent. This
process can be repeated throughont the
range of ages in the sample and average
survival obiained. In the 1400 trout
sample rom Ciyugs Lake this works ot
1o 46 per cent for trout over four vesys of
zge. It follows that aver an estimated 54
per cent {100-46% die off each vear. Ons
would hope that most of thess deaths were
due to fAshing, bui addizional figures do
not hear thie ool

An sstimate of pereeniags of irout
taken by angling can be obiained from
tags returmed by Cavuga Lake anglers.
There is g minimom retuzn of 5 10 6 pex
cent of irput tegged the preceding season
snd it is probable that the angling esieh
does not accouni for over 10 per cemtu
This lsaves an unazocouniable deficiy of
about 45 per cont ioss 1o natural causes—
old &ga dissase, lamprey zels. Segrep:
sion of these various sournes of




Alewives—No. I lake trout food

moriality would be of value byt this is
aot pessible from data now available,
The importent point is that ander preasens
conditions, more fsh are o8t te these
naturgl faciors then are token by angling.
This implies that more Beh could be re
moved by angling without greatly de-
creasing the stock of itrout or otherwise
sacrificing the present gualily of Gshing
by reducing the average size of irous
taken. Angling would be removing 2
share of the fish that would dis off zach
YEET AnYhowW.

Summary
The Cayuge Lake studles, sxiending
aver & 12-year peried {1946-1957) have
fmvolved cheerving the results of planting
more than z million hatchery resred lake

trout. The results can be summarized
as follows:

1. The hatchery fsh now planted by the
Conservaiion Department at the rate of
80,000 fingerlings and 8,000 yearlings per
year show sstislactory survival snd pro-
dizee zngling of high guality, Yearling
trout {about 3 inches long) planted in
Aprit show four times the survival of
fingerlings {3%% inches) planied in Sep-
tember, However, this superiority is not
enough to ofiset the numerical advaniage
of fingerlings {about four times 28 many
fngeriings cap be reared for the same
fond costs and space requirements) and
the related problems of carrving the fsh
in the haichery for an additional six
months.

2. Matural productien of

troul

{ayags Leke b5 insignificamt asd pre
symnably due to the poer guslity of spawn
ing sress. Tanghannook Polnt, jor ex-
smple, has & hBeavy zilt mantle on the
hottom in the azes selecied by trout for
spawning, Al available evidence indi
cates inadeguate spawning has been the
rule for st least 75 yesvs, perhaps much
longer.

3, Growth is rapid up 1o age six and &
size of abour 25 inches; thereafter It
diminishes rapidly due te the onsst of
maturity. Alswives are the bmportant foed
of all but the smallest trout.

4, {ywing 1o the growth rate and the
high guzlity of Sshing. Cevegas Lake
anglers do not usually kesp ifrout unil
they have reached a lengih of sbout 20
inches, The minimum legsl length of 15
inches is thus nen-esiriciive in regulating
the caich. Al times of pesk availabilizy,
many anglers take the 3-fish daily limit
hence thie regulation does funciion o
Himit the total caich.

5. Under present conditions many more
trout in the Cavugs Lake population ap
pear 1o die of natwrs] causes than are
saught by angling.

Muansgement Implications

There is no resson io belisve that the
present guality of fishing in Cayugs Lake
cannot be maintained by hatchery plant
ings. Improvement of natural spawning
areas does not seem practicsl for a lake
5f this size as long as there iz Hitle
sssurance that it would be permanent.

Lake tront in {avugs are not harvested
1o capacity by angling. A genersl wend
ot incressed fshing pressure may partly
take care of this. Hewever, addiional
spportanity for taking lake trout sppears
warranted. 1t is not reasonable te do this
by imcrsssing the daily limit bovend 3
fish {§ fish sveraging over 3% pounds is
enoughl, but it is reasonable to provide
increased hehing opperiunities by extend.
ing the open season.

Iy Cavuga Lake there is no aeed for
protection of an adequate breeding siock,
hence fshing during the breeding season
is not sn imporiant issue. However,
changes In regulations on this bedy of
water may alss be applicable on other
Finger Lakes sven where nalursl spawn-
ing is of importance. Some staigs and
Canadisn previnees permit year “round
fshing for lake trous, apparently with.
oui unfavershle resulis. An extendsd
season on the Finger Lakes should be
svaluated during a irial peried belore
fnal recemnendations sre made. But such
2 change seems io hold promise for addi.
tional fishing cppertimily in central MNew
Yaork, particularly when consideved with
eommparable recommendstions for rainbow
trout in these ssme waters {sse {lon.
SERVATIONIST, Aug-Sept., 1957},
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