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THE SUMMER MIGRATION OF THE CISCO,
LEUCICHTHYS ARTEDI (LE SUEUR), IN

LAKE NIPISSING, ONTARIO

ABSTRACT

In lake Nipissing there is a general migration of the cisco population from
shallow to deeper water in late spring and early summer which takes the fish
participating in it below the thermocline. The fish remain in the hypolimnion
for some time, scattering downwards. During late August and early September
they rise from the bottom and concentrate under the thermocline. Most of them
pass through the thermocline and return to shallower water before the autumn
turnover.

The downward movement is correlated with rising temperatures in the
epilimnion until the fish have passed through the thermocline. Their continued
descent is probably due to random dispersion. The subsequent ascent from the
bottom is correlated with a depletion of the dissolved oxygen and an increase
in the carbon dioxide in solution in the bottom water. This ascent from the
bottom results in a concentration of the population immediately under the
thermocline. The population ultimately moves upward when the balance be-
tween the opposing effects of high epilimnial temperatures above and unfavour-
able concentrations of dissolved gases below is destroyed by the continued cooling
of the epilimnion and further stagnation in the hypolimnion.

An orderly succession of certain groups of individuals is apparent III the
migration. The largest males migrate downward earliest. These are followed
by the largest females and by large males and so on. The two youngest age
classes are the last to move downwards and their migration is never so complete
as that of the older groups. The pattern of the upward movement is more com-
plicated. Quite large but by no means the largest fish pierce the thermocline
earliest; the order of leaving subsequent to this involves fish both above and
below the intermediate sized group which left first. The smallest fish leave late
and the last of all to go are the largest males. This order of migration has
been explained as being the result of a decrease with age of tolerance towards the
factors initiating migration.

Profound changes in feeding activity are correlated with the summer migra-
tion. The ciscoes apparently stop feeding just prior to migrating below the
thermocline and may not begin feeding again for six weeks or longer. The length
of time during which they do not feed varies with the time at which they migrate.
When the fish leave the hypolimnion in late summer they again stop feeding for
an undetermined length of time.

The migratory and feeding activities of the individual are related to its rate
of growth. Certain individuals found to be feeding in the hypolimnion in July
grow more quickly than fish of the same age and sex which are not feeding there
at that time. The proportion of the members of a year class which feed in the
hy.polimnion in July increases as the year class becomes older. Correlated with
ht~'sincrease in feeding activity there is a general acceleration of growth in the
igher age groups.

INTRODUCTION

The cisco, Leucichthys artedi (Le Sueur), has been the
subject of much investigation. Studies on its rate of growth
and other phases of its life-history have been contributed by
numerous authors, and its variation in form has also received
considerable attention. The great gap in our present know-

9



10 SUMMER MIGRATION OF THE CISCO

ledge of this species lies in the lack of precise information of
its habits, and the relation that these habits bear both to the
great variation in growth rate of this species in different lakes,
and to its proverbial diversity of form.

During the years 1929 to 1935inclusive, when the Ontario
Fisheries Research Laboratory, of the University of Toronto,
had a field station on lake Nipissing, an opportunity was af-
forded for some work on the variation and on the movements
and feeding activities of the cisco. Our attention was not
directed towards a study of the migration until after a con-
siderable amount of preliminary work had been done. When
Professor J. R. Dymond first visited the station in 1930, he
was struck by the great variation in form exhibited by the
ciscoes in lake Nipissing. It seemed to him that this circum-
stance might afford a suitable opportunity for an investigation
which might provide some insight into the problem of racia-
tion in this species.

During the first two seasons, ciscoes, taken in routine net
settings which were being carried on as part of a general
ichthyological survey of the lake, were selected without refer-
ence to their systematic characters. Professor Dymond meas-
ured various characters of these fish, commonly considered of
taxonomic importance. It was found that there was a wide
variation in the proportions of certain parts. For instance,
the relative length of the head covered 65per cent. of the total
range of this character found by Koelz (1931)in the type races
of the twenty-four subspecies recognized by him. On this
basis one would expect to find at least two or three subspecies
in lake Nipissing.

However, in a preliminary study of the taxonomic mater-
ial, no facile interpretation presented itself. Although the
total range of variation was great the distribution was, on the
whole, unimodal. Further, no consistent differences could be
detected between samples from different localities, nor could
samples from one locality be relied on to exhibit consistently
the characters of one particular section of the total range of
variation.

From these findings it was concluded that study of the
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SUMMER MIGRATION OF THE CISCO 11

racial problem could not be centred solely on the accumu-
lation of proportional measurements. For this reason further
work was devoted to the investigation of the ecology of
the species rather than to the mere acquisition of specimens,
since it was felt that a programme which would allow the
systematic characters to be examined in the light of a know-
ledge of the habits of the population would be likely to yield a
more fundamental contribution to the taxonomic problem.
This, then, was made our main object of study from 1932
until the end of the investigation in 1935.

The present report covers our knowledge of the activities
of the population between May and October and discusses the
relation of our findings to the broad problem of raciation. It
is hoped that these findings may be applied later to a more
critical consideration of the systematic characters of the
individuals.
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DESCRIPTION OF LAKE NIPISSING

Morphometry
Lake Nipissing lies in the Precambrian shield, lat. 46 N.

long. 79 W., at an elevation of 640 feet. The lake has an area
of 345 square miles. In shape it is long and narrow; the long
axis extends east and west for some 50 miles while it is on the
average less than 12 miles wide. Lake Nipissing is rather
shallow, the western half being almost uniformly less than 15
feet deep. The accompanying map (figure 1) shows the depth
contours in intervals of 15 feet, and the proportions of differ-
ent depth zones are given in table 1. It will be noted that
only about one-half of one per cent. of the lake is over 75 feet
deep. This deep water is all found in the vicinity of the source
of the French river ([15, 5], figure 1).1

TABLE I.-Percentage of the area of lake Nipissing below certain depths.
Percentage Depth

100 0
68 15
12 45
2 00
0.5 75
0.3 105
0.1 150

Temperature Conditions
Temperature records for a number of years are shown in

figure 8 (p. 29). The ice leaves the lake in late April or
"The co-ordinates given on the map should be noted since these will.be

referred to throughout this paper in locating stations and in deSignating specific
localities thus--([15. 5]. figure 1), the abscissa being given first.
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early May. Thermal stratification begins in May, is well es-
tablished by the end of June, and persists until October. The
bottom temperature in summer varied between 8 and lO°e.
during the years that observations were made. The maximum
surface temperature was about 24°e.

Oxygen Depletion in the Hypolimnion
During the period of thermal stratification the oxygen

depletion in the hypolimnion is marked, and at the bottom
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FIGURE 2.-oxygen depletion at 150 feet during the summers of the years
1930-1935inclusive. After Corkill.

(150 feet) the dissolved oxygen drops to between one and two
cc./I. in September (figure 2). Coupled with the decrease in
Oxygenis an increase in carbon dioxide which reaches concen-
trations higher than 15 parts per million.

Fishes Associated with the Cisco in Lake Nipissing
The following is an annotated list of some of the species of

fi~htaken in the gill nets during the course of collecting the
ClSCoes.
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Acipenser fulvescens Rafinesque, sturgeon. The sturgeon has
been taken with ciscoes in early spring and late fall.

Coregonus clupeaformis (Mitchill), common whitefish. In
summer the whitefish occurs in association with the cisco
in moderate depths, occasionally found in the hypo-
limnion.

Catostomus commersonii (Lacepede), common sucker. The
sucker is also associated with the cisco in shallow water
in spring, early summer, and autumn.

Esox lucius Linn., pike. Pike are taken along with ciscoes in
the same seasons as are the perch and the pike-perch. At
these times they feed on the ciscoes to such an extent that
it is difficult to obtain good specimens in the smaller size
classes, since the pike either steal them from the nets or
slash them badly.

Perea flavescens (Mitchill), yellow perch. Perch are found
commonly with ciscoes during spring and early summer,
and in the autumn.

Stizostedion vitreum (Mitchill), yellow pike-perch. This species
is taken abundantly with ciscoes in spring and early sum-
mer, and again in the autumn. Large pike-perch feed on
fingerling ciscoes during August, just above the thermo-
cline. In one year, 1932, a few large pike-perch were
taken in the hypolimnion.

Lota maculosa (Le Sueur), ling. The ling is taken frequently
with the ciscoes in the hypolimnion and in the shallow
water in early spring. The cisco forms a considerable
portion of the summer food of the ling.

This does not exhaust the list of species found in lake
Nipissing. It is given merely to provide some idea of the fish
associated with the cisco in this lake.

MATERIAL AND METHODS

Description of the Cisco Found in Lake Nipissing
A summary of certain systematic characters of the lake

Nipissing cisco is given in table 2. These measurements were
made by Professor J. R. Dymond and have been compared

SUMMER MIGRATION OF THE CISCO 15

with his measurements of the ciscoes of lake Nipigon (Dy-
mond, 1926), lake Abitibi (Dymond and Hart, 1927), and
western Canada (Dymond and Pritchard, 1930). They have
also been compared with Pritchard's (1931) measurements for
lake Ontario and with those of Koelz (1929, 1931), of the
ciscoes of the great lakes, and of other lakes of north-eastern
America.

TABLE.2.-Summary of certain characters of lake Nipissing ciscoes expressed
In thousandths of the standard length. '

Females
10 204 69 18 &32 244 164 63 61 285 146 119 97 179 118 174
10 220 70 19 &34 246 163 62 59 275 146 118 94 177 116 168
10 229 70 19 &35 234 162 62 61 288 160 124 94 178 120 173
10 237 70 18 &35 238 157 60 61 290 147 114 96 178 115 170
10 245 69 19 &34 234 157 59 59 279 142 116 92 178 115 169
10 253 69 19 &34 246 166 62 62 293 144 114 96 178 134 175
10 266 68 19 &35 240 159 60 60 285 141 124 95 183 120 174
10 294 70 19 &34 240 164 58 61 282 138 116 94 165 117 173
10 348 70 19 &35 241 166 50 65 281 141 120 90 166 112 169

par~f the subspecie~ of L. arte~i, the ipissing ciscoes com-
h most closely WIth L. artedi wagneri which Koelz (1931)
is:~ndescribed from Tomahawk lake, Wisconsin, but the Nip-

i ig .fish ~row faster and reach a much larger size. The
th P ss.m~ ciscoes also resemble strongly the species Leucich-

ys mp~gon Koelz (cf. Dymond, 1926), differing most in hav-

-;i
<:::
'0
.g

Males
10
10
10
10
10
10
10
10
10
9

Caudal
peduncle

..&::
..&::..&:: ..&::..&:: 1: ~.f 0. 0..0 .~ ~ ]
"0 ~ •.• ~ .~ ..&:: ..&:: :: ] ~
'" 1J •• ='>- >-~~ •..1ll_.B
$ $ >- 0"8 "8 &:: ~ 0 ~ o
•.•.••.•.•~Jjlll III j Q Q';: ~

195 70 19 &34 239 160 62 60 276 143 120 96 177 112 168
209 70 19 &34 239 158 61 60 275 142 114 94 174 114 167
219 68 19 &34 242 162 62 62 277 144 114 95 175 113 172
228 69 19 &33 242 162 63 62 290 139 113 95 180 118 173
236 72 19 &34 241 162 60 61 288 144 117 95 176 116 174
244 .. 18 &332421606060286139111 94 182 118 174
259 67 19 &34 245 164 61 62 302 145 116 95 176 120 178
284 67 19 &35 246 165 60 64 283 137 114 94 185 127 188
315 71 19 &35 238 163 55 62 269 147 113 91 167 114 173
392 74 20 &36 238 167 48 66 276 143 118 87 157 110 168

CI)
0.0'" .,•.. ..
~ ]
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ing a lower gill raker count. Despite this simila~i~y we prefer
not to identify the Nipissing ciscoes with L. n.~~~g?nfor the
present. In view of the resemblance of the Nipissing fish to
both L. artedi wagneri and L. nipigon, it is felt th.a~ the 'pro?-
lern of the relationship of the species artedi and m~gon 1Sstill
an open question.

The variation of the characters of artedi from lake to lake
is so great as to render it impossible at present to make satis-
factory infraspecific identifications. For this reason w.eprefer
to describe the Nipissing form without naming it, hoping th~t
this description, together with an outline of its ecology, wI.ll
allow some future worker to assign it to its proper raxonormc
position.

Method of Sampling
This study was carried out by exploring the lake with

some 200 gill net settings. The mesh of the gill nets ranged
in size from about % to 5 inches stretched mesh. The small-
est mesh was made of milliner's net ordinarily used in trim-
ming women's hats. This net was used succ:ssfully in taki~g
fingerling ciscoes. Hung between two 1U inch meshed g111
nets for protection, it proved to be quite durable and was
fished for three seasons.

The nets were set in various ways--on bottom in the con-
ventional manner, floated at the surface between two buoys,
floated at some point intermediate between bottom and sur-
face, or set obliquely from bottom to surf~ce. When setting
on bottom it was customary to use a senes of 50 yard nets
with mesh ranging from 1U to 5 inches. The surface and
intermediate sets consisted of only one 50 yard net. In the
oblique sets each stratum was fished once by a small, an inter-
mediate, and a large meshed net. Table 3 gives particulars
of the two series most commonly used in bottom fishing. De-
tails of the oblique series are given in appendix l.

TABLE 3.-Yardage of nets used in standard strings set on bottom.
Stretched mesh in inches

I! 2 21- 2! 2t 3 3! 4 4! 5
String 1. . . . . . . . . . . . . . .. 50 50 50 50 50 50 50 50 50 50
String 2 50 .. 50 50 50 .. 50
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FIGURE 3.-Diagram showing method of setting nets obliquely.

Localities Sampled
The accompanying chart shows in black the localities

where fishing was carried on. Sampling was done most inten-
sively at stations selected to cover the range in depth found
in the lake. Where the bottom was uniform over great dis-
tances, a few widely-spaced samples were taken to determine
to what extent the samples at a single station were representa-
tive of the total zone.
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FIGURE 4.-Diagram showing localities sampled by net settings.
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Treatment of Samples
Ciscoes which were taken were weighed and sexed; stom-

ach contents were preserved; and the fish were subjected to
various measurements. The only measurement discussed here
is the standard length in millimetres. This measurement was
taken from the tip of the snout to the end of the vertebral
column and was made on a wooden measuring board.

Several scales, from just below the lateral line, beneath the
anterior margin of the dorsal fin, were taken from each fish
measured after 1930. Four scales were mounted in glycerine-
waterglass." The scales thus mounted were read by the use
of a Leitz projector, and a tracing of the boundaries of the
annuli along the antero-posterior diameter was preserved on
a filing card. The glycerine-waterglass mount has optical
properties that are superior to those of glycerine-gelatine but
the mount is not permanent. The medium crystallizes with
age and becomes opaque, first at the edges, and progressively
towards the centre of the mount. In mounts three years old
considerable encroachment has already taken place.

Scale Reading
There is little that the present writer can add to Van-

Oosten's work on the reading of cisco scales, which has been
followed closely in the handling of the Nipissing material. In
the present study certain "false annuli", particularly in the
first two years of growth, were very marked. Evidence con-
cerning the causes of these accessory checks will be presented
later in the paper.

During the investigation a chance observation which may·
be of some interest was made on the speed with which scales
regenerate. One fish was taken which had a rather severe
wound on the caudal peduncle just behind the anus. It was
barely healed over and the wound still showed red through
the new skin, but new scales, with two circuli laid down, were
already formed.

Scales from fish captured in early spring place the date of
2Six volumes of waterglass to one volume of glycerine.
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the completion of the annulus, or rather of the initiation of
the new season's growth, at some time in May.

The Reliability of Gill Net Catches

Much of the subsequent argument is based on the as-
sumption that there is a strong positive correlation between
the numbers of fish taken by a given gill net fished for a fixed
period of time, and the concentration of fish in a given local-
ity. There would seem to be considerable evidence that such
a correlation exists. Data on the number of fish taken by
fishing equivalent amounts of net in the same locality, simul-
taneously, or on consecutive nights (table 4), show that there
is a fairly good agreement between the pairs of settings.

TABLE 4.-Number of ciscoes taken in comparable fishing effort under similar
circumstances.

Set 1
22
25

105
64

Set 2
24
26
60
49

Evidence such as is given in table 4, while indicating that
the net catches bear some relationship to the number of fish·
in a given locality at a certain time, does not show that the
fish themselves are distributed randomly throughout a given
stratum, either as individuals, or in small freely wandering
schools. However, the surface catches, where a net left out
for long periods was cleared daily, show that in one locality
t?ere is a definite trend in the number taken, which is con-
sistent with the belief that the numbers taken are not due to
erratic movements of large schools (figure 9, p. 30).
. .The results of the oblique series, by their consistency, also
lUdlcate both that numbers taken are proportional to the
numbers present, and that the population exhibits a definite
movement. Since different meshes were fished in different
~trata on the three nights of the series, a certain amount of
l~terest was taken in plotting the results of the first two
;lghts for a given mesh, and predicting the third night's catch
rom these. The predictions were reasonably accurate.
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The correlation between catch and population need not
necessarily be a linear one, and in all likelihood it is not. Gill
net fishing, which requires the fish to come in contact with the
net, must depend on the activity of the fish. !his activity
may vary because of many factors. The analysis of stomach
contents (Langford, 1938)shows, for example, that when food
is scarce the fish apparently are more active in seeking it.
This condition would probably increase the number of fish
taken, relative to the number present. Temperature probably
also influences activity, but no evidence of this is available.
Further, fish apparently avoid gill nets under certain circum-
stances. The following example (table 5) shows that they
may do so in daylight.

In the daytime no small fish were taken. Medium and
large fish were taken in the bottom stratum in numbers com-
parable to those taken at night. In the 15 to 20 foot stratum
a few medium and large fishwere taken and a single large fish
was taken at the surface. This evidence would indicate, un-
less of course fish leave the locality in the daytime, that the
fish avoid the nets in water down to 30 feet in the light, and
even below this depth if the mesh is close, as it is in a 1~ inch
mesh.

TABLE5.-Relation of light to the capture of ciscoes by gill nets.

on the length of the fishing period has been employed to cor-
rect the inequality."

Due to the selectivity of gill nets (for a review of the litera-
ture and data on L. artedi see Hile, 1936; see also Tester
1935), changes in size composition also affect the relative
number of fish taken by a standard graded series of gill nets
due to the difference in the efficiencyof each net for each size
class. The effect of size composition has also been disregarded
in the present discussion because of its complexity.

VERTICAL DISTRIBUTION FROM MAY TO OCTOBER

Introduction
In 1934 and 1935 the summer movements of the cisco

population were followed in some detail. This migration con-
sists of a progressive movement of the population from shal-
lower to deeper water during the months of May, June, and
July. In August most of the ciscoes are concentrated in the
restricted hypolimnion. In late summer they 'pass upward
through the thermocline and reappear in shallow water.

Depth Number taken of the lengths indicated

2Ocm. 25 cm.
Feet and less 20-25 em. and greater

0-15, _......... 2 34 20 night
0 0 1 day

15-30.......... 7 32 12 night
0 6 1 day

I934 Catches
In 1934 settings were made from the beginning of May

w~en the lake was still largely covered with ice, until the
mlddle.of September. In this fishing, bottom, surface, or in-
termediate, nets (see p. 16) were set at the stations whose
positions are plotted on the accompanying maps (figures 5
and 6). These stations were considered to be representative
of the range of depths found in the lake except for the large
area of shallow water at the western end which is less than 15
feet deep.
abo STATIONI.-The channel at the head of the French river. A setting in
~t 7~ feet of water was made here on May 2; this location was chosen mainly

use It was part of the small area free of ice at that time.
'ust STATION2.-About a quarter of a mile to the north and east of station 1
¥h bouth of the e.astern Blueberry island, is an area of water about 45 feet deep:
ial e dottom here IS somewhat of the nature of a triangular terrace rising to the
~ s on the north and sloping steeply to the deep water on the other sides.

CU 3Hile (personal. communication) states: "We have found that abundance(a:ves computed WIthout any reference to fishing time are fully reliable and are
SUpenor to curves computed from the 'catch per net per night'." ,

30-bottom. . . . . . 4 28 16 nighto 19 15 day

Again when some fish are enmeshed others may avoid the
net. Hile (1935) has shown that in commercial fishing, much
higher returns can be obtained from clearing nets at short
intervals of time. Here, however, this factor has been ne-
glected in comparing catches where the time for which the
nets were fishing differs. In these cases a simple ratio based



22 SUMMER MIGRATION OF THE CISCO

STATION3.-About half way between the Blueberry and <;;ooseislands, this
station was chosen as being typical of the open water of the main lake; the depth
here is about 45 feet.

STATION4.- This is a rather restricted area of water, one of the three known
"deep holes", 150 feet deep, just where the open lake joins the source of the French
river.

Contours In feer scale °LI __ -l.T __ .JT miles

FIGURE5.-Map of the area of lake Nipissing fished in 1934.

STATION5.-When the catch fell off at station 3, a net was set about one-
third of the way from that place towards station 4 to make certain that the fish
had left the shallow water. .

STATION6.-East of the Blueberry islands just at the edge of the deep water
where the bottom slopes suddenly from 45 to 90 feet.

STATION7.-Just south of station 2 and west of station 4, in water 90 to 100
feet deep. This location was chosen because of its proximity to the thermocline
which at that time was between 105 and 115 feet.
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TABLE 6.-Vertical distribution of ciscoes taken in 1934.

Depth in
feet May June July August September

0-15

15-30

1'-...•
""" 10

J., M <0 """
CD~ ~ M ~ """

>. ...• ~ M """ 1'- 00 ...•
>. >. cu >. >. !oil bQ
oS oS oS e· d, c:i. c:i. c:i. c:i.
::s ::s ::s :3 :; :; :3 :3

< -e cu Jl Jl cu Jl-. -. -. rFJ rFJ
30-45 7 6 64 100 154 29 10 7 22 10 24 6 8

""" 1'-

!oil !oil
:3 :3

45-60 < <
19 8

M 0
M>. !oil

oS::s :3
<60-75 4 25

75-90

~ 10...• ...•
c:i. c:i.
cu Jl

90-105
rFJ
20 41

105-120 Thermocline

...•...•
c:i.

120-135
Jl

- 650

0 M
<0 0 <0...• ....

>. cu
...• ...•

oS c: !oil c:i. c:i.
::s :3 :3

~5-150 -. < Jl Jl
1 2 377 110 46

The 1934 catches are recorded in table 6. It may be seen
that just after the break-up of the ice very few ciscoes were
t k .a en. m anyone catch. In late May and early June the
catch m 45 foot water increased, while there were still but few
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fish caught in the very deep water. This concentration at 45
feet continued to increase until a peak was reached during the
middle of July. After this time there was a rapid falling off
in the number caught at this depth, and an increase in the

(

I

o.

r
(

, I
" -rrank "s ,

, bQ)' /6

I ./

" ~, ,.,

10--------1 m,\e------oj. 1

contours In Fee t

FIGURE6.-Sketch map of the region at the head of the French river.

number taken in the cold water below the thermocline. The
fish remained in the hypolimnion throughout August and into
the beginning of September. During September the catches
in shallow water increased slightly, this increase continuing
and becoming most marked in the last catch, taken on Sep-
tember 15 just above the thermocline.

The deep water catches in September show a very striking
stratification of fish. A net set on the bottom on September
10 in 150 feet, gave a catch equivalent to 110 fish in string II.
This number is about half that which was taken at the same
place in the middle of August, in spite of the fact that the ther-
mocline had descended from 75 to 105 feet, thus decreasing
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the volume of the hypolimnion. At the same time the catches
in shallow water had not increased greatly and consequently
one would have expected a great increase in the number taken
in the hypolimnion. However, the same net set 18 feet from
the bottom on the following night, directly above the position
of the previous night's setting, caught the equivalent of 650
fish. This great concentration was confined to the upper
waters of the hypolimnion, for on the night of September 12,
the net was set on bottom in a depth of from 90 to 100 feet,
which was just above the thermocline, the locality being
sounded and buoyed so that the position of the net could be
determined rather precisely. In this location, just a few hun-
dred yards west of the position of the previous settings in the
hypolimnion, the equivalent of only 20 fish was taken.'

1935 Catches

It has been pointed out that the 1934 series lacked samples
from water less than 45 feet deep. It was inferred that the
increase in the number of fish taken at 45 feet during June and
July resulted from the evacuation of the area of shallower
water. In May, 1935, considerable numbers of fish were taken
in West bay ([11, 6] and [12, 7], figure 1, opposite p. 10)
where the water is only 15 feet deep. In this and other
localities where the water is the same in depth, a cisco is a
rarity in August.

By the end of May, 1935, considerable information about
the extent and nature of the movements of the population had
been obtained, but it was largely limited to the interpretation
o.fthe results from gill nets set on the bottom. True, a con-
Siderable number of surface sets had been made, and also
occasionally a net had been floated up from the bottom to an

4In these catches only one 50 yard net of 2X inch mesh was used and to
~Ichulate the equivalent to string II the number of fish captured was c~mpared
o t ~,same number caught in the same net in the catch of string II made under

ConditIOnsmost closely approximating those under which the net in question
;,as lset, The figure for the population has been taken as that proportion of the
ota catch of stnng II as IS represented by the ratio

catch of net set
catch of the same net in string II



"intermediate" position, but the laboriousness of these
methods made impossible an extensive vertical sampling of the
water over anyone locality. In June, 1935, the problem was
attacked by the use of "oblique" nets (see p. 17). A set of this
type allows a vertical sample to be taken of the fish at a given
locality. Series of this nature were taken at two stations, a
shallow water series at station 3, and a deep water series at
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SHALLOW WATER

On this date, July 10, the fish taken were distributed almost
uniformly from the surface to the bottom. At this time the
mayflies were emerging and the fish were feeding largely upon
these at the surface. This surface feeding apparently influ-
ences their distribution. In the August 12 series no ciscoes
were taken in the shallow water. For the sake of complete-
ness, the result of a bottom set lifted on September 22, is also
shown in figure 7. On this date six fish were taken in 50 yards
of 2U inch mesh.

The collections resulting from deep water sampling at
station 4, consisting of seven complete series and one partial
one, give a more complete picture.

The first fishing was done here between June 10 and 13.
At this time there were few fish in this vicinity and practically
all of these were taken at depths of less than 75 feet. By June
20 there had been some increase in the population, principally
between 45 and 60 feet, and some fishwere taken in the deeper
strata. The next series, taken July 3 to 6, showed no gain in
the numbers of fish taken, but there had been a further down-
ward shift in the population.

Between the sixth and the seventeenth of July there
was a great influx of fish to the vicinity of station 4. The num-
ber taken on July 17 was so great that the setting of the series
of nets could not be completed. While there were more fish
taken in every stratum, the greatest increase was at depths of
between 60 and 75 feet. A week later, July 23, fishing was
resumed with shorter yardage of net and there was a further
increase in the relative number of fish captured. At this time
most fish were taken at depths of between 75 and 105 feet.
From 105 to 150 feet the fish were almost uniformly distri-
buted but in much greater numbers than before. The August
15 to 20 series shows a still further downward movement of
~he population. More fish were taken over this period than
In the previous series, but this increase is probably due to a
greater concentration of the fish already below the thermo-
cline, in the lesser volumes of the bottom strata, rather than
to a further ingress of fish from shallow water.

The first series in September, taken from September 4 to 9,

i§ I I !~
June13 July 10 Aug.12 Sept.22

.cote ~fl$h

DEEP WATER

~

g, , • 1_

~, , I , \0
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FIGURE 7.-Vertical distribution of ciscoes taken in oblique series in 1935.

o Thermocline SCOhl ~f,sh

station 4 (p. 22). The results of this fishing are given in tables
7 and 8, appendix 1, and are illustrated in the accompanying
graph (figure 7).

Since station 3 had been sampled fairly intensively in 1934,
only three series were carried out here on critical dates. An
early sample was taken on June 13, in which the fish were
found to be concentrated in the lower fifteen feet. The next
series shows quite a different picture of vertical distribution.
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shows an upward shift of the population which has resulted
in a distribution comparable to that found on September 10,
11, and 12,1934 (pp. 24-5). The last series of the year was taken
over the period from September 18 to 21. By this time the
catch had decreased considerably in the lower strata and in-
creased in the upper layers, indicating that the migration from
the hypolimnion was at this time well under way.

CAUSAL AGENTS OF THE SUMMER MIGRATION

At no time during the six seasons were large numbers of
ciscoes taken in water that had been long above 20°C. This
may be seen by reference to figure 8 which summarizes the
results of bottom fishing from 1929 to 1935. Twice during
that period large catches were taken in water at about 20°C.
(J uly 25, 1930, and July 16, 1934), but in these instances that
temperature had just been reached. Further, in 1934 and
1935, when the movements were followed more closely, it was
found that the fish left the shallow water quite suddenly after
the temperature rose to 20°C. Within a week, the catch
dropped off from 154 to 29 per unit effort, during 1934, and in
1935 the population moved into deep water with a similar
suddenness. The catches taken by oblique series are not
shown in figure 8; for these data, figure 7 must be consulted.

Evasion of water above this apparently critical temper-
ature will not completely explain all movements from shallow
to deeper water. It would seem likely that, when temperature
conditions are not unfavourable, the presence of the ciscoes
at the surface is influenced by the abundance of mayfly erner-
gents on which they gorge themselves during June and July.
The effect of mayflies on the vertical movement of ciscoes is
strongly indicated by the nature of the catch of July 10, 1935,
where the mode of distribution was at the surface at a time
when the mayflies were emerging (figure 7).

A further instance of the effects of mayfly emergence is
seen in the surface series taken in 1932 and 1933. These two
series represent contrasting conditions in the surface temper-
ature and with it the temperature of the upper strata in gen-
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era!. The numbers taken in these series are shown in figure 9.
On the same figure are plotted the temperatures at the surface
and at a depth of 30 feet. The 30 foot temperature is given as
perhaps a better indication of any upper limit to temperature

June Jull,j AU9. Sept.

29

Auq. Sepr. May June Jul~ Aug. S~pt.

FIGURE 8.-Numbers of ciscoes taken in gill nets plotted in relation to season
depth, and temperature. Temperatures from Corkill. '
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conditions affecting the presence of the ciscoes in the surface
nets, since the fish are not necessarily limited in their move-
ments to the immediate surface layer.

In 1933 the temperature at 30 feet reached 20°C. about
July 10, and at this time there was also a precipitous drop in
the surface catch of ciscoes. In 1932, on the other hand, the
upper waters were considerably cooler in the early summer
and the temperature at 30 feet did not reach 20°C. until the
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FIGURE 9.-Numbers of ciscoes taken in surface nets in 1932 and 1933.

beginning of August. In this season the catch of the surface
net rose gradually to a maximum about the middle of July,
and fell again by the third week of that month. No records
were kept of the period of emergence in 1932, but Ide (1930)
reported that the imagoes of the two species of Hexagenia,
H. rigida and H. limbata occulata, which are the common ones
in lake Nipissing, emerged from July 6 to 25 in 1929, in the
locality where the surface net was set.
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Even before their emergence, mayflies form a portion of
the ciscoes' food but they seem to be taken only in late nym-
phal instars, presumably due to some change in the insect's
activity in those stages. Fish taken in early May in West bay
([11, 6], figure 1, opposite p. 10), where the water is only 15
feet deep, were found to be feeding on mayfly nymphs in fair
numbers. Fish taken in deeper water (45 feet) at the same
time, had only small quantities of plankton crustacea in their
stomachs. At this date the concentration of fish was the
greater in 15 foot water. It seems very probable that the
availability of this important article of diet governs, to a large
extent! the distribution of the cisco population in the spring.
Mayflies maJ:' become available later in the deeper water,
and the fish, If feeding on them, would tend to move from
shallower to deeper water in early summer.

I t is perhaps only fortuitous that this early movement
brings the ciscoes into the vicinity of the deep water in mid-
July so that they may enter the hypolimnion when the epilim-
nial temperature rises too high. As a matter of fact there is. ,
some evidence that a few fish may be trapped in a minor de-
pressi.on in. the west arm of the lake (figure 1, opposite p.10).
!n thIS region there are two depressions, one fairly extensive
In area [3, 5], with a depth of about 30 feet, the other some-
what deeper (45 feet) in the restricted channel in which the
lake terminates to the west [1,6]. On July 16, 1930, a few fish
were taken in the ten yard water at [3, 5]. On August 24,1932,
a large cisco in a dying condition was taken from a gull over
the deeper water at [1, 6]. This fish must have gone into this
deeper w~ter and have been forced out by stagnation or by
the scounng out of the cold water by a seiche. The following
year on August 17, 1933, nets were set on bottom in this lo-
cality but no fish were caught.

Once the fish have passed into cooler water they seem to
be r~strained from leaving it by the sharp rising temperature
gradIent of the thermocline. In late summer the fish retreat
before a descending thermocline, although the temperature ofth T .e.epr rrnmon has dropped below the upper limit of tolerance
whIch the fish displayed earlier in the summer.
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In spite of the fact that the thermocline appears to be such
a barrier, the fish do pierce it eventually and leave the hypo-
limnion some time before the fall turnover. During early
September in 1934 and 1935, fish left the bottom water and
were concentrated just below the thermocline. This is seen
particularly clearly in the "oblique" series of September 4 to
9, 1935 (figure 7, p. 26). This upward movement is cor-
related with a decrease in the oxygen coupled with an in-
crease in carbon dioxide near the bottom in the hypolimnion.

The precise time at which the fish migrate from the hypo-
limnion would seem to be governed by a balance of forces
acting on the ciscoes. Below, unfavourable concentrations of
dissolved gases urge them upward. Above, a steep tempera-
ture gradient blocks their way. Their salvation lies in being
able to stay within the frying-pan until the fire has died away
to embers.

HORIZONTAL DISTRIBUTION

An idea of the horizontal distribution of the ciscoesin lake
Nipissing may be inferred from a knowledge of their vertical
distribution, and of the relief of the lake's basin. This infer-
ence must be drawn with reservations, for various reasons.
In the first place, the fish present in a given stratum of water
are not randomly distributed throughout the whole lateral
extent of that stratum. On the contrary, their distribution
is influenced by the relation of that stratum to the bottom.
For instance, in the deep and shallow water series during the
middle of June, 1935, 59 fish were taken between 30 and 45
feet in water 45 feet deep, while only 14 were taken in the
same stratum at station 4, over water 150feet deep. Conver-
sely, later in the summer, fish were taken in the upper waters
over station 4, while none was taken at the shallow water
station.

For these reasons no precise indication of the lateral dis-
tribution of the fish has been attempted. Figure 10 shows, in
a general way, the probable areas populated by the ciscoes at
different times of the year. In May and early June the fish
wander over most of the lake. By July they have become
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concentrated in something like a third of the area, and are
mainly in the eastern section. There are two localities in the
western end where the water is of moderate depth ([3, 5] and
[1,6],figure1, opposite p.lO), where ciscoesare known to occur
in July. There is also a small basin over 30 feet deep in Cal-

£.orly July

FIGURE 1O.-Seasonal changes in the horizontal distribution of ciscoes in iake
Nipissing.

lender bay [25,5], at the eastern end of the lake, which has not
been sampled.

In August practically all the fish have descended below
60 feet. This movement results in a tremendous concentra-
tion in the region shown in black in the lower panel. The
Whereaboutsof the fish which withdrew in July into the more
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moderate depressions is problematical; it is possible that in
some years at least they are destroyed by the warming of the
water.

SUMMER DISTRIBUTION IN OTHER LAKES

Reports of the movements of L. artedi in other lakes indi-
cate considerable diversity of behaviour. Speaking of the
southern Wisconsin lakes, Cahn (1927) says:

It has been said that the cisco is a bottom inhabitant and that it must be
regarded as a deep water fish. During that part of the season when the
oxygen conditions permit, Leucichthys artedi remains normally in deep
water, spending most of its time within a metre or two of the bottom. This
fact has been demonstrated again and again, year after year, by the use of
gill nets set at different depths ..•. However, with the formation of the
thermocline and the accompanying increase in the area of water deficient
in oxygen, the cisco is forced to leave the bottom waters of the deeper parts
of the lakes and assume a position even higher in the vertical scale. As the
thermocline climbs upward the cisco comes up with it and assumes a posi-
tion in relation to the thermocline that may be described as directly above
it. Therefore if one takes the temperature of the water at different depths
and thus obtains a fairly accurate idea of the location of the thermocline,
one can set gill net just at this depth and catch ciscoes all summer. This
was discovered in 1916 when the writer wanted the fish for an examination
of the summer food. Nets were set in the deep water where the fish were
caught in abundance the previous winter, and caught nothing. After re-
peated failures a series of eight nets was set, one above the other. The net
which was at ten metres yielded eleven ciscoes, the one at nine yielded none,
and the one at eleven yielded two in the upper foot of mesh; none were
caught in any other net. An analysis of the water at this time showed that
the thermocline stood at eleven metres. This idea has been followed ever
since and has always yielded fish. I have set forty-three nets below the
thermocline in nine different lakes and have never in a single instance
caught a cisco. .

Koelz (1929) has collected a great number of catch records
and much general information from fishermen on the great
lakes. In general, the fish are taken in shallow water until
June and to a certain extent in July, and in deeper water in
August." They return to the shallower parts again in autumn.

5In all state of Michigan fisheries in great lakes waters, November is the
month of maximum production of herring. In some waters (lake Superior,
Saginaw bay) as much as 70-75 per cent. of annual catch is taken in the fall fishery
(October through December). A secondary peak of production Occurs in May
and June. In most fisheries, the summer production of herring is relatively
unimportant. The extreme condition is found in Saginaw bay, where in the
two years, 1934-1935, the three months, July, August, and September, accounted
for onlyone-half of one per cent. of the total catch of herring (Hile, personal
communication).
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There is some evidence that in lake Superior the fish never
leave the shallow water. Koelz correlates this with extremely
low surface temperature of that lake (Max. found by him
16.3°C.). In some years good catches of ciscoes have been
taken by pound net fishermen in lake Erie throughout the
summer. This Koelz also attributes to cool surface waters in
those particular years. It is also interesting to note that when
the cisco fishery of lake Erie had declined, better catches were
made by floating nets up some distance from the bottom.
This concentration of ciscoes at an intermediate level would
indicate a vertical distribution like that in Nipissing (figure 7,
p. 26), where there is usually a greater number of fish swim-
ming some distance up from the bottom over the deeper water
than there is at bottom.

Scott (1931) reported on the distribution of ciscoes in
some Indiana lakes and he records the following peculiar
behaviour:

Early in September, usually between the first and the tenth, the "cisco"
•.. come to the surface of Snow Lake, struggle as if in discomfort, and
then disappear. They have been described by local observers as "gasping
for breath". When they begin to appear a maximum is soon reached, after
which the number at the surface is rapidly reduced. The maximum rarely
lasts more than a day and the whole phenomenon is over in less than a week.
This has been observed on Snow Lake for at least thirty years. It occurs
occasionally on the third basin of James Lake.

They have been examined repeatedly for parasites without success.
I suspected that the disappearance of the oxygen from the hypo-

limnion might be the cause.

He goes on to explain that he believes that these fish are
trapped by an oxygen "notch" developing at the thermocline
until they become asphyxiated and float up through it after
they have lost control of their hydrostatic apparatus.

Scott, in collaboration with Hile, found ciscoes living under
very unusual temperature conditions in the epilimnion of In-
dian Village lake and the latter suggests (Hile, 1931) that these
fish may constitute a distinct race.
. Hile (1936) discusses the vertical distribution of the cisco
In Trout, Muskellunge, Silver, and Clear lakes, all in the
north-eastern highlands, Wisconsin. He gave particular at-
t~ntion to the question of the relationship between the vertical
dIstribution of the cisco and the temperature and the oxygen
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concentration in the different lakes. Several extracts from
Hile's report (pp. 258 et. seq.) follow:

... in Trout Lake in middle and late summer there lies below the depth
of 10 or 12 meters a large body of cold water with a good supply of oxygen.
It is in this region that the cisco lives during this season of the year, ...

It is in Muskellunge Lake that the late-summer habitat shows the III:0st
marked restriction to a limited stratum ... (ciscoes) were not plentiful
in depths less than 9 meters and were absent in the deeper portion of the
hypolimnion. [Aug. 27-29, 1930] ...

The results of the rather extensive fishing of the 1932 collecting season
... give the most complete information concerning the vertical distri-
bution of the cisco in Muskellunge Lake ... as a result of .•. deficiency
of oxygen in the deeper strata theciscoes are forced out of the cooler strata
and by reason of their preference for cool water and their need of oxygen
become concentrated in that stratum of water that has the lowest tem-
perature available and yet contains sufficient oxygen to support life..••

The Silver Lake cisco agrees with the Muskellunge Lake cisco in show-
ing a rather sharply delimited vertical distribution .... Thus in late sum-
mer the Silver Lake cisco is confined to a narrow stratum in the upper part
of the hypolimnion and the lower part of the thermocline .•••

The field records of lifts of ciscoes in Clear Lake indicate that in this
lake the cisco occurs in all parts of the hypolimnion from midsummer to
early autumn ... at this time of the year there is in Clear Lake a plen-
tiful supply of oxygen at all depths.

Apparently conditions in lake Nipissing are somewhat
intermediate between those existing in lakes where there is a
rapid depletion of oxygen in the hypolimnion and those exist-
ing in the great lakes. In the former lakes the whole summer
migration is probably slurred over by the rapid stagnation of
the hypolimnion. In the great lakes, on the other hand, the
temperature of the upper strata may never rise above the
limits of tolerance exhibited by this species, and the migration
may never take place.

THE RELATION OF AGE TO VERTICAL DISTRIBUTION

In the 1934 series at station 3 (figure 5, p. 22) it was found
that the average size of the fish taken in shallow water during
May, June, and July diminished progressively in spite of the
fact that this was the growing season. Figure 11 shows that
this was due to changes in the age composition of the fish in
this vicinity. In the earliest catch (May 15-17) the age fre-
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quency distribution was bimodal with IV-group and VII-
group fish predominating. In the next catch, a month later,
the older fish had largely disappeared and the curve was uni-
modal with the mode at group IV. The remaining panels
indicate a further lowering of the average age to a minimum

An:'eniug~ rrequency c/togromor lhe
oge compositon oF sha//ovy woler

C'clche.s Moy .15 -17

Jv~ .16 -.17

Jv1f 20 -24-

Auguei

JI.6;rr •• az A9.

FIGURE ll.-Changes in age composition in catches taken at station 3, 1935.
The total number of individuals in the samples analysed in this figure
are given in table 6, p. 23.

in August. I t will be noted that a few old fish reappeared in
the August samples. Catches taken in deep water on July 14
and July 28, 1932, also showed that the larger (older) ciscoes
~ntered the deep water earlier than did the smaller (younger)

sh (figure 12).
When the ciscoes are leaving the hypolimnion it is the
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younger fish which leave first. Catches above and below the
thermocline at the end of the summer in 1933 and 1934 illus-
trate this fact (figure 13).

The 1934 catches were taken when the upward migration
was under way and the probability is very great that the fish
taken above the thermocline had but recently left the hypo-
limnion. The fish of the sample taken above the thermocline

o,..

I/)

J"uly 28

20 24 2.8 32. 36 40 ems.
StQndctrd length

FIGURE 12.-Changes in length composition in catches of ciscoes taken on the
bottom at station 4, 1932.

had a much lower average age than those of the one taken
below. The 1933 figures show another aspect of the same
phenomenon. The results in this year show the earlier disap-
pearance of the smaller (younger) fish from the deep station
and its immediate vicinity. The upper polygon gives the
length frequency composition of a catch taken at station 4 in
the middle of the summer. This curve is bimodal with peaks
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at 22 and 26 ern. The lower panel shows the size composition
of two catches, one at station 4 and the other at station 6
(figure 6, p. 24). These samples were taken later in the
season than those of 1934 and represent the last of the
upward migration. For that reason there is no difference in
their size composition. These samples show a unimodal dis-
tribution representing largely the upper range of the fish taken.
on July 25.

The vertical series of 1935give the most connected picture
of the different behaviour of fish of different ages. Since the

1933
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FIGURE 13.-Seasonal changes in the length and age composition in ciscoes taken
on the bottom, station 4 and vicinity, 1933 and 1934.

number of fish taken was so large (between 5,000 and 6,000
specimens) they will be discussed according to size instead of
age groups. The results of the major portion of this fishing
are given in tables 7 and 8.

Figure 14 illustrates the vertical distribution with respect
to size of the fish taken in the shallow water series at station 3
(p, 22). The fish have been grouped into three arbitrary size
classes: smaller than 20 cm., from 20-25 cm., and longer than
25 ern. These groups will subsequently be referred to as
"small", "medium", and "large" fish.






















































