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DIURNAL A D SEASONAL CHANGES IN THE DIS-
TRIBUTION OF THE LIMNETIC CRUSTACEA OF

LAKE IPISSI G, 0 TARIO

ABSTRACT

An investigation of the limnetic crustacea of lake Nipissing was made in
1934 and 1935. The following species were obtained in sufficient abundance to
determine their distribution.

Cladocera
Daphnia longispina (Muller)
Holopedium gibberum (Zaddach)

Copepoda
Epischura lacustris (Forbes)
Diaptomus oregonensis (Lilljeborg)
Diaptomus minutus (Lilljeborg)
Limnocalanus macrurus (Sars)
Cyclops group.

The horizontal variation in numbers of each of these groups of organisms
was determined. Some, notably Daphnia and Epischura, were found to be nearly
uniformly distributed. Others, the Diaptomus and Cyclops populations, were
definitely "bunched" in that they showed marked variations in abundance
laterally. These variations necessitated a modification of the treatment of the
discussion of seasonal changes in abundance.

The diurnal changes in vertical distribution during the twenty-four hour
cycle were analysed. This was necessary to interpret changes in such distribu-
tion resulting from differences in absolute light intensity at the time of sampling
on the different dates during the season. The movements resulting in the diurnal
differences in distribution were correlated with changes in light intensity. There
were also specific differences in response to changing environmental conditions,
a!ld the type and extent of the diurnal migration of anyone species differed at
different periods during the season.

The seasonal changes in the vertical distribution of individual species were
analysed and a determination of the factors responsible for those changes was
~de. Field observations and experimental evidence showed that the factors of
light, temperature, oxygen, and carbon dioxide were important in determining
these changes in vertical distribution. The reaction of the limnetic crustacea to
~he above-mentioned factors was modified by age, sex, and specific differences of
individuals.

In the case of immature Diaptomus oregonensis, individuals were found con-
C!,!ntratednear bottom in the deepest water of the lake in June. This concentra-
tion moved progressively higher in the hypolimnion, correlated with oxygen
~epletion and the increased carbon-dioxide content of these strata in July and
. ugust. Experimental evidence was obtained indicating the extent of change
in the content of each of these gases separately, causing comparable avoidance
reactions in populations of Cyclops and Daphnia.
. . The seasonal changes in the abundance of the different species of Copepoda
indicate that the population undergoes two complete reproductive cycles and
the production of a third brood of nauplii between April and mid-September.

11



12 THE LIMNETIC CRUSTACEA OF LAKE NIPISSING

INTRODUCTION
The plankton crustacea are in a large measure responsible

for the transference to the higher organisms, of the food ma-
terials synthesized by phytoplankton. The present investiga-
tion in lake Nipissing has been directed towards a clearer
understanding of the distribution of these intermediate links
in the chain.

The point of attack has been through a quantitative
analysis of the distribution of the individual species of plank-
ton crustacea wherever practicable. The causal factors de-
termining the abundance at anyone place have been sought
through an analysis of the environmental factors responsible
for diurnal and seasonal changes in distribution.

ACKNOWLEDGEMENTS
During the course of the limnological investigation of lake

Nipissing carried out during the period from 1928 to 1935
inclusive, by the Ontario Fisheries Research Laboratory, a
large body of physical, chemical, and ichthyological data perti-
nent to the plankton investigation has been obtained. The
free use of these data afforded the author, has proved of in-
estimable value in the advancement of the investigation.

The investigation was made possible by the co-operation
of the various members of the Fisheries Laboratory, to whom
I take this opportunity of offering thanks. To Professor W.
J. K. Harkness, Director of the Laboratory, are due special
thanks for his kind assistance and advice, and for his support
throughout the period of the investigation.

I wish also to acknowledge the kindness of Drs. Birge and
Juday, of the University of Wisconsin, in allowing me the
privilege of an extended visit to their limnological laboratory
during the summer of 1933. The adoption of methods and
technique in use there was a direct result of their generosity in
giving of the wealth of their experience.

The physical and chemical data discussed throughout this
paper have been taken from the original data obtained by
Dr. G. H. W. Lucas and Dr. J. M. B. Corkill, and from Dr.
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THE LIMNETIC CRUSTACEA OF LAKE NIPISSING 13

Corkill's manuscript, which will be published in the near
future in the Biological Series of the University of Toronto
Studies.

GEOLOGY OF LAKE N IPISSING

Lake ipissing, Lat. 46 . Long. 79 W., has an area of 345
square miles, and lies at an elevation of 640 feet (Barlow,
1907). During the early period of lake Algonquin, the area
occupied by the present lake Nipissing was covered by a re-
treating lobe of the Labrador ice sheet which blocked all out-
lets for the lake to the north-east. The final retreat of the ice
from this region opened a new outlet lower than the St. Clair
river, previously in use, and the Nipissing Great Lakes which
resulted drained through lake Nipissing and the Mattawa
valley to the Ottawa river. As a result of the continued retreat
of the ice, the rise of the land in this area and to the north-east
finally turned all the water southwards through the St. Clair
river. The North Bay channel dried up and the present lake
came into existence, draining through the French river to
Georgian bay (Coleman, 1922).

The present lake lies in an area of Precambrian rock,
covered in large areas by glacial deposits of sands and clays.
Several small streams and three rivers of considerable size
drain the surrounding area to the lake.

MORPHOMETRY OF LAKE NIPISSING

The lake is long and narrow, the long axis extending some
50 miles from east to west. The width averages approximately
12 miles, and few relatively small islands break the broad
expanse of open water. Prevailing westerly winds result in
severe wave action in the unprotected areas.

In general the lake is rather shallow. The map (figure 1),
Showing the depth contours at intervals of 15 feet, indicates
that over the major area of the lake the maximum depth is 45
feet. The proportions of the different 15 foot depth zones,
together with the percentage of the area within each contour,
are given in the following table.
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TABLE I.-The surface area of lake Nipissing divided by 15 foot contours.

Stratum

68
34
12
1.8
0.46
0.27
0.09
0.00

FIGURE 2.-Region of lake Nipissing, including stations I and II.

Percentage of total
area

Percentage of area
within each contour

feet
0-15

15-30
30-45
45-60
60-75

75-105
105-150

Below 150

32
34
22
10.2
1.34
0.19
0.18
0.09

Two-thirds of the area of the lake is less than 30 feet in
depth, and only a half of one per cent. is deeper than 75 feet.

This restricted area of deep water has been found to be of
extreme importance in the biology of the lake, and has, there-
fore, been drawn on a much larger scale in figure 2. Reference
points are given as in figure 1. Near the south shore there
exists a valley-like depression leading towards the source
of the French river. It is in this region, and at the source
of the river itself, that the only water over 75 feet in depth
has been found in the lake. A still greater enlargement of
the deep water area just to the east of Frank's bay is given in
figure 3. It is clear that organisms limited to depths below
60 feet would be restricted to this region of the lake, and
migrants to the deepest of this area would tend to become
greatly concentrated.

PHYSICAL AND CHEMICAL CONDITIO S IN THE LAKE

The results of the extensive physical and chemical study
of the waters of the lake, from 1929 to 1934 inclusive, are to
be published by Dr. Corkill. Some general statements perti-
nent to the problem at hand may, however, be made here to
provide a background for the discussion which follows.

The lake is usually free from ice by the end of April, and
spring warming is quite rapid. The extensive area of shallow
water which is exposed to wind action, becomes warm, and
is well oxygenated throughout all strata during the summer.

o.

6b,/ I

--<it, _ _ I

shool o "";"6' -...., I
B'ueberr~ ,,~ "J2.~, , \ /cp~I.Qn" / ,/ /}~O ~) /Cd- / <, St I /,/,/

111/ /: c.. ,:~",
1
1
" . l"150~// »:": .

60,. I 1'0 / ,/ \<: __ " / \
_-' ,'~ 75/

- -60 - - - - - - - - - - 60 '
___ -60- - - - -

,.
"

r

I. 1. "".Ie----__+~'1
contours In feet

FIGURE 3.-Region of station I. lake Nipissing.
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The more protected deep area becomes stratified in early
summer and the hypolimnion remains comparatively cold
throughout the season.

The character of the thermocline varies from year to year.
Ix: most years it is depressed to within 45 feet of bottom by
mid-September. Oxygen depletion and a corresponding in-
crease in carbon-dioxide content occur in the lower strata of
this restricted hypolimnion; bottom water (3 feet above mud)
usually having only 1-2 cc. of oxygen per litre and 12-14 p.p.m.
of carbon dioxide by mid-September.

The lake may then be divided into two quite different
areas with respect to physical and chemical conditions. The
major portion of the lake (88 per cent.) of less than 45 feet in
depth is warmed and remains well oxygenated at all depths
throughout the summer season. The very restricted area of
deep water which is thermally stratified, remains cold through-
out the summer, but loses much of its dissolved oxygen and
becomes highly saturated with carbon dioxide resulting from
respiration and decomposition.

ApPARATUS AND METHODS OF COLLECTION

Wh~n the plankton investigation was begun in July, 1932,
the :=tvalla~leapparatus consisted of small closing nets of No.
20 silk bolting cloth patterned after the small net described by
Juday. (1916, .p. 569). l.t was realized that this type of
sampling was Inaccurate, In that the whole column of water
above the net is not strained during a haul. The efficiency
fac.tors of similar nets used by workers have been compared
(RIcker, 1932) and a great diversity of values was found. It
appears that when long hauls are taken to determine a net's
efficiency, the value obtained is very much lower than when
such a test is made by short hauls. This is especially true
when large numbers of algae are present in the water (Birge,
189~, p. 284). There must, then, be large differences in the
e!ficlency of a net in taking stage hauls in different concentra-
tions of a plankton population, or in different populations.

THE LIMNETIC CRUSTACEA OF LAKE NIPISSING

As an attempt was being made to study the vertical dis-
tribution of the plankton, it was clear that results obtained
in sampling with a fine meshed tow net were subject to severe
criticism. Since Drs. Birge and Juday had discontinued the
use of the closing net and had designed a plankton trap
(Juday, 1916) and later evolved a continuous centrifuge
(Juday, 1926), it was considered advisable to investigate the
merits of these newer methods. Through the kindness of
Drs. Birge and Juday, the author was enabled to spend the
summer of 1933 at their Trout lake limnological laboratory
and study the methods in use there.

During the season of 1933, a comparison was made be-
tween the plankton trap and the nets used in 1932. These
data are discussed elsewhere (Langford, MS.) but table 2 and
figure 4 show some of the results obtained. The most striking
difference is that of the greatly increased efficiency when
sampling by short hauls. Secondly, a variation in the effi-
ciency of catching particular organisms in certain strata is
noted. This is no doubt due in part to errors in sampling the
very small numbers of the organisms under consideration
(Ricker, 1937a).

TABLE2.-Percentage efficiency of closing net compared to plankton trap,
Trout lake, Wisconsin, 1933.

Depth Diaptomus Cyclops Nauplii Daphnia Mean
Metres Per cent. Per cent. Per cent. Per cent. Per cent.

0 - 2.5 64.0 63.5 55.0 84.5 65.0
2.5- 5 27.3 26.5 36.6 38.5 36.0
5 -10 9.9 8.9 9.2 13.5 10.0

10 -15 15.0 18.3 19.8 13.6 17.0
15 -20 17.0 16.8 9.5 20.3 13.5,!O -29 12.5 8.6 4.8 6.7 11.6

As a result of the above comparison, a plankton trap of 10
litres' capacity was purchased and used for all quantitative
samples in 1934 and 1935. The efficiency of this method of
sampling compared with pump methods is discussed in con-
nection with the trap and net comparisons (loc. cit.).

Light measurements were made at the time of sampling

17
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with a modified "metrophot" photoelectric exposure meter,
calibrated to read in foot candles. Samples were taken so far
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FIGURE 4.-Comparison of the efficiencyof net and trap, Trout lake Wisconsin
1933. "

as it was possible when conditions of light were stable. This
was done in order to avoid changes in distribution while
sampling.

COLLECTIONS

Two stations were selected as representative, respectively,
of the deep and shallow areas of the lake. These stations were
marked by observing the position of salient features of the
shore line. Station I was situated near the south shore three-
quarters of a mile east of Frank's bay (figures 2 and 3).
Depths of 40 and 45 metres were regularly obtained at this
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station. Station II was situated some three and a half miles
from Frank's bay in the direction of the Goose islands
(figure 2). Depths of 10 and 12 metres were found in this
region of open water, which was subject to considerable wind
action.

In 1932 samples were taken with the closing net at bi-
weekly intervals from July till October at both stations. The
stage hauls subject to such variations in the efficiency of the
net have not been included here. The seasonal variation in
numbers, determined from total vertical hauls only, is com-
pared with that for 1934 and 1935, at station I, using an
efficiency factor of 6.6 for the tow net. Absolute abundance
is, therefore, not to be compared, but rather only the relative
changes during the season.

In 1934 trap samples from station I were taken weekly
from May 16 until the end of June, bi-weekly during July, and
weekly until the middle of September. The series of depths
sampled was 0, 3, 5, 8, 10, 15, 20, 25, 30, 35, and 40 metres.
Trap samples were also taken from station II at approxi-
mately bi-weekly intervals from May 19 until the end of
August, the series of depths sampled being 0, 3, 5, 8, 10, and
12 metres.

In 1935 samples were taken with the plankton trap from
station I at weekly intervals from May 18 until September
18. Samples were taken at 1 metre and 45 metres in addition
to the series given for 1934. The value of the 1 metre sample
may be seen from the graphs of many of the organisms, which
show wide differences at depths of ° and 3 metres. Station II
was sampled only irregularly during 1935, and the 1 metre
level was added to this series as well.

It will be noted that plankton samples have been taken at
depths measured in the metric system in order that results
may be easily compared to those of other plankton workers.
It has been necessary to include certain data and maps in-
volving the English system of linear measure. The error is
slight if 1 metre is considered equivalent to 3.3 feet wherever
comparisons are necessary.
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In addition to the routine sampling, certain special samples
were obtained for specific investigations. In 1934 a diurnal
series of samples was obtained at station I; the regular series
of depths being sampled at critical periods during the diurnal
cycle.

In 1935 midnight series, as well as daylight series, were
obtained on the dates on which oblique settings of gill nets were
made for ciscoes. The data from the enumeration of these
are used in comparing the plankton food present at the
different levels with that taken by ciscoes caught in com-
parable strata.

ENUMERATION AND EXPRESSION OF RESULTS

All individuals of each species of the plankton crustacea,
with the exception of nauplius and metanauplius stages, were
enumerated in the total trap collection. A large counting cell
was employed, on which the sample was distributed by stir-
ring. A Leitz travelling binocular microscope was used in
observing the plankton, and numbers were recorded by
"counters" and later tabulated on suitable forms. The ease
with which the objectives could be changed from low to high
power proved valuable in determining the Diaptomus species.

The numbers of individuals given in the tables, and indi-
cated in the graphs of this paper, are in all cases one-tenth of
the count, i.e., numbers per litre. In the case of the diurnal
migration study, since there was a certain variation in the
total of the vertical series of collections, the data are con-
verted to percentages of the total in constructing these
graphs. The actual numbers per litre of all counts are, how-
ever, given in the respective tables.

SAMPLING ERRORS

Introduction
Ricker (1937a) has shown that estimates of a plankton

population, made from individual samples, are subject to
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statistical errors of considerable magnitude. When the popu-
lation has a random distribution throughout the whole or
part of a lake, it can be shown that a series of samples taken
simultaneously from that part will const.tute a Poisson fre-
quency distribution. Following the methods of Clopper and
Pearson (1934), Ricker calculated tables of confidence or
fiducial limits, which yield a measure of the accuracy of small
samples as an estimate of the population (Ricker, 1937b).
For larger samples (i.e., counts of over 50) the standard error
is equal to the square root of the count, and the probability
that the population lies between given limits may be obtained
from the table of the normal probability integral.

It must be emphasized that these statistical limits are ac-
ceptable only when the distribution of plankters is proven to
be random. This involves the determination of the horizontal
distribution of each plankter considered in the individual lake.

Variation in horizontal distribution
(a) Historical. From the time of Hensen (1895), who

believed his results showed a uniformity of distribution of the
oceanic plankton, the subject of horizontal variation in dis-
tribution has received a great deal of attention. The question
is still, however, far from being satisfactorily settled. Apstein
(1892), Reighard (1894), and Ward (1896) have all contended
that the plankton studied in their investigations was distri-
buted with great uniformity. Imhof (1892), Zacharias (1894),
and Marsh (1897) state that such was not found to be the case
in their studies. Birge (1897) agrees with Apstein that two-
to four-fold variations are not to be counted as swarms, and
hence states, "while therefore I find swarms occasionally
present, I find also that the Crustacea of Lake Mendota are
in general distributed with marked uniformity".

An analysis of these early reports, and of the results of
recent studies, indicates that probably three factors were
responsible for these differences of opinion. Firstly, the indi-
vidual lakes studied probably differed with respect to the
distribution of the plankton population therein. That this is
POssibly true of Cultus lake (Ricker, MS. 1) and lake ipissing
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will be shown later. Secondly, methods of collection and
analysis very likely gave different results from this stand-
point. A third reason for these differences of opinion, may
have been the fact that no exact measure of the variation in
distribution was available, and considerable diversity of
opinion existed over the definition of what was meant by a
"swarm". .

(b) Statistical analysis. Ricker (1937a) has shown that:
(i) If the plankton population is randomly distributed, the

counts of a series of samples at point of time will comprise a
Poisson frequency distribution. The mean will in this case

(
1:(X- Xl)2)

equal the variance N1-1 .

(ii) If the population is bunched together in places, scarce
in others, the variance of a series of counts will exceed their
mean.

(iii) If the population is "spaced", i.e., if the individuals
have a tendency toward remaining a definite distance apart,
then the variance will be less than the mean.

The significance of these differences from the mean may
be determined by the X2 test: "when testing agreement to a
Poisson distribution, since the variance should equal the mean
X2 = 1: (x - X)2 Ix. Reference may then be made to the X2 table
to determine whether or not the value obtained is unreason-
ably large or small. Such tables are to be found in Pearson
(1924) table 12, or Fisher (1934) table 3" (Ricker, 1937a).
We have, therefore, a means of determining with exactitude
the type of distribution exhibited by any plankter, provided
that sampling methods give results suitable for analysis.

(c) Horizontal distribution in lake Nipissing, An at-
tempt was made in 1934 to determine whether or not the
population was more variable from station to station laterally
than at one station in lake Nipissing. Plankton trap samples
were taken at a series of depths at ten different stations,
within a radius of three-quarters of a mile. Ten samples were
also obtained from 8 metres at one station. The samples were
all taken between 10.00 a.m. and 1.00 p.m. on July 4, and
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light conditions as meas~red with .the photometer remained
practically constant dunng v= tlI?e. There was no wave
action to change the penetration of light, so that there should
have been no vertical migration resulting from change in light
intensity. The counts of the ten samples at 8 metres together
with the mean, the variance, and the X2 value are given in
table 3. Similarly the series at each of the ten stations is
given in table 4.

TABLE 3.-Variation in the number of organisms taken at 8 metres, in ten samples
taken at one station, July 4, 1934.

.,
u

SAMPLE "••Organism Mean .;::
1 2 3 4 5 6 7 8 9 10 •• X'>- - - - - --- - - -- -- -

Diaptomus ......... 140 222 185 173 163 185 134 141 178 164 168.5 703 37.6
Cyclops ............ 22 35 35 32 25 35 18 21 30 20 27.3 52 17.1
Epischura .......... 5 11 7 8 5 3 1 6 7 7 6.0 7.6 11.3
Metanauplii ........ 5 12 12 2 3 9 0 5 5 2 5.5 18 28.7
Nauplii ............ 569 575 589 555 483 436 423 471 490 514 510.5 3485 61.9
Daphnia ........... 31 37 45 30 25 30 31 35 33 40 33.7 33.1 8.9
Bosmina ........... 4 5 2 8 6 1 1 4 4 5 4.0 5 11.0

From the consideration of the ten counts at one point, 8
metres, it is clear that there was considerable difference in the
type of distribution exhibited by the different organisms.
Diaptomus, Cyclops, and their metanauplii and nauplii were
definitely bunched, although Cyclops were not greatly so.
Epischura, Daphnia, and Bosmina appeared to be randomly
distributed at 8 metres at this station, with a variance not
significantly different from the mean. The influence of errors
arising in the transference of samples from the trap to vials
has been neglected. It is felt that such errors have not caused
the large fluctuations in the numbers of certain organisms
since the bunching is evident only in certain species, not in all
groups represented in the samples. The 0.05 probability has
been taken as the limit of significance.

If we inspect table 4 we find a marked difference with
regard to laterally spaced series. In only one case does the
variance approach the value of the mean. In this case from a
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comparison of the X2 value with a table of the same, Daphnia
is found to have been randomly distributed at 8 metres over
the lake. At 10 metres it was bunched, although but slightly.
In all other cases the variance is significantly higher than the
mean, and Cyclops, Diaptomus, auplii, and Daphnia, with
the exception noted, were definitely bunched in their hori-
zontal distribution at all depths sampled.

TABLE 4.-Horizontal variationin the number of plankters,1934. Figures
givenare inallcasesactualcountsof planktersin the 10 litretrapsamples.

"HAUL vDepth ".~Metres :;;
1 2 3 4 5 6 7 8 9 10 Mean > X'
- - - - - -- - --- - -- --

Cyclops
37 35 12 7 11 32 19.8 55.0 11 14 18 21 121

3 45 36 32 35 ? 23 62 35 30 ? 37.3 138 257.
5 31 30 14 53 20 15 55 40 25 50 33.3 239 64.
8 22 27 11 20 20 30 45 50 15 25 26.5 154 524.

10 16 ? 20 25 20 ? 10 ? 15 10 16.5 306 111.
Daphnia

360 5 15 9105 60 115 43 55 106 54.9 1725283.
3 110 115 35 155 ? 100 227 30 127 ? 112.4 4015 250.
5 35 75 40 85 32 40 157 40 4.5 63 61.2 1454 213.
8 27 43 45 40 38 35 52 43 30 35 38.8 55 12.

10 31 ? 42 40 50 ? 32 ? 52 22 38.4 117 18.
Diaptomus

170 345 175 270 227.7 7917 3100 63 215 180 280 220 359
3 285 215 86 560 ? 275 465 200 486 ? 321.5 11684 255
5 160 235 95 325 80 145 410 145 140 304 203.9 12031532
8 65 95 80 90 67 95 145 160 50 230 107.7 3033 252

10 60 ? 70 60 70 ? 125 ? 50 160 85.0 1692 119
Nauplii

0 461 537 742 975 912 1350802 680 1185980 862.4 7657 884
3 426 464 415 627 ? 670 815 497 658 ? 571.5 20330 249
5 538 480 371 522 339 440 805 525 490 683 519.3 19113331
8 317 272 438 437 300 390 478 563 286 578 405.9 12571280

10 202 ? 222 258 230 ? 310 ? 296 400 274.0 4622 101

Even though Epischura and Bosmina were randomly dis-
tributed at 8 metres at one station, this distribution was not
found to hold true laterallyat other depths over the lake. It
is again possible to compare these types of distribution by a
statistical method.

If we wish to compare the variation in distribution
laterally with that at one station, a test of the significance
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of the differences between their variance will tell us if one'
distribution is more variable than the other. "In testing the
difference between two estimates of variance, s; and s: from
two small samples of 1 and N2 the index z = Yz (loge s;-
loge s:) may be used. Fisher's table 6 shows the distr~bu-
tion of z for probabilities (P) of 0.05 and 0.01 and for vanous
small values of n.and n2(= N 1-1, and 2-1)" (Ricker, 1937a).

The following example, table 5, illustrates the application
of the treatment discussed above to the Daphnia population
at 8 metres.'

2
o
8
o
5

o
o
o
7
3

TABLE 5.-Comparison of the numbers of.Daphnia a~ 8 metres in ten samp.les
takenat one station,with ten samplesdistributed within three-quartersofa mile.
Haul 1 2 3 4 5 6 7 8 9 10 Mean
One station 31 37 45 30 25 30 31 35 33 40 33.7
Horizontal 27 43 45 40 38 35 52 43 30 35 38.8

One station
Number of samples 10
Degrees of freedom 9
Variance (S2) 33.1
loge(S2) 3.50
difference(logeS,'-loges2!)=0.50

z = Yo (logeS,'-logeS.')= 0.25

Horizontal
10
9

55
4

Entering the table of z (Fisher's table VI) we find for 9
degrees of freedom for P=O.Ol, z=.8494, for P=0.05,
z = .5862.· The value of z here, 0.24, is much smaller than the
value corresponding to the 0.05 level of significance, and hence
the variation at 8 metres over the ten laterally spaced stations
was not great enough to be demonstrated by this small
number of samples.

A comparison of the variance of the other organisms
studied (as indicated in table 6) yields the following results:
Diaptomus, nauplii, and metanauplii were more variable
hOrizontally at 8 metres than at one point, their z values
being greater than the value of z corresponding to the 0.05
level of significance. Cyclops, Epischura, and Bosmina were
not so much more variable horizontally at this depth as to be
shown by this comparison.

At this date Epischura, Daphnia, and Bosmina appear to
'Example comparable to one givenby Ricker (1937a).
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have been nearly randomly distributed at 8 metres, at one
point and laterally. Cyclops was slightly bunched at 8 metres
at one point, and from this comparison was evidently not
more variable laterally. Diaptomus, metanauplii, and nauplii
were definitely bunched at 8 metres at one station and show
significantly greater bunching horizontally.

An attempt was made in 1935 to determine whether there
would be any trend observable if the ten series of samples were
taken in a line. That such was not found to be the case is

TABLE 6.-Comparison of variationin the numbers of planktersat 8 metres in
ten samples taken at one station,with ten samples distributedwithin three-

quartersof a mile.
"HAUL u ~'"""

Mean
.~~ M Diff."z'oS .21 2 3 4 5 6 7 8 9 10 >

- - - - - - - - - -- -- ---- --
Diaptomus 141 178 164 168.5 703 6.55StationII...140 222 185 173 163 185 134
Horiz....... 65 95 80 90 67 95 145 160 50 230 107.7 3033 8.01 1.46 0.73
Nauplii
StationII...569 575 589 555 483 436 423 471 490 514 510.5 3485 8.15
Horiz.......317 272 438 437 300 390 478 563 286 578 405.9 12500 9.43 1.28 0.64
Metanauplii
StationII... 5 12 12 2 3 9 0 5 5 2 5.5 18 2.89
Horiz....... 2 6 1 10 5 10 20 30 10 15 10.9 76 4.33 1.44 0.72
Cyclops
StationII... 22 35 35 32 25 35 18 21 30 20 27.3 52 3.95 .
Horiz ....... 22 27 11 20 20 30 45 50 15 25 26.5 154 5.04 1.09 0.54
Epischura 7 8Station11... 5 11 5 3 1 6 7 7 6.0 7.6 2.03
Horiz....... 1 1 1 0 5 5 10 5 12 6 4.6 15.1 2.71 0.68 0.34
Bosmina
StationII... 4 5 2 8 6 1 1 4 4 5 4.0 5.0 1.60
Horiz....... 7 4 1 3 0 2 5 5 7 5 3.9 5.6 1.72 0.12 0.06

indicated in table 7. The statistical analysis yields results
quite similar to those found in 1934, with the exception of
Daphnia which is found to have been randomly distributed
at the surface, and not greatly bunched at 1 metre.

When we compare this to the results obtained by Ricker
on Cultus lake, we find very marked differences. Ricker
(1937a) finds that Epischura and Bosmina are randomly dis-
tributed at a point, Cyclops and nauplii are "spaced", and
Daphnia are definitely "bunched". In comparing the hori-
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zontal variation of these organisms with that at one station,
he concludes (MS. 1): "In most cases their horizontal
distribution is approximately the same in the immediate
vicinity of the central sampling station as over the entire
open water of the lake. In only one case has a more variable

TABLE 7.-Horizontal variationin the numbers of planktersin 10 litresamples
taken at ten stationsin a straightline,1935.

HAUL "u
"Depth oS X2Mean .;:

Metres 1 2 3 4 5 6 7 8 9 10 ">- -- - -- - - - - ---- --- --
Daphnia 0 2 7 8 2 7 7 30 5 7 4.8 7.4 14

1 1 0 3 1 0 6 2 5 6 5 2.9 5.8 18
3 27 17 5 13 10 12 20 10 20 10 14.4 42.5
5 40 40 20 29 30 20 65 12 40 50 34.6 248.7
8 16 37 20 23 11 25 52 25 23 30 26.2 132.5

10 22 40 25 40 15 45 32 25 38 25 30.7 94.7
12 45 40 30 32 20 35 25 ? 15 17 28.8 67.3 21

Diaptomus
0 14 10 12 25 1 10 20 30 20 30 17.2 89.3 47
1 15 8 4 10 12 6 17 17 10 12 11.1 23.2 19
3 50 10 8 54 40 80 35 25 50 10 36.2 547.2 136
5 86 10 42 65 18 145 30 95 150 43 68.4 2480 326
8 72 47 43 50 47 130 65 60 100 25 63.9 941 132

10 80 210 75 80 65 195 90 70 75 20 96.0 3490 327
12 130 480 130 70 85 120 150 ? 25 17 134.1 19030 1136

Metanauplii
0 35 90 130 65 50 125 195 240 205 310 144.5 8350
1 130 155 145 145 165 255 230 240 205 225 189.5 2120
3 260 345 360 270 465 255 415 325 355 450 350.0 5740
5 245 380 690 270 285 310 470 520 405 390 396.5 9580
8 290 370 290 245 218 355 355 325 395 340 318.3 4790

10 240 255 220 240 205 285 320 270 325 240 260.0 1600
Nauplii 12 195 175 240 280 370 315 280 ? 250 195 255.5 4725

0 165 385 450 525 405 685 680 630 720 805 545.0 36477
1 310 465 455 490 535 565 695 625 730 646 551.6 16177
3 660 610 795 660 1225 445 550 550 780 875 715.0 48972
5 480 440 1355 433 435 320 440 350 595 425 527.3 14544
8 370 250 370 345 285 365 290 250 300 295 302.0 204010 325 205 255 230 155 175 280 180 262 310 237.7 3675012 185 100 165 125 105 90 225 ? 245 242 148.2 4294

distribution over the greater area been demonstrated with
certainty, that of Cyclops in one of the tests, and the differ-
ence was not great." .

Whether or not this great difference in the type of dis-
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tribution is a result of inherent differences in the two lakes, or
whether it is an apparent difference due to difference in
sampling methods, is not known. Ricker's samples for com-
parison were all taken with a Juday closing tow net. The first
group was taken with a No. 20 silk net for which he gives net
factors of 15.3 on March 17 and 5.9 on October 12. Later a
second group was taken with a No. 10 silk net for which he
gives a factor of 1.10 (loc. cit.).

(d) Conclusions. The data presented above are so perti-
nent to the question of seasonal and yearly fluctuations in
abundance, and of comparisons of productivity from lake to
lake, that when taken into consideration in such studies they
must modify significantly conclusions reached. With regard
to seasonal fluctuations in abundance, it should be pointed
out that even in spite of horizontal variations, seasonal trends
are still noticeable and must be significant. Even though the
absolute numbers making up seasonal maxima and minima
are subject to large errors, still the trends are so definite, and
the differences between such maxima and minima are so
great, as to make their existence quite certain. Since the
statistical significance of these differences is not known, it will
be necessary in the future to modify sampling methods to
obviate these fundamental errors when present, if accuracy is
required.

In order to overcome the effect of these horizontal varia-
tions, both from the standpoint of seasonal abundance and
comparative productivity studies, it will be necessary to take
a number of duplicating series. Counts of a smaller number of
organisms from each, or a fraction of mixed samples from one
depth, will yield greater accuracy than is possible from single
samples.

In the present study, the extent of horizontal variations
was not known until the field work was nearly completed;
h~n~e?o att.empt is made to compare the productivity of lake
Nipissing with other lakes, from the standpoint of plankton
production. The. section of this paper dealing with seasonal
abundance contains only a general comparison of the modes
in the distribution curves, and no conclusions are drawn as to
the relative production in different years.
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Throughout the investigation, emphasis was placed upon
a study of variations in the vertical distribution of individual
species. It was realized that samples must be obtained at
short intervals of time, since conditions change rapidly at
certain seasons. In the final year (1935), the analysis of a
large number of cisco stomachs, in addition to the enumera-
tion of weekly series at station I, and midnight series in con-
nection with food studies, precluded the possibility of attempt-
ing more than one series at each sampling date.

In the study of vertical distributions, care has been ex-
ercised in analysis in the case of those species which were taken
in small numbers. Only outstanding differences have been
considered to be at all significant. Minor differences have
been disregarded in the analyses.

THE PLANKTO CRUSTACEA OF LAKE NIPISSING

Six species and one group of entomostraca were taken in
sufficient abundance to determine their distribution. These
are listed below.

Cladocera
Daphnia longispina ( iltiller)
Holopedium gibberum (Zaddach)

Copepoda
Epischura lacustris (Forbes)
Diaptomus oregonensis (Lilljeborg)
Diaptomus minutus (Lilljeborg)
Limnocalanus macrurus (Sars)
Cyclops group.

Of the Cladocera, Diaphanosoma leuchtenbergianum
(Fisher), Bosmina longirostris (Muller), and Leptodora kindtii
(Focke) were taken in such small numbers that distributional
studies were impossible. The same was true in the case of the
malacostracan Mysis relicta (Loven).

The family Cyclopidae is represented by three species in
lake Nipissing. These three species, Cyclops bicuspidatus
(Claus), Cyclops viridis (J urine), and M esocyclops obsoletus
(Koch), were too difficult to separate in enumerations, and
have therefore been combined under the genus Cyclops.
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PART I: DIURNAL MOVEMENTS OF LIMNETIC CRUSTACEA

It has for many years been recognized that plankton
crustacea react to changes in light intensity. This results in a
difference in their vertical distribution at different times of
the twenty-four hour cycle. In the studies of vertical dis-
tribution of the lake Nipissing plankton crustacea, collections
were made so far as possible at times when light conditions
were similar, yet light measurements indicated the existence
of different light intensities on different dates. In order
properly to understand and interpret the results of this
vertical distribution study, it is desirable to have definite
information on the diurnal movement of the plankton
crustacea occurring in lake Nipissing. The results of a study
of their movements throughout the day and night of June 27,
1934, is therefore given, and those movements occurring
during the cyclic changes of daylight and darkness are here
considered as diurnal movements.

Vertical series of trap hauls were taken at critical periods
of the day and night beginning at noon on June 27, 1934.
The thermocline was not well marked at this date, the steepest
gradient (1.5° C. in 2 metres) occurring between 13 metres and
15 metres. The temperature from surface to 13 metres de-
creased gradually from 17.8° C. to 16.6° C. The diurnal
variation in vertical distribution of the different· plankton
crustacea is indicated in figure 5, and the numbers of organ-
isms involved is given in table 12 (p. 121). The lowermost
panel represents on a logarithmic scale the differences in the
light intensity at the surface throughout the period.

In 1935, midnight series of trap samples were obtained in
connection with the study of the utilization of plankton
crustacea by the cisco. Comparable samples were taken the
previous day in each case, and these permit a comparison of
diurnal movements at different dates during the season. The
actual numbers involved are given in table 13 (p. 124).
Table 9 (p. 117) records the light intensity values at the time
of daylight sampling. Temperature relations at different
depths during 1934 and 1935 are indicated in table 10 (p.
118) and figure 12 (p. 51).
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Daphnia longispina (M tiller)
(a) Diurnal movement on June 27, 1934. The only -

abundant cladoceran in the open water of lake Nipissing is
Daphnia longispina. The lower panel of figure 5 indicates the
changes in distribution of this form during the day and night
of June 27, 1934.

The daytime distribution of Daphnia in the lake was
characterized by fairly large numbers in the epilimnion, a
marked scarcity in the region of the thermocline, and at times
an abundance below that level. This large population in the
hypolimnion was predominantly of the larger and older indi-
viduals. The species was definitely scarce at the surface and
the young forms predominated in the upper strata during the
day.

When the light intensity had decreased to a value of ap-
proximately 2,000 foot candles by 6.00 p.m., a very definite
maximum occurred at 3 metres and a second mode was found
just above the thermocline. Very few individuals were taken
at any level in the hypolimnion at this time of day. At 8.00
p.m. when twilight conditions prevailed, there appeared to
have been a definite movement downwards. A maximum was
produced at 8 metres and numbers of individuals were taken
throughout the hypolimnion. Subsequently, darkness ap-
parently caused a migration to surface and fairly large num-
bers were found in the upper 5 metres at 10.30 p.m. By
midnight a very definite maximum was found at surface and
fewer individuals were taken below that level. The change in
distribution at 3.00 a.m. and 4.00 a.m. is characterized by an
apparent movement downwards to produce a mode at 5 and
8 metres, although the mode at surface continued until dawn.
By 6.30 a.m. a fairly typical daylight distribution was found.
At 10.00 a.m. large numbers were taken below the thermo-
cline and a definite maximum was produced at 3 metres .: By
noon this maximum was found slightly lower, at 5 metres.
During the morning from 3.00 a.m. onwards, there was a
gradual evacuation of the surface stratum, and between
10.00 a.m. and noon the 3 metre stratum was affected
similarly.
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(b) Seasonal differences in diurnal movements, 1935.
From figure 6, which gives the various daytime and midnight
distributions throughout the season, we observe that at no
time was there such a definite maximum at the surface as dis-
cussed above. If we consider the nocturnal distribution to be
a result of movement from the position of occurrence during
the day, the following movements appear to have taken place
as the light decreased in the evening, or after darkness set in.

On June 22 the movement was apparently downwards
from zero and 1 metre levels and upward from lower levels to
produce a maximum at 5 metres at midnight. On July 5 a
slight movement took place into the 1 metre stratum. On
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FIGURE 6.-Seasonal differences in diurnal movement of Daphnia, 1935 .

July 27 the individuals in the hypolimnion (below 12 metres)
penetrated the thermocline to form a definite maximum at
5 metres. Contrary to this, on August 24 and September 1,
the daytime maximum in upper strata disappeared and a
more or less even distribution occurred at night. On Septem-
ber 1 the population of the zero and 1 metre strata did not
appear to be materially affected.
••. (c) Conclusions. Juday (1903) says of Daphnia hyalina:
With one exception [in nine lakes studied] the young did not

show so great a movement as the adults, for they were nearer
the surface in the daytime." The difference in distribution
~t~een young and adult Daphnia noted in lake [ipissing is
Itnllar to that found by Juday, but Southern and Gardiner
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(1932) and Worthington (1931) have found the exact opposite
in Lough Derg and lake Lucerne respectively. Dice (1914)
with regard to the question states: "young individuals of
Daphnia pulex are more strongly positively phototactic and
negatively geotactic than adults. They also sink less rapidly
in water. For these reasons they are usually found nearer the
surface than the adults. There is a downward movement
(i.e. in distribution) due to the ageing of the individuals."

The differences in the movement of Daphnia throughout
the season do not appear to have been generally observed.
Juday (1903), in sampling ten lakes at different times during
the summer, mentions no differences for D. longispina cor-
related with seasonal differences. In eight of the lakes a
nocturnal movement to the surface was found, the range of
the extent of movement being from U metre to 7 metres.
No great difference in migration is reported by Burckhardt
(1900) who sampled lake Lucerne in March and Worthington
(1931) who sampled the same lake in September, both finding
a migration of some 30 metres through the thermocline to
surface. Kikuchi (1931) makes the statement that: "In
Japanese lakes Daphnia longispina is generally distributed
below the thermocline. It apparently shows a tendency to
move upward at night, but not a single individual was found
above a depth of 5 metres or in the epilimnion at night.
However, D. longispina came up near the surface in winter,
when the temperature of the water decreased."

From the above it is evident that D.longispina reacts very
differently in different lakes, and it is therefore not surprising
to find that its reaction in lake Nipissing varied under the
changing conditions of the season.

Epischura lacustris (Forbes)
(a) Diurnal movement on June 27, 1934. Panel four

of figure 5 represents the percentage distribution of Epischura
at different periods during the day and night of June 27, 1934.
Numbers taken in anyone sample were small, so that too
much reliance must not be placed on individual counts. Cer-
tain trends are, however, quite evident and are taken as
significant, since several samples are involved in each case.
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The daytime distribution was characterized by a bimodal
curve, one maximum occurring near surface and another in
strata below the thermocline. It is questionable whether or
not the marked congregation of individuals occurring at 6.00
p.m. was significant, since with continued decrease in light
intensity the typical daylight distribution was observed at
8.00 p.m. Throughout the hours of darkness, however, maxi-
mum numbers were taken in upper strata and no individuals
were obtained below the thermocline. Two hours after dawn a
downward movement was observed, and later the species was
again taken below the thermocline. The individuals found
below the thermocline in daylight definitely moved through
the thermocline to upper layers at night. Whether or not this
was a result of a change in geotropism is not known.
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FIGURE 7.-Seasonal differences in diurnal movement of Epischura, 1935.

(b) Seasonal differences in diurnal movements, 1935.
Figure 7 indicates the differences observed in the diurnal

movements of Epischura in the summer season of 1935. On
June 22 there was no definite movement of the species. On
July 5 a downward trend was evident in the epilimnial popula-
tion, and on July 27 and August 24 there was a definite up-
ward movement at night.

(c) Conclusions. Marsh (1897) says of the species:
"Epischura prefers warm water but avoids bright light. In
the daytime during the hot months it is most abundant in the
upper layers, but not at the immediate surface. In the dark-
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ness of the evening however, it is no longer repelled from the
surface by the light." From night hauls in late August, 1893,
he observes: "In these three night hauls, there was an average
of 82 per cent. in the 0-5 metre stratum, while the average in
the day hauls in the same stratum was 33.32 per cent."
Again he states: "On the contrary it appears that in October
nights it migrates to greater depths. It appears to be prob-
able that temperature is the controlling cause of both the
diurnal and seasonal migrations."

It is true in the case of lake ipissing that in June when
the temperature was approximately 16°C. from surface to
20 metres, no nocturnal movement was noticeable in 1935.
In 1934, on June 27, when the upper 10 metres of water were
definitely warmer than those below, there was a movement
upward at night. On July 27 and August 24,1935, there was
also an upward migration into regions of warmer water, but
on July 5 the movement was in contrast, from regions of
warmer to colder water. It is believed, then, that no one
factor is at all times the controlling agent in this case, but
rather an interplay of factors is responsible for the reactions
exhibited. The explanation for the change observed on July 5
must, therefore, be sought through experimental investiga-
tion.

Diaptomus oregonensis (Lilljeborg)
(a) Diurnal movement on June 27, 1934. The second

panel of figure 5 represents the distribution of copepodid
stages of D. oregonensis which were taken near bottom in deep
water. Small numbers of adults did occur above the thermo-
cline but were relatively of slight importance in this study.

It is clear that the copepodid stages did not exhibit any
marked diurnal movement at this time.

(b) Seasonal differences in diurnal movements, 1935.
The copepodid stages below the thermocline did not exhibit
any marked diurnal movement on any of the dates when day
and night series were taken (figure 8). This is in conformity
with the data from the diurnal study on June 27, 1934. Con-
siderable difference was, however, observed in the movement
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of the adults above the thermocline. On three of the dates,
June 22, July 27, and September 1, a definite upward move-
ment was observed at night. On the other two dates, the day-
light and midnight distributions were not greatly different,
and there was apparently no diurnal movement of these
mature individuals.
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FIGURE S.-Seasonal differences in diurnal movement of Diaptomus group, 1935.

TO correlation exists between the light intensity at the
time of daylight sampling and the subsequent nocturnal dis-
~ribution, nor was there any observable differencejn light
tntensity between the nights when movement was observed
a~d those nights on which adult D. oregonensis failed to
mIgrate towards surface. Other factors, the nature of which
are not known, must at times limit the response of this species
to diurnal changes in light intensity.
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Diaptomus minutus (Lilljeborg)
(a) Diurnal movement on June 27, 1934. The upper

panel of figure 5 represents the changes in distribution of
adult Diaptomus throughout the diurnal cycle. The diagrams
can be taken as indicative of the movement of D. minutus, for
it was the abundant diaptomid taken in the epilimnion at this
time. Although D. oregonensis adults occurred in this region,
their numbers were negligible.

The daytime distribution of Diaptomus, when the light
intensity was high (approx. 10,000 foot candles), showed a
definite maximum at 3 metres. The form was evidently posi-
tively phototropic to bright light, but not to the intense light
at surface. When the light intensity decreased to approxi-
mately 2,000 foot candles at 6.00 p.m., the distribution became
bimodal, part of the population leaving the 3 metre stratum
and descending to 8 metres. As the light decreased still
further, the distribution again changed, greater numbers being
taken at the zero and 3 metre levels; later at 10.30 p.m. and
12.10 a.m. maximum numbers were definitely at surface. Co-
incident with this latter movement to surface, part of the
population tended to settle to lower strata, so that there was
an even gradation in distribution from the maximum at sur-
face to a minimum at 15 metres, the region of the thermocline.
At 3.00 a.m. the distribution again changed and although
maximum numbers were still taken at surface, a second con-
centration was found from 10 to 15 metres. Just at dawn,
4.00 a.m., numbers decreased in the zero and 3 metre strata,
and a fairly even distribution was found from 5 to 15 metres.
A light intensity similar to that found previously at 6.00 p.m.
failed to produce a bimodal distribution at 6.30 a.m. This
was possibly because the light was increasing rather than de-
creasing. By 10.00 a.m. a unimodal distribution was again
produced, the maximum occurring at 5 metres, and by noon it
had become bimodal once more, maxima being found at 3 and
8 metres as at 6.00 p.m.

It is, therefore, clear that the population of D. minutus in
lake Nipissing does react to changes in light intensity, in that
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its distribution changes markedly throughout the cycle.
Marsh (1897), however, found no such reaction for this species.

The bimodal type of distribution suggested a difference
in the composition of the population at the two modes, certain
individuals reacting differently from others to existing con-
ditions. A determination of the sex ratio at certain depths
suggests a possible explanation. The problem is, however, so
complex that its ultimate solution is impossible from the
series of small samples resulting from the final subdivision to
sexes. This greatly lessens the significance of the differences.

(1) Differences in the diurnal movement of the sexes. Table
8 gives the percentages of the males and females of Diaptomus
minutus in samples from certain of the depths referred to

TABLE 8.-Percentage sex ratio of D. minutus at different depths, June 27, 1934.

Depth 12.10 3.30 6.00 8.00 10.30 12.10 3.00 4.00 6.30 10.00 2.115
metres p.m. p.m. p.m. p.m. p.m. a.m. a.m. a.m. a.m. a.m. p.m.-- -- -- -- -- -- -- -- -- -- -- --

90' 9 0' 9 0' 9 0' 9 0' 9 0'9 0'9 0'9 0'9 0'9 0'
-- -- -- -- -- -- -- -- -- -- -- --

0 68 32 72 28 90 10 25 75 17 83 24 76 28 72 79 21
3 58 42 53 47 92 89 84 16
5 35 65 58 42
8 27 73 38 62 12 88

10 52 48 58 42 45 55 50 50 31 69

above. For the most part, only in samples containing large
numbers of individuals were sex determinations attempted.
It was, however, considered necessary to obtain an approxi-
mate value of the ratio between the sexes in certain of the
samples of special significance, even though the numbers
were smaller.

The maxima observed at 3 metres at 12.10 p.m. and 3.30
p.m ",when light intensity was high were apparently composed
of fairly equal numbers of males and females. Above these
maxima the surface population was made up of more females
than males.

In the upper maximum at 6.00 p.m. females predominated
to a marked extent, whereas in the lower maximum at 8
metres, the reverse was true. At 8.00 p.m. the females still










































































































