ON THE LIMNETIC CRUSTACEA OF GREEN LAKE.

BY C. DWIGHT MARSH,

Professor of Biology in Ripon College.
WITH PLATES V TO XIV.

The investigations on which this paper is based were com-
menced in August, 1893. At that time I constructed a vertical
net, which could be closed at any depth., With this net T made
twelve series of five meter hauls in a little more than twenty-
four hours. My object was to determine the facts in regard to
the diurnal migration of limnetic crustacea,— a migration which
I was certain, at that time, took place. The material obtained
in these collections was carefully counted, the results tabulated,
and reduced to percentages, and a report on the subject was
made at the summer meeting of the Wisconsin Academy, in
June, 1894, and a brief rdswmé was published in the American
Naturalist in the same year. ' '

So far as difference of diurnal distribution was concerned, the
experiments gave only negative results, but certain facts in
regard to the general vertical distribution of the different
species came out very clearly. It seemed to me probable, how-
ever, that the distribution might not be the same on different
days, and, in all probability, would differ greatly in the differ-
ent seasons. At that time, very little had been published
in regard to the occurrence of the entomostraca in different
seasons. It seemed to me that if a systematic series of collec-
tions could be made throughout the year, the results would be
very interesting. The matter was brought to the attention of
the trustees of Ripon College, who recognized its importance,
and made a special appropriation to pay the necessary expenses
of the investigation.
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The work was commenced in the latter part of September,
1894. During the fall the lake was visited twice each week,
and at each visit from one fo four series of collections were
made. In the winter, while the lake was closed by ice, only
three collections were made. From the latter part of April,
1895, until July, collections were made at intervals of about
one week. In July and August no collections were made, but
in September the work was resumed, and collections were made
at intervals of about one month until July, 1896. From July,
1896, to December, weekly collections were made. Thus I had
a series of collections running through a little over two years,
with the exception that for the months of July and August, I
had only the collections of 1896.

During the time in which this work has been going on, con
siderable has been published on the periodicity and distribution
of the limnetic crustacea, so that some of my results are simply
corroborative of the work of others, especially in regard to the
seasonal distribution of the crustacea. The peculiar character
of Green Lake and its fauna and flora, however, makes ‘simply
corroborative work important, and some of the results, I think,
are entirely new.

I wish to acknowledge the very efficient assistance of Mr.
P. 8. Collins, of Ripon, in the work of making the collections
and observations. Sherwood Forest Hotel was the headquarters
of the station work, and I am greatly indebted to the proprie-
tor, Mr. Beckwith, and Mrs. Beckwith, for innumerable courte-
sies.

GREEN LAKE.

The general character of Green Lake has been indicated in my
former paper. - (Marsh, ‘91, b.) It is a long, narrow body of
water, something over seven miles in length, and with a maximum
width of less than two miles. At the eastern end where it is
fed by a small stream, Silver Creek, the shore is low and swampy.
At the western end another small stream enters, and here also
the shore is low, but most of the shore line is made of bluffs of
-greater or less elevation. At Lucas’s Point and Sugar Loaf are
abrupt cliffs of Potsdam sandstone. There are alarge number of
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springs on the south shore, and it is popularly supposed that
most of the water is derived from this source.

The water of the lake is clear, of a beautiful green color, and
reaches a maximum depth of two hundred and seventeen feet,
The bottom in the deep water consists of a fine, blue clay, con-.
taining a large amount of organic matter, in which are
found worms, none of which have been determined.

In the general character of its fauna, Green Lake resembles; in
a striking manner, the Great Lakes. Inits abysmal fauna, we find
Pontoporeia Hoyi and Mysis relicta,— species which have not
been found in America outside of the Great Lakes. In the
intermediate depths is Limnocalanus macrurus,—a species sel-
dom found except in the larger bodies of water, and in the upper
layers are found the same species as in the Great Lakes with
two exceptions,— C. pulchellus and D. Ashlandi. There is never
any striking amount of vegetable matter in Green Lake except
in the months of July and August, when ordinarily an Anabaena;
which I thinkis either flosaguae or circinalis is found all over the
lake, and forms little green ridges as it is washed up on the
shore by the waves. But even this is not present in sufficient
amount to form a scum, and never fouls the collecting net to
any extent, as does the “scum” of shallower lakes.

Apstein-divides lakes into two groups, which he styles Chro-
occaceae lakes and Dinobryon lakes. According to the general
characteristics which he gives to these two groups, Green Lake
should be a Dinobryon lake, and yet I have never found Dirobryon
in it.

It seems to me that our lakes in this part of North America
can naturally be divided into the two classes of “deep” and
“shallow” lakes, the faunae of the two classes being very distinct
in their general character. The “shallow” lakes have, in the
summer season, a large amount of the chlorophyll bearing algae;
there is but little distinction between the littoral and limnetic
species of Cyclops; Limocalanus macrurus is seldom present; and
the abundant species of Diaptomus is oregonensis. Epischura
lacustris may be present in shallow lakes, but is not always
found.

In the deep water fauna of the “"deep” lakes the common
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species of Cyclops are brevispinosus, pulchellus and fuviatilis;
Epischura lacustris and Limnocalanus macrurus are commonly
present, and Diaptomus is represented by D. sicilis and D. minu-
tus: D. Ashlandi, is, so far as my observations go, confined
to the Great Lakes and bodies of water in immediate connection
with them,

The distinction thus made in regard to the distribution of
Diaptomus is not without exception by any means, and I think
that in more northern lakes D. minutus is found more abundantly
in shallow lakes than it is in the region that has been more es-
pecially the subject of my studies. Inasmuch as ménutus is
found in great abundance in Greenland and Iceland, I presume
that the real cause of its greater abundance in the deeper lakes
of our latitude is not the depth of the water, but the low tem-
perature which is coincident with depth.

In general, we may say that depth rather than extent of sur.
face controls the character of the crustacean fauna, This is
strikingly shown in a comparison of Green Lake with Lake
Winnebago. Lake Winnebago is situated about twenty-five
miles from Green Lake, and is about twenty-eight miles long by
eight to ten miles broad. Through its whole extent it is very
shallow, beiag for the most part from ten to thirty feet in depth.
Its crustacean fauna consists of those species characteristic of shal-
low lakes, being very different from that of Green Lake. The same
thing is noticed in comparing the fauna of Lake Mendota, as deter-
mined by Professor Birge, with that of Green Lake, Mendota fall-
ing distinctly into the class of shallow lakes. What depth may be
considered as characterizing deep lakes, it is difficult to state
with certainty, and I suppose it is doubtful if an exact limit
can be fixed, but I think it is about forty meters. Lake Men-
dota, according to the soundings of Professor Birge, has a max-
imum depth of twenty-two meters. Lake Geneva is a little over
forty meters in depth, and, judging from the collections of Pro-
fessor Forbes, is somewhat intermediate in the character of its
fauna between the shallow and deep lakes. Lake St. Clair is
apparently an exception to this classification, as, although it is
shallow, it has also the fauna of the deep lakes. This is easily
explained, however, if we remember, as stated in my former re-
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port, (Marsh, 95, p. 4,) that Lake St. Clair has an immediate
and constant connection with the deeper lakes, and there is,
doubtless, continual migration into it of the forms characteris-
tic of deep water. '

DESCRIPTION OF THE DREDGE.— PLATES XIII, XIV.

The dredge which I have used was constructed after several
experiments, and has, I think, answered admirably the require-
ments of my work. Inasmuch as I expected to use it entirely
for vertical work, it did not seem necessary that it should be
closed when descending, but that there should be some device
for closing it at any desired point on its upward course. The
upper frame of the dredge is a brass ring from which by three
cords is suspended the bucket. The upper frame is thirty-one
centimeters in diameter.

The bucket is like that described by Professor Birge. (Birge,
'95, p. 428). Inasmuch as the wire gauze used in the bucket
has meshes 1-100 of an inch in diameter, it does not retain the
smallest organisms, but serves perfectly well as an apparatus
for catching crustacea.

The dredge bag is of India linen, carefully selected so as to
get cloth that is fairly uniform in texture, and is suspended
between the upper frame and the bucket. The dredge bag is
strengthened on its upper edge by heavy cloth, into which are
let the eyelets, by which it is laced to the brass rings of the
frame,

The cords between the frame and the bucket are continued be-
low the bucket and fastened to a sounding lead weighing about
six pounds. To the upper frame are attached three cords which
unite in a brass ring, by which the dredge is suspended by the
releasing apparatus. About half way of the length of the dredge
there are attached to the suspending cords brass rings, through
which a cord runs twice in such a way that when it is drawn
tight it acts like a puckering string and closes the dredge.
This cord is attached to the dredge rope, which, after being

fastened to the releasing apparatus, hangs loosely over the edge
of the dredge.
The releasing apparatus consists of a brass frame (see PL
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XII1.) fifteen centimeters long, by five centimeters broad. The
frame is strengthened by three transverse braces. The frame
and braces are made of strips cut from sheet brass; one milli-
meter thick and two centimeters wide.

Through the horizontal pieces of the apparatus are drilled
two holes large enough so that the heavy brass wire D E will
slide easily up and down. To the middle of this wire at E is
attached an upright piece which passes through the lower part
of the frame B, and strikes against the brace C. The wire is
held in place by a rubber band passing around the plate B.
The dredge is hun g from this central pin at E, and cannot be
detached ex cept as the wire D E is lowered so as to throw the
ring off the pin.

The releasing apparatus is fastened to the dredge rope by
copper wire passed through small holes drilled in the upper and
lower plates. The messenger is a brass cylinder five centi-
meters long and four centimeters in diameter,

The work of dredging is done from a row boat which is fitted
with a sail. The mast is unshipped, and in the mast hole is in-
serted an upright about six feet long, to which is -attached
a cross piece extendin g over the side of the boat. From this
cross piece the dredge is suspended by a pulley block, and upon
the cross piece is a hook from which the messenger is suspended.
The dredge is lowered vertically, and after being raised to the
“set off " by the messenger. When the mes-
senger strikes the releasing apparatus the top of the dredge
falls over, and it remains suspended by the middle. At the

required point, is

same time the weight of the lead causes the cord around the
middle of tha dredge to tighten, so that there is a double safe-
guard against the entrance of any other organisms— the in-
verted top and the stricture of the suspending cord.

There is one sour ce of inaccuracy in this dredge, and that is
the loss of material, when it is released, between the top and

the cord passing around the center. My hauls, however, were
made through five meter distances, and I do not think that in
this distance, the loss would have much effect on the results,
and, of course, for compa.ratwe work it need not be considered
at all.
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For winter work, the apparatus is hung from a tripod placed
over a hole in the ice. (Plate XIV.)

The tube at the bottom of the bucket was made of a size to
fit in the top of an eight drachm homeopathic bottle, and in or-
der to preserve material, I simply washed it with strong alcohol
immediately from the bucket into the bottle.

A buoy was anchored in from forty to forty-five meters of
water, and all collections were made from that point. In suec-
cessive years the buoy was located in very nearly the same
place, and when collections were made through the ice, it was
intended that they should be taken at nearly the location of
the buoy.

Collections were made in all kinds of weather, but more were
made in comparatively pleasant weather, as naturally one would
prefer to visit the lake under such conditions.

The record of observations was kept in a book arranged for
the purpose. A sample page of this book appears on the next
page.

The temperatures were taken by a Miller-Casella deep-sea

maximum and minimum thermometer, which was loaned to me
by the United States Fish Commission for the purpose. As those
who have used this form of thermometer know, it is very slow
in its action, it being necessary to allow at least twenty min-
utes for each observation, This made it impossible for me to
get a record of temperatures at intermediate depths, although
such a record is very important in determining the laws gov-
erning the vertical distribution.
" The temperature curves of the two years, 1895 and 1896, are
shown in plates V and VI, with the exception that no observations
were made in July and August, 1895. It will be noticed that
the maximum range of bottom temperature observed was from
35 to 45 degrees, thus indicating great uniformity of conditions
of temperature at the bottom.
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The surface temperature varied from the freezing point of
water in winter to eighty degrees in August, 1896. In general
the rise of surface temperature in the spring, and the fall in
autumn, were both uniform and rapid, but there were some ex-
ceptions. Very noticeable is the jog in the curve in May, 1895.
In this month there was a period of unusually warm weather,
followed by severe frosts.

There was a curious rise in the bottom temperature in the
fall of both 1894 and 1895. On November 11, 1894, I found
the bottom temperature 45, while the highest point reached
previous to that time was 42§.

On October 24, and November 3, 1894, I found the bottom
temperature 44, while the highest point reached previous to
that time was 43. On November 11, 1895, the bottom temper-
ature was 45, while the highest previously recorded was 42i.
My first impression on seeing these temperatures was that there
must have been a mistake in the observation. I felt the more
certain of this probability in one case, as the observation had
been made by my . assistant without my direct supervision.
But a repetition of the work showed that there was no mis-
take.

A similar rise in bottom temperature in November has
been noticed in Iake Cochituate (Whipple, '95, p. 205, and
Fitzgerald, ’95, p. T4), and these authors have also noticed a
fall in bottom temperature in the spring. These apparent ab-
normalities in temperature have been explained by the above
mentioned authors on the supposition that as the top and bot-
tom temperatures approached each other, the water, being of
nearly equal density from top to bottom, would be in a state of
unstable equilibrium, and currents would be set in motion, which
would effect the whole depth, especially under the influence of
high winds. Whipple has shown ('95, p. 208), that under some
circumstances an overturning and mingling of the whole mass
of water in a lake may take place with almost incredible sud-
denness.

Although no attempt was made to keep a systematic record
of other organisms than crustacea, some notes were kept of the
appearance of other animalsand of plants.
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Of plants, the only one besides diatoms, which oceurred in.
any abundance was the Anabaena already mentioned. In 1896
this appeared in the latter part of June, and continued well:
through August. In other years, I have found it preseﬁt ounly
during a very short time. I have notes also of ared alga that-
was found in considerable abundance about the middle of
August. In oneof the March collections there was also an un--

. determined green alga.

Rotifera were of course present in large numbers, but no at--
tempt was made to keep any record of them. Notholca longi..
spina was found throughout the year, sometimes in great abun-
dance.

Ceratium occurred quite constantly in the collections from .
June to the latter part of October, and in 1896, until the middle-
of November.,

From May throngh the year, Diptera are occasionally found
in the collections. This is what one would expect, for the-
larvae are found in the bottom fauna.

METHOD OF COUNTING,

The method used in counting was somewhat different from.
that used by other authors, and a method that perhaps could
not be used so successfully in collections containing a large
amount of vegetable material. The alcohol in the bottles was
largely replaced by glycerine in order to have the material in a.
medium that would not evaporate rapidly. I had prepared for-
me a glass plate sixteen centimeters in diameter, ruled with con-
centric circles a centimeter apart. The circles were divided by
diameters, into eight segments. The plate was mounted on.
a tripod such as is used in leveling gelatine plates in bacterio-
logical work, and carefully leveled. The collection was then
poured as nearly as possible upon the exact center of the plate.
Ordinarily it would spread with great uniformity upon the
plate. The fractional part of the whole counted depended upon
the numbers of the species under consideration. Commonly I
counted only one-eighth of the Diaptomi. Of the species present.
in smaller numbers, I would ordinarily count all on the plate.
In any case all parts of the plate were examined in order to de-
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tect the presence of any unusual form. This work was done
with the aid of a dissecting lens such as is furnished with a
Reichert dissecting microseope. This lens answered every pur-
pose so far as determining the species of the crustacea, except
that I could not distinguish with certainty D. minuius from D.
sicilis. As the object of the counting was mainly to determine
distribution, the fact that I did not distinguish between these
species was of little importance, as their habits are the same.
In every case, however, a test of the collection was carefully ex-
amined under the compound microscope, and in this way afairly
accurate idea was obtained of the seasonal distribution of these
species, and notes were made also in regard to the occurrence
of other smaller organisms. No attempt, however, was made
to keep any record of diatoms,

The accuracy of this method of counting was carefully tested,
and the amount of error was found very small,—so small that I
do not think the general results would be appreciably affected.
As stated before, it is very doubtful if the method could be
applied so successfully to plankton rich lakes.

These results were afterwards reduced to percentages in order
to show the relative abundance in vertical distribution.

In the following table I have tabulated the conditions under
which the various collections were made. The table is, in the
main, self-explanatory. To indicate the condition of the surface
I have used four terms, “smooth, ripples, waves, and rough.”

In the tables given for the various species the “total " column
indicates the actual number obtained in my dredge. These
numbers might easily be reduced to give the actual number
per square meter by multiplying by the coefficient of the dredge,
but my object was simply to get comparative results, and, as
indicated later in this paper, I myself have only limited confi-
dence in the value of plankton determinations. In the columns
following “total" are given the percentages found for every five
meters of depth.
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DIAPTOMUS.
Per cent.
No. |Total
of Coll.| No.
0-5 | 5-10 | 10-15| 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40—

1.94..| 3,912| 58.64| 11.63| 12.48; 7.16] 1.23| 5.:11} 1.43( 1.02( 1.23
4.94..| 5,630] 60.25| 24.58| T7.18| 2.34] 3.81 .85( .78[ .78 43
5.94..1 4,171| 72.50| 14.67| 3.93{ 4.22) .57 2.22] .86| .T7 26
6.94..| 4,382 73.80| 16.00[ 4. 3.40] .73 32| 1.40{ .29|......
7.94..) 2,023 46.27| 20.56| 11.86] 12.46/ 2.37| 1.98] 1.19 .34 2.97
8.94..] 4,585| 68.57| 20.54 4.62] 2.62 .26 59| 1.22 .87 70
10.94..] 4,040| 28.61| 26.93| 31.78| 7.82] 2.77 74 .79 .37 17
11.94..] 3,991| 54.92| 14.88! 17.24| 3.66] 1.05 7.02 .45 .50 28
12.94..| 6,439| 36.77| 19.32| 17.52| 6.21] 13.36| 5.60| .77| .25 20
13.94..] 4,611} 57.73| 13.54| 16.39| 5.12{ 5.29| 1.34 .15 .24 19
14.94..] 4,347! 45.73| 19.05{ 23,92 7.72( 1.84] 1.14] .11 .25 18
15.94..| 3,466| 46.39( 27.81| 14.19| 9.81 5 .38 .69 20
16.94..| 1,763| 59.44[ 17.92| 13.16] 4.36| 3.18 28 A7 1 79
17.94..; 1,542| 71.92| 17.38] 4.60| 3.76 .58 39 .52 .26 39
18.94..| 1,386| 80.81] 4.97| 10.39| 1.44 .58 36| 1.01 .01 43
19.94. .| 1,464{...... I -~ | | o L e e
20.94..| 2,197| 69.17| 18.02| 15.66| 1.86| 2.82] 1.91 .04 36 .13
21.94,.| 1,917| 35.89| 27.33| 25.45| 4.23| 2.87| 2.39] 1.15 58 11
22.94..| 3,823 60.27| 24.48] 9.62( 3.19 71 1.59]  .18|...... .05
24.94..) 1,972) 65.72| 12.99| 10.34| 6.23| 1.17| 2.13 .56 .61 .25
25.94..| 1,695 63.30| 28. 2.53| 1.35| 2.80 .70 .18 .10 10
26.94.. 77.83| 12.22| 1.81| 1.47| 1.36| 2.37| 1.36 .90 68
27.94..| 6,447} 28.29( 21.98; 25.56! 13.57| 9.06 .85 .39 .16 5
929.94..] 1,192 40.60( 10.73| 11.41| 6.03| 7.06| 10.73| 4.03| 6.72| 2.69
1.95..] 1,374| 27.80| 7.57| 22.13| 7.57| 2.04; b5.53| 7.57| 13.68] 6.1l
2.95..| 1,947| 28.35! 9.86| 2.67| 18.02| 27.94| 4.11| 2.92) 4.7} 1.43
3.95..| 2,742| 68.27] 4.67| 4.52| 2.77| 4.82| 3.50| 5.11| 3.87| 2.47
4.095. 676 14201 17.75 22.49( 13.02| 8.88| 7.69| 12.42{ 3.55...... ]
5.95.. 686 35.27| 9.91| 14.58| 6.99| 5.25| 11.67| 9.04| 5.25| 2.04
6.95.. 694 29.39| 18.44| 23.05| 8.07| 4.61| 6.48 .14| 5.76| 4.03
7.95.. 286 69| 15.39| 14.69| 5.59] 15.39| 24.48| 16.08| 3.50| 4.19
8.95.. 295 1.36| 10.85| 23.73| 10.51] 11.19| 16.27| 7.46| 11.51; 47.11
9.95.. 576| 44.44| 22.92| 4.16| 10.41] 6.08| 4.51| 2.60( 2.79| 2.79
10.95..| 1,845 66.88| 22.98| 6.08 16| 1.30| .38 1.30| .65 .27
col i R N R e T Yo T ERuni e
12.95..| 2,950| 40.68| 29.29| 14.10| 10.31| 1.62| 3.12 47 .14 27
13.95..| 2,612| 21.44| 18.07) 19.91| 14.70{ 7.66| 5.5l 4.90| 4.59| 3.22
14.95..| 3,039| 54.72| 22.51] 5.79| 7.63| 4.21] 1.71 .66| 1.45| 1.32
15.95..| 2,605| 37.77| 24.57| 12.59| 6.45| 9.52| 1.84| 2.46/ 4.15 .65
16.95..| 1,748 34.32| 35.69| 18.31| 4.12| 1.83| 1.38 1.14] 2.75 .46
17.95..| 1,813| 10.59| 43.35| 33.54| 4.85| 4.86 1.27 .88 .67
18.95..| 1,667| 51.35| 10.32| 11.52| 18.23| 7.32 .72 .36 .18
19.95.. 647| 42.04| 3.71| 1.24| 21.02| 17.93| 8.65| 3.71] 1.70
20.95.. 520| 33.85| 17.69| 5.38[ 9.23| 6.92| 10.77| 12.31| 3.85
1.96.. 485|...... 19.79| 4.95| 3.30| 36.28| 13.20| 17.53| 1.65
2.96..| 1,324| 25.98| 11.48| 10.88| 12.08| 23.56| 7.25| 1.81| 3.33
3.96.. 99| 35.43| 23.32( 11.88| 9.42] 6.28| 5.38| 5.38) 2.24
5.96..| 1,712| 74.77| 5.61] 5.84] 2.57] .82 2.10( 4.91 1.87
6.96.. 297| 33.67| 10.77| 33.67] 5.39] 2.70| 4.04| 4.71] 3.37
7.96..| 2,712| 36.87| 50.44| 9.44| 1.62 .89 .30 .29 .11
8.96..| 3,044| 27.59' 47.83! 13.14| 3.68] 3.71 .65/ 1,70 .78
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DIAPTOMUS — continued.

Per cent.
No. [Total
of Coll.| No. ' )
0-5 | 5-10 | 10-15 [ 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40—

9.96..! 2,392| 56.52| 25.09| 10.70| 5.02 .75 .50 25 A2 1.05
10.96..| 2,354| 39.50| 33.30| 8.84| 6.12 .25 69| 1.44| 4.76] 5.10
11.96..| 2,793| 36.17) 24.63] 28.07| 2.72 .46 1.25 .68 4.80| 1.22
12.96..| 3,612| 47.84] 37.65| 9.74] 2.99 300 .17 .15 A7 .39
13.96..| 2,508( 30.30| 47.53| 10.84| 1.60, 5.58 .56 44 2,99 .16
14.96..| 3,803 ¢ 19.99| 6.42; 3.10(...... 2.84| 2.52 .26 71
15.96..1 1,563 98.91 1 I F— .06 .19 .13 A9 .39
16.96..( 4,785| 62.90{ 9.01f 18.06| 1.25| 2.01 2.67| 1.33| 2.17 .60
17.96..| 4,933| 41.60| 28.81| 19.62| 1.87 2.59 .67 .89 2.27| 1.78
18.96..| 5,646| 70.86 42| 15.02( 4.85 .49 .98 4.83 18] 1.77
19.96..| 4,766| 46.37| 33.02] 6.73| 3.35| 2.35| 3.02| 3.86 1.09 21
20.96..| 5,248| 59,18 21.80] 6.25| 1.22| 2.04| 3.43| 4.08] .69 .01
21.96..( 3,772| 54.72| 26.73] 14.21| 1.06 .95 1.01 .64 131 .50
22.96..| 4,229| 45.40( 19.11] 23.22| 9.27| 2.46 11 .31 .07 .05
23.96..| 4,736| 78.21| 7.43| 8.96| 4.39 .46 .25 .13| - .13 .04
24.96..| 1,527 54.49| 16.76| 23.58| 4.19 .26 .20 .13 .26 .13
25.96..| 746| 18.23| 7.51| 6.43] 15.55| 16.09| 23.59| 7.50| .3.76| 1.34
26.96.. 490(in 0-20| meter|s.

27.96.. 762 42. 7.35| 9.98] 6.30] 4.20{ 5.77| 6.29] 15.75| 2.36

A glance at Pl. VII will show that Diaptomus has a strongly
marked minimum of occurrence in December and in January.
There is an increase in February and March, but in both 1895
and 1896, the number in May was very small. Diapfomus ap-
pears to reach its maximum in the latter part of September and
October, In the fall months, the collections consist mostly of
mature forms. In the winter months most of them are immature.
From the latter part of March to the latter part of May, nearly
all are mature, and the females egg-bearing. In June thereis a
great preponderance of larve.

Apstein ('96, 179 and following) states that the maximum
period of D. graciloides differs in different German lakes. The
time of the maximum occurrence of Green Lake Diaptomi as re-

corded above, does not agree with any of his observations.
Birge (Birge '95 p. 448) states that the maximum time of Diapfo-
musin Lake Mendota is in July. Inasmuch as Diaptomus is very
little affected by differences of temperature, as will be shown
later, T think these differences in maximum periods are prob-
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-ably caused by some differences in the development of food sup-
ply.

There are only two species of Diaptomus found in Green Lake,
— D. minutus and D. sicilis. In the counting no distinction
was made in regard to these species, but a slide was prepared
from each collection and examined under the compound micro-
secope and thus a rough idea obtained of the relative abundance
of the two forms. During Sept. and Oct. D. minutus was much
more abundant, In Sept. very few of D. sécilis were found. Dur-
ing October and November the relative number of D. sicilis in-
creases, and in the winter months the collections were almost
entirely of D. sicilis.

In 1894 I first found . sicilis in the collection of Sept. 28.
In 1895 it first appeared Oct. 5, and 1896 on Oct. 6. Although
I did not find this species in the summer months while T was
making my serial collections, I do not think that it was probably
entirely absent from the lake; for in 1890 and 1891 I found it in
summer collections, although I did not find it in 1892. (Marsh,
'93 p. 198.) I find, on looking over my notes of 1890 and 1891
that it was not numerous in those years, and I presume that it
occurs in the summer months, but only in very small numbers.
A reexamination of my notes on the Michigan copepods shows
that the same thing holds true there. In the collections made
by Professor Reighard in April, in Lake Michigan, D. sicilis
was always present, while in the summer collections in the
Great Lakes and Lake Michigan, D. minufus was the more com-
mon form, as I have already noted in my paper on Michigan
copepods, and D. sicilis oceurs rather infrequently, In
April and May D. minutus is entirely lacking in Green Lake,
but appears again in June.

Inasmuch as it is claimed by some that some copepods show a

seasonal dimorphism, one might raise the question whether we
did not here have a case of that kind. I do not think that
this is so, although I have not now material to fortify my be-
lief.
The Diaptoms are found at all depths, but in the deeper strata
only in small numbers. There were very few hauls in which I
13
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did not find some representatives of this genus in every five
meter stratum, and yet from sixty to seventy-five per cent.
were commonly in the upper ten meters.

In order to find out whether there was any difference in the
vertical distribution in summer and in winter I took the
averages in the upper three levels of collections 7.96 to 17.96
inclusive, and 24.94 to 3.95 inclusive. I took these years
because in 18945 I made a large number of collections in eold
weather, and in 1896 I made the largest number of collections
in warm weather.

The following table indicates the results:

05 5-10 10-15
Summer, 7.96-17.96. ... ...cc.n....| 4931 24.49 12.96
Winter, 28.9483.95. .. .cceeenneennns 50.02 13.50 10.12

It appears from these averages that the seasons make no
difference in the vertical distribution of Diaptomus, but that it
is uniform throughout the year.

Apstein comes to the same conclusion. (’96, p. 180.)

The day and night collections of October, 1894, compared as
follows:

0-5 5-10
3 2 G T R R RR P 59.44 18.42
124 11 R R T ceeeraneens 53.70 18.40

Here is no evidence of diurnal migration.

I think, then, that I am safe in saying that the vertical dis-
tribution of Diaptomus varies but little from one end of the
year to the other and is not appreciably affected by changes in
the amount of light.

Birge finds the same thing to be true of D. oregonensts.
(Birge, '95, 450.)
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EPISCHURA LACUSTRIS,

Per cent.
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EPISCHURA LACUSTRIS—continued.

Per cent.
No. |Total.
of Coll.| No. :
0-5 | 5-10 |10-15 | 15-20 | 20-25 | 25-30 | 30-35 35-40| 40—

10.96.. 140| 61.43| 34.29| 1.43 By | DA
11.96.. 131| 61.07| 7.63| 30.54 (] P
12.96.. 54, 44.44| 44.45 1111 ...... ] e o] e
13.96.. 30| 53.33| 13.33} 33.34|......]---.--
14.96.. 99| 27.59| 48.28| 20.68] 3.45(......
15.96.. 203, 99.01) .99|......0ceeeiefannans
16.96.. 397| 84.63 11.34] 4.03;......1......
17.96..| 333| 76.58! 21.32| 1.80 B0|viin
18.96.. 270| 91.48|...... 5.93 2.22|......
19.926..| 107 61.68| 37.38|...... o4l......
20.96.. 1000 28. | T2. (eeewcelsveaar|onenns
21.96.. 120| 46.66| 40. 18.84) . caales s
22.96. . 46| 34.79| 34.78| 26.09] 2.17| 2.17
93.96..! 150/ 69.33| 21.34| 5.34| 2.67|.....
24.96.. 46| 69.56] 15.22| 15.22'......|...- .-
25.96.. 98| 93.88[...... ...t 3.06] 1.02
26.96.. 9lin0.20/met’rs}. . ..o ]ieeero|oeines
27.96.. 41100, fo.eevefeneeac]eenar]iennnn

From the table it appears that Epischura occurs in the sum-
mer and fall months, with no very well defined time of maxi-
mum numbers. (See PL VIIL) The largest numbers obtained
at single hauls were 390 in the evening of October 9, 1894,
395 from a haul made through the ice on March 9, 1895, and
397 on August 24, 1896. In the March haul a large proportion
were larval forms. Epischura disappears entirely in the latter
part of March and does not appear again until June.

The number of my winter collections was, unfortunately, very
small, so that one must be very careful about drawing infer-
ences from them. But I think we may consider it fairly cer-
tain that Epischura is hatched from the egg in the winter,—
probably in February or the early part of March. This in itself
is a matter of some interest, as, so far as I know, there is no
previous record of the occurrence of any considerable number
of larval forms of Epischura.

1t is a curious fact that so soon after the appearance of the
larval forms, Epischura entirely disappears for several months.

1 will not in this paper hazard a conjecture as to the explana-




Marsh—Limnetic Crustacea of Green Lake. 197

tion of this, as I hope in a later paper to treat more fully upon
its life history after further researches.

So far as I know there have been no preceding observations
on the seasonal distribution of Epéschura. Its nearest European
relative is Heferocope, and this is stated by Apstein to occur
from the latter part of July into November, its maximum period
being in the summer. He does not record any time of the ap-
pearance of the larval forms.

In its vertical distribution, Epischura is largely confined to
the upper regions. While laboratory experiments would seem
to indicate that it avoids bright light, the averages of my col-
lections apparently show that it is more largely controlled by
the conditions of temperature. In my collections of August,
1893, T found 81 per cent. in the upper ten meters. The average
of the collections of 1894, extending from the latter part of Sep-
tember to the last of November was 53.11 per cent. in the upper
five meters and 19.52 per cent. from five to ten meters, thus
making 72.63 per cent in the upper ten meters. In order to com-
pare the distribution at different seasons, I computed the aver-
age percentages in the collections from the surface to five meters,
and from five meters to ten meters for J une; July and August,
1896, and from November, 1894 to April, 1895, with the following

results:

0-5 5-10 0-10

Winter, 42 .53 14.18 56.71
Summer, 60.55 28.51 89.06 .

This would seem to indicate that Epischura prefers the warmer
water, although it is by no means absent from the cold water of
the surface in the cold season. It occurred to me that if Eptschura
were, to a large extent, controlled in its vertical distribution
by conditions of temperature, there might be a diurnal migra.
tion caused by the cooling of the surface water at night, for the
surface responds quickly to changes in atmospheric temperature.
To determine whether any such effect would be produced, I com-
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pared the night and day collections of October, 1894. From
Oct. 6 to Oct. 24, I made five collections between six p. m. and
six a. m. Four of these were made between ten and twelve
o'clock, In these collections between six p. m. and six a. m.,
29.44 per cent. were between the surface and five meters, and
22.06 per cent. between five and ten, making 51.50 per cent. in
the upper ten meters.

In ten coilections made during the same period between six
a. m. and six p. m., 62.24 per cent. were between the surface and
five meters, and 18.67 per cent. between five and ten meters, or
80.91 per cent in the upper ten meters. The average of all the
collections made during this time was 51.31 per cent. from the
surface to five eters, and 19.80 per cent. from five to ten
meters, making 71.11 per cent. in the upper ten meters.

These results are contrary to my expectations, for I had sup-
posed that Epischura came to the surface at night. On the con-
trary, it appears that in October nights it migrates to greater
depths. It appearsto me probable that temperature is the con-
trolling cause of both its diurnal and seasonal migrations.

The fact that surface tows in summer evenings are sometimes
rich in Eprischau is, I think, in harmony with the statements
above. For while, as has been stated, Epischura prefers warm
water, it also 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 darkness of the evening, how-
ever, it is no longer repelled from the surface by the light, and
the change of temperature may not be sufficient to affect it.

In the 1893 collections, made in warm weather in the latter
part of August, three of the hauls were made between six at
night and six in the morning. In these three night hauls, there
was an average of 82 per cent. in the 0-b stratum, while the
average in the day hauls in the same stratum was 33.32 per
cent, .

The fact that Epischura comes to the surface in such large
numbers on warm summer nights may be accounted for by the
fact that it is a large species and a strong swimmer, and moves
toward the surface because of the greater amount of food mate-

rial there.
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LIMNOCALANUS MACRURUS,
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LIMNOCALANUS MACRURUS — Continued.

Per cent.

No. of [Total
Coll. | No.

0-5 | 5-10 | 10-15| 15-20; 20-25| 25-30| 30-35| 35-40! 40-

6.25] . 6.25| 43.75 43.75
5.88, 5.88|...... 5.88) 17.65 41.18
11 B3 1 | A pe, 11.12) 22.22| 44.44
13.79 3.45| 6.90| 44.83|......
13.34]. 19.98| 6.66| 26.68 26.68
wie ., lwsen e s lereares 66.68| 16.66
28.57 14.29 23.81) 9.52| 14.29
17.65 11.76] 14.71) 29.41| 20.59
28.57 5,71 11.43| 25.71}] 5.72
...... 11.76| 33.34| 25.49 15.69
8.11 5.41| 2.70| 16.21| 67.57
14.29] 28.57)......]...... 28.67| 28.57
2.94 11.76| 14.71| 17.65 35.30
3.85 3.85| 11.64| 7.69| 26.92
25, 30.36] 5.36)......[......
106 0-20 |met’rs
4.65 16.28) 9.30] 34.88! 9.30

Limnocalanus macrurus (see P1. IX) occurs in collections at all
times of the year, but never in very large numbers. The largest
single collection that I made was May 8, 1896. While the
numbers were very variable, I think I can say that it was
most abundant in the months of May and November, thus hav-
ing two maximum periods,— the spring period showing greater
numbers.

In February, March, and April most of the Limnocalani are
immature.

In its vertical distribution Limnocalanus is very interesting.
From May to November it is seldom found in the day time in
the upper five meters, and only in small numbers in the upper
ten. In the winter months it is found at all depths. Thus its
vertical distribution would seem to be controlled, in part, at

least, by temperature. It also seems to be somewhat sensitive
to light, for the night collections in 1894 show a greater number
near the surface. As these night collections were not extended
through the year, it would perhaps be unsafe to say that Lim-
nocalanus comes to the surface in the night, but it is certainly
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very significant that most of the evening collections show more
or less of this species in the 0-5 and 5-10 hauls,

The collections of November 14, 1896, seem to show quite con-
clusively the effect of light ou the vertical distribution of Lim-
nocalanus. On this date, the temperature of the surface was 45,
and that of the bottom 43, so that the temperature was practi- A
cally uniform through the whole depth of the water. In the
collection made at about four o’clock in the afternoon, Limnocalanus
was absent in the upper two and one-half meters, there was one
in the upper five meters, three in the layer from five to ten, two in
ten to fifteen, and an increasing number in the deeper layers.
In the evening, at about eight o’clock, there were two hundred
in the upper two and one-half meters, and a rapidly decreasing
number in the deeper layers, A surface tow taken in the eve-
aing consisted very largely of Limnocalanus. '

I think we can state with positiveness from these observations
that Limnocalanus is repelled by the higher temperature of the
surface waters in summer, and is also repelled by light. There
is a further question, however, which it is not so easy to
answer, and that is the positive reason of the vertical migration.
Why do they approach the surface when there is neither a high
temperature or light to repel them. It occurred to me that pos-
sibly, while they are repelled by bright light, they may be
attracted by a faint light, like that of the moon. A comparison
of the collections of cloudy and moonlight nights, however,
shows no essential difference.

It is possible that the more highly aerated surface waters may
attract them; this is not probable, however, for the fact that
during such a large portion of the year they are found in deeper
water would seem to imply that they are adapted to the some-
what stagnant conditions of those waters. It seems to me most
probable that the larger food supply of the surface waters is the
main cause of the vertical migration.

The relation of Limnocalanus to the *sprungschicht " is inter-
esting. Unfortunately I have been able to make temperature
determinations for only the surface and bottom, so that I do
not know the position of the “sprungschicht” in Green Lake
at different periods of the year. By the kindness of Prof. BE. A.
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Birge a set of serial temperatures was taken with the thermo-
phone September 3, 1896, which seemed to show that at that
time the “sprungschicht” was located at about fourteen meters
below the surface. Probably its location does not change ma-
terially during the summer months. In looking over the collec-
tion of Limnocalonus, I find that during the summer months it
is found mostly below the fifteen meter level, its distribution
becoming gradually more general in the fall, and continuing so
until the late spring. This leads me to infer that the vertical
distribution of the Linnocalanus varies nearly as the “sprung-
schicht” varies.

C. brevispinosus did not occur in large numbers in any of the
serial collections. The largest number obtained at one time:
was 291, on June 6, 1895. In both 1895 and 1896 its occurrence
was confined almost entirely to the month of June. It was found
in both May and July, but only in small numbers. At other
times I have found it in Green Lake in August, but it must be
comparatively rare at that time, for in my serial collections in
1893 I did not find a single individual. I have found it in the
Michigan lakes,too, in July and August. :

In regard to its vertical distribution, it appears to be most
abundant from five to twenty meters in depth. In the upper
five meters only a few are found, and they do not go below 20
to 25 meters to any extent. '
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CYCLOPE BREVISPINOSUS.

C. brevispinosus not present in collections from 1.94 to 6.95.

Per cent.
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CYCLOPS FLUVIATILIS.

Per cent.
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CYCLOPS FLUVIATILIS—continued.

Per cent.
Total
No. |

0-5 | 5-10 | 10-15| 15-20 20-25| 25-30| 30-35| 35-40, 40-

..| 423| 92.67| 1.18| 2.83 2.84 . | (S — L DR
11.96.. 607 96.21] 2.63|......[|...... 49 17 16 34......
12.96..| 546/ B85.35| 13.19| .73|...... 19 18 18|...... 18
13.96.. 182 39.56| 39.56| 17.58| 3.30|......|cceevifeureni]iiiiii]ininn,
14.96 153| 31.37| 3L.37| 33.99] 3.2T|......0......

b
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17.96 474| 18.57| 8.44| 60.76| 10.97 84 T
18.96 368| 32.61 54| 34.78( 30.44 54 | N .82
19.96 525; 50.29| 4.57| 13.71| 16,76/ 3.81| 3.05 7.62 19|......
20.96 619| 51.70{ 11.63| 28.43| 3.23|...... 3.23] 1.62...... .16
21.96 369| 23.85| 19.52) 32.52) 18.43| 2.17 27| 1.64 55 1.09
22.96 489 29.45| 11.45| 8.18| 32.72| 16.36 82 61 41f. oy
23.96 396| 51.01| 12.12| 14.14| 2248 .25/......0.ccvilevennifennnnn
24 .96 253 98.46| 17.39| 22.13| 25.30, 277 i ¢ | I 3.56......
25.96 342| 25.73| 12.86; 4.68{ 819 7.02] 4.68 18.72| 7.60| 10.52
26.96 312| in | 0-20 | mete|rs.

27.96 400; 10. 8. 8. 14. 42, 2 6 2 TTER

C. Auviatilis (see Pl X) occurs in the collections during
the whole year, and generally in considerable numbers, The
maximum seems to be reached in the months of October and No-
vember, although in 1896 quite large collections were made
in July, and the smallest collections were made in the months
of May and June.

C. fluviatilis is found in greater or smaller numbers at all
depths, but is far the most abundant near the surface, the greater
part of the collection being ordinarily within ten meters of the
surface, and below twenty-five meters very few are found. In
many cases more than fifty per cent. were in the upper five
meters. In the winter collections, however, the numbers at the )
surface were smaller, and the bulk of the collection was fre-
quently in the intermediate regions, between ten and thirty
meters. There are apparent exceptions to this, however, as in
3.95, where 54 percent. were in the upper five meters. But in
this case the remaining fifty per cent. was distributed pretty
evenly through the deeper regions.

In order to determine with some degree of exactness the dif-
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ference in vertical distribution in cold weather as compared
with that in warm weather I averaged the percentages in the
upper five divisions from June until September, 1896, —7.96 to
17.96 inclusive,—and from November to April, 1895,—24.94 to
3.95 inclusive,— with the following results:

0-5 | 5-10 | 10-15| 15-20

7.96 to 17.96 —warm weather. 70.80| 10.85{ 14.50, 2.17| .48
24 .94 t0 3.95— cold weather...........| 38.47| 14,11| 11.38| 14.51] 10.17

It is evident from these figures that there is a marked dif-
ference in the vertical distribution in warm and in cold weather.
Nearly 71 per cent. in warm weather are in the upper five
meters, while the upper fifteen include 96.15 per cent. In cold
weather, on the other hand, only 38.47 per cent. are in the upper
five meters, and below that they are somewhat evenly distributed.

To determine the difference between day and night I averaged
the five hauls in October, 1894, which were taken between six
p- m. and six a m., and compared them with ten hauls taken
in the same month between six a. m. and six p. m. The fol-
lowing was the result:

0-5 | 5-10 | 10-15; 15-20

Night hauls 24.57) 13.28| 26.84| 19.72
Day hauls 29.27( 19.88| 18.72| 23.58

It will be seen that the percentages are very similar, and I
infer that there is no appreciable diurnal migration. I con-
clude from this that they are not very sensitive to changes in
the amount of light. I take it, too, that while they are affected
by changes of temperature, they arenot very sensitive to such
changes, or a larger proportion would be found in the warmer
deep water in the winter. C. fluviatilis, in this respect, differs
very markedly from Epischura lacustris, which not only has a more
pronounced seasonal migration, but moves vertically in accord-
ance with diurnal changes of temperature in the surface water
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LEPTODORA HYALINA.

Per cent.

=]
4

FBwaopom
RRERRERI

ot
[
=]
W=

No Leptodo
16.67

[
[y =l )

ot
N

B R R R R R R R R R RRRR R RRRRERES
E Smmmm

R B EEE S EE ke S cmanmwon!




208 Marsh— Limnetic Crustacea of Green Lake.

With the exception of three individuals in the collection of
March 27, 1895, I found no Leplodora from the latter part of
October to the middle of June. It was present pretiy generally
in the summer collections, but never in very large numbers,
The largest number that I obtained in any collection was
twenty-four.

In its vertical distribution, Leptodora is commonly within ten
meters of the surface. I have found individuals at a depth of
between twenty-five and thirty meters, but it is not a common
occurrence. _

Leptodora was never present in sufficient numbers in my col-
lections so that I could draw any inferences in regard to the
effect changes of temperature would have on its vertical distri-
bution.

It will be noticed that my observations in regard to the sea-

sonal distribution of Leptodora correspond very closely with
what Zacharias says of Leptodora in Ploener See, for he states
that it disappears in the course of the month of October, and
appears again towards the end of May. (Zacharias, '94, p. 100.

Also, Apstein ’96, p. 175. Frigand Vavra, '94, pp. 55, 108.)

Apstein ('96, p. 80) states that Leptodora is found most abun-
dantly in the deep water. This is certainly not according to my
observations, as they would indicate that it should rather be
considered a surface form, although it is by no means confined
to the immediate surface. As Apstein does not state what he
means by deep water in this case, the seeming contradiction in
our observations may be more apparent than real.
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DAPHNIA KAHLBERGIENSIS,
Per cent.

No. |Total
of Coll.| No. | o o | 5 10 [10-15| 15-20| 20-25 | 25-30 | 30-85 | 3540 | 40-
1.94..| 292| 60.27] 24.66] 13.70|.... .. 1.03...... B,
494" 3712 6.45 23.66 22.58| 11.83] 12.90| 6.45] 5.01 8.60| 1.6l
5.94..| 377| 25.47| 21.29| 20.16| 16.97| 3.18| 6.37] 4.24| 2.12| .27
6.94. .| 419 39.14| 21.95.10.50! 15.28| 9.55| 3.34| .24|......|......
7.04.| 419 43.91| 3055/ 16.23| 1.91| 3.82|...... o4l 3.34
8.04 .| 345 46.38| 32.47| 14.49] 2.90| .58|...... 2.31] 58| .20
10.94..| 353| 31.76| 37.30| 14.73| 6.79| 3.40| '1.98| 1.70| 1.70| .59
1104 .| 414] 46.37| 13.53| 27.06| 7.24| 1.03 1.23| .25| 1.50| .25
12,94 | 571] 39.23 23.12! 16.81] 6.30| 2.80| 10.51| .70 .52|......
1304 '| 641| 77.38| 16.85| 2.48| 1.23| .62| .31 .16]...... .96
14.94. | 495 29.09| 22.63| 21.82| 18501 7.27| .20| 20| .20|......
15.94. | 303 40.59| 36.96] 13.20{ 5.21] 1.32......| .33 1.8 .33
16,94 .| 140 6285 21.43| 10. | 357 7| 1.42|......0...o. ...
1794 | o7 24.74 47.42) 4.120.20.65)...0 . leenrn|ininss i.0i| 101
18.94..| 248l 77.41| 8.07| 9.84| 1.61| 1l6i|....- 16l
2004, .| 239] 65.52) 12.07| 17.24] 5.17... ... ..ol
21.94..| 236 28 81| 35.59| 22.03 10.13| .d2|...... Y| T
22,94, | 320 48.75| 37.50| 6.25| 5.62| .94 .63 .B1|......lieii..
24.94..| 105| 51.43| 22.86| 11.43| 7.62| 5.71|...... 5 IR IS
95.94..| 106| 56.60| 18.90| 2.80| .90| 20. 90l ... |
96.04..| o0 80.01| 7.78 4.44| 3.3 1.11|...... 2.99 "1.11f.. .00,
o7.04.| o49| 52.07| 6.65| 23.14| 1281 4.54| 41| .41|......|[ .0
29.04. | 58 62.07| 5.17| 12.07| 3.45...... 1,72 1.73|13.79| . 0 .
1.95.. 2 FUOOY FUURO SR DR IR I 3. |eiiin
2.95. . ol 100.
3095, B6I100. |l
405 | N PO O
5.95.. S 10T T DR DURE IORY DU Y s S ——-,
6.95.. ol ..o C Y 50. fuiiin | ! o
20530 U FOURUN IDROREY DU IORUNN PSSR RNt R R
8.95..| o5l 39, e, | AL
9.95.. 9. =0 T RO My e 7 I [, iy
10.95..| 49|'81.63 16.33].. ... srodl. Ll
11.95..| 33! 3,03 48.49|...... a8.48|. L
12.95..| 91| 8.79 70.33| '3.30| 17.58|.... ..o i ole i
13.95..| 137...... 20.20| 52.57| 8.76| 2.92| 5.84| .73[...... A
14.95..| 89(......135.95| 35.96| 8.99| 3.37 13.48|...... 3.95(. .0,
15.95..| 182 ... 4.39| 35.16| 6.59| 26.37| 13.19| 13.19{ 1.10|......
16.95..| 98|'98.57 57.14] 7.15| 7.14|......[......|.
17.95.. 57| 5.26 70.18] 7.02| 7.02| 10.52( .. .. RN U IR
18.95..| 170| 42.35] 9.41| 9.41| 32.94| 4.71| 1.18(. ... il
19.95..| 131| 48.85 12.21| 3.05| 24.43|...... 6.12| 4.58] 76|.... .
20.95. . 715734 14.98)....0. ennn| 2858|0000
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DAPHNIA KAHLBERGIENSIS.

D. kahlbergiensis did not occur in the collections from 1.96 to 7.96.

of%?,h Total| o5 | 5-10 | 10-15|15-20 | 20-25 | 25-30 | 30-35| 3540 | 40-
8.96..| 40| 7.50 60. | 20. | 10. | 250[c...eufeerniifeeeiii]urnnnn
o6 | 295 42.67| 17.78] 2134 1777 .44|...ill|illll. o] e
q0.96..| 129 37.21| 1860 15.50| 24.81] .78[...... 186000 15
16| 7l 1127 56.34| 16,90 .04 141 4.22...... 2.890......
1296 | 325| 39.38! 29.54| 24.62| 6.15...... T S 30|
1396, 84| 14.90] 19.05 47.62 952 952l .. il ]
14.96..0  32...... 62.50] B7.50|. .- enleeonanlonnns SR ISRNUN IRNets
15.96. . So. | 90. | 20.""| 4.
16.96..| 108...... P IS T RES I T R N (PO O PO
17.96..| 68/...... 5.88| 35.300 35.20| 22.08[......[...... L { O
18.96..| 73| 21.92...... 32.88! 35.62| 6.85 137 1.36|......[......
19.96..| 86l 3791 27.91...... 9.30| 10.46| 13.96] 116(......[. ...
20 96..| 92| 6087 8.0 6.52| 4.35 13.04 3.26 217 1.09|......
51 96| o4 3a.04| 4955 851 851 107 426 1.06......[......
\ 22.96.. 78| 10.26| 30,77 35.80| 12.82| 3.85| 2.57| 2.56 1.28|......
s 9306, | 993 46.19] 17.94| 17.94| 1076| 538 .89 .45|...... 45
2196 .| 72| 13.88| 22.23 33.34| 27.78l.. ... X (U IOV I .
\ 9596 | 61 50.02) 26.23 6.56 6.55| 1.68[......|eeecei|ieeiiifiine
; 26°96..| 102| in | 0-20 |met'rs
, 57 96,1 16| 18.75| 25. | 12.50| 6.25 12.50] 2. [......foeeiiifennnnn

| During the fall of 1894 (see PL XI) the collections of
Daphnia kahlbergiensis were quite uniform in amount, reaching
a maximum in the latter part of October. ~During the winter
the number was very small, and they did not become numerous
again until June. There is a fall maximum again in 1895 in
the latter part of October, but, curiously, the total numbers
collected during the fall of 1895 are much smaller than in 1894,
During the winter and spring of 1896 Daphnia was entirely ab-
sent from the collections. They appear again about the middle
of May, and the largest collections of the year were made from
June 29 to July 27. In August and September the collections
were rather small, but the number became larger the latter part
of October as in the preceding years.

Apstein (’96, p. 170) states that the species of Daphnia reach
their maximum in August, but that D. cederstroemiis somewhat

later, so that it would appear that my results in regard to the
seasonal distribution of Daphnia do not agree very closely with
his. It is probable that the various species of Daphnia may
differ considerable in their periods of maximum occurrence.
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Daphnia may be found at all depths, but is most numerous in
the upper ten meters. In some cases, however, more than fifty
per cent. of the catch is below the twenty meter line.

Very few Daphnias occur in winter, and I could not distinguish
any effect of season on distribution.

The averages of the day and night hauls of '94 were as fol-
lows:

0-5 5-10 10-15
Day, Oct. "94......c.voivinaa.... 38.39 24.43 15.40
Night, Oct. *94.........ccoivnnnnnn. 54.48 23.01 13.46

These averages would seem to indicate a movement towards
‘the surface at night. I am not sure that this inference is war-
ranted, however, for the averages are of numbers with wide

limits of variation, and I accept the conclusion with consider-
able doubt.

BOSMINA,
Per cent.
No. | Total
of Coll.| No.

i 0-5 | 5-10 | 10-15| 15-20 20-25| 25-30/ 30-35| 35-40| 40-
1.94.. I N e o g e ey IOV "N I (J— Vs
4.94. 57| 56.14| 14.04( 21.05 7. 1.75)...... ORI IR P
5.94..| 112 71.43| 17.86 T.14| 3.57|......|eeeees|vereoilonnipiitots
6.94.. 98| 65.31| 16.33] 4.08| 12.24...... 1.02] 1.02......0......
7.94.. 26| 11.54| 61.54] 7.69 8.85......fveeee]eniii]oninn, 15.38
8.94.. 95| 42.12| 29,47 22.15( 4.21...... 1.05]......].... B —
10.94.. 57} 42.10( 28.08| 3.51| 21.06|...... L5751 | R PR B,
11.94.. 106| 75.47) 7.55| .94)...... g R [
12.94..] 280{ 31.43| 10, | 34.29| 5.71| 10 BiBT cnpwen| sl nasinns
13.94.. 64| 37.50; 6.25 18.75 9.37/ 25. |......|...... —— 1 -
14 .94.. 40( 20. . | 20. 10 Lo,
15.94.. 85| 47.06| 28.24| 9.41| 14.12|......|...... i P Iy | D
16.94.. 51| 78.43| 3.92| 5.88 3.92...... 5.88]...... o 1.96
17.94.. T 77.92| 6.49| 6.49 5.19) 1.29(......1...... .| 2.59
18.94..| 212 75.47| 11.32| 13.11}...... NSO ISR, NN | SO,
20.94.. 64| 56.25| 6.25) 28.12| 6.25| 3.13[......[......|..... .00
21.94.. 37| 13.51] 43.24] 43.24...._.|......]......|.... ey I AN
22.94.. 72| 38.88/ 50. 5.55| 2.78| 1.39| 1.39|......|......|......
24.94..| 151 70.20{ 13.25| 10.59| 3.81| 2.65|......0......|.. o000 .
25.94..| 115 70. |15 6.10| 5.20/ 1.70| 1.70] 1., |......|......
26.94..1 257 80.93' 12.45] 1.55| 1.95' 1.56 39..... 39, 8
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Bosmina (see Pl XII) was present at all times of the year.
In only one collection during something over two years,— that
of May 4th, 1896,—did I fail to find some individuals of this
genus. Its time of maximum occurrence is in November. The
numbers found in successive collections vary within very wide
limits. For instance, Oct. 20, 1894, in a collection made
between 2:15 and 3:15 p. m., I found only seven individuals,
while in a collection made about two hours later, I found 212;
and yet the conditions were apparently precisely the same.

In regard to its vertical distribution, its home is in the upper
layers, although it is found occasionally at all depths.

In order to determine whether there was any difference in the
vertical distribution at different seasons, I averaged the sum-
mer collections of 1896, from June to September,— 7.96 to 17.96
inclusive,— and the winter collections of 1894-5 from November
to April,—24.94 to 3.95 inclusive, with results as follows:

0-5 5-10 10-15 | 15-20

Winter, 24.94 t0 3.95..........ccv.ul 61.07 10.89 [ 8.08 7.60
Summer, 7.96t017.96........c0ivunnn 78.18 5.06 | 3.02 9.91

While this would indicate a somewhat larger percentage in
the 0-5 layer in summer, the difference is not very marked,
and we may say that the vertical distribution is very little
affected by the changes of season.

The averages of the night collections of 1894 compare with
those of the day collections as follows:

05 | 510 | 10-15| 15-20

Night ..ccasvsnmveinsimssinn s 35.97 | 22.70 | 22.20 | 5.88
DAY wowsvvonian swvmasmsmemnavesnsass | 00:08:) 18.38 9.16 | 7.71

These figures would indicate that there is a distinetly larger
number in the 0-5 layer in the day time than in the night, and I
infer that is attracted, to some extent, at least, by the light.
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DAPHNELLA.

Per cent.
Total

No.
of Coll.| No.
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DAPHNELLA—continued,

Per cent.
No, |Total
of Coll.| No.

0-5 | 5-10 |10-15 (15 20| 20-25|25-30 | 30-35 | 35-40 | 40—
15.96..| 201) 99.50|......0.00cce] veiuii]iennns B isvrslvavameli, wns
16.96..| 141| 56.74| 31.21| 8.561)......0....-. 2.12] 1.42|......0......
17.96..] 143) 2.80| 5.59( 89.51] 1.40,...... 1) OVRVISHS, R S
18.96.. 65| 73.85] 24.61......]...... B 19% > T AR AU PP R
19.96..] 211) 15.16 51.87] 26.54 95...... L2 { DAY (R N
20.96.. 88| 54.55(:86.96] . 9.00:svuns| svin svmnannd e salessssnleses
21.96.. 2218 18] 4645 86.37 ciwnwe|svion v cevaviesveisTo aisasese
22.96. . 1% 6687 8:8BL2E. [sswelssmmmfsmmemesmommfoamimeiamame
23.96.. 12| 8.34| 16.67| 8.34| 66.65|......0..c.ci]eenner]vrreeatennnan
24.96.. | S S R P e ey P
95,907 | vnves e b osamabsssseonssssirasee] sesessbessesliaen ievase
b1 Y O ERRISIN ARSI | IV ST TSN OB (PIRRRS [N SR S
by " O AR I AR SRRPPRS (RN PRV U PRI PRI R,

Daphnella is at its maximum in peint of numbers from about
the middle of August to the middle of September. From the
last of October to the last of June, very few are found. Only
in: one collection made during the winter months did I find any
Daphnella,—that of March 27, 1895, TFrig and Vavra ('94,
p. 103) state that Daphnella occurs from April to October. The
observations of Apstein ('96, p. 166) very nearly agree with
mine,

In regard to its vertical distribution, Dephnelle may be found
at any depth. By far the larger number, however, occur in the
upper layers, ordinarily from seventy to eighty per cent. being
found within ten or fifteen meters of the surface.

In order to get at the facts in regard to its vertical distribu-
tion, and possible migrations, I computed the average percent-
ages in the upper four or five levels for the day and night col-
lections of October, 1894, for the August collections,— all taken
in the daytime,— of 1896, for the September and October col-
lections of 1894, and for the collections of 1893, about twenty
in number, made within two or three days in the latter part of

August, with the following results:
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0-5 | 5-10 | 10-15| 1590

Angust; 1B98....covursmanisvis doanmvrasisvans 48.30| 30.60......|......

Aungust, 1896......ccuiiiiiiiiiiiiiiiiiiiaann. 39.27| 39.89, 19.60|......
September—October, 1894........¢ecvvveenn.. 52.01| 16.28] 15.46|......
October, 1894, day ..o. cvevienevnreceenrenecnns 38.28| 17.89! 16.54| 15.82
October, 1894, night..............c..ciivann. 69.07) 9.84 8.23 6.01

I do not think that the number of collections is large enough
to draw inferences final in character in regard to the vertical
distribution of Daphnelia, especially since the total number in
any collection is small. It would appear, however, that the up-
per five meters are more densely populated in September and
October than in August and that the number is also greaterin
the upper five meters in the night time than in fhe day time.
I do not feel like speaking in any dogmatic way in regard to
the interpretation of these facts, but I venture to suggest that
Daphnella is, in its vertical distribution, controlled rather by
light and darkness than by changes of temperature. If it were
very sensitive to changes of temperature the fact that it is
found in greater numbers near the surface at night than in the
day time, and also in greater numbers in September and Octo-
ber than in August would indicate a liking for cool water: but
if this liking were very pronounced, it would seem that it
would migrate deeper in August. If we suppose light to be
the controlling factor, we would explain the greater number
near the surface in September and October by the greater num-
ber of cloudy days in those months. Very likely the solution
of this problem is not so simple as my speculations would indi-
cate, and a satisfactory result can only be reached by a care-
fully conducted investigation in the laboratory of the behavior
of the animal under different conditions of light and tempera-
ture. It may be noticed that Apstein ('96, p. 79) states that
the time when the larger numbers are found at the surface, co-
incides with the time of total maximum numbers, a conclusion
quite the opposite of what my observations would indicate. It
does not appear, however, that his conclusions were based on
any large number of exact observations.
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GENERAL CONCLUSIONS IN REGARD TO VERTICAL DISTRIBUTION.

I had supposed that there was a gemeral movement of the
whole body of crustacea in such vertical migrations as existed.
It is evident that this is not the case, for the different kinds
have their individual peculiarities of distribution.

In the case of Diaptomus there is little or no vertical migra-
tion from any cause.

Epischura avoids bright light, and has a preference for warm
water, and shows both seasonal and diurnal migrations.

Limnocalanus is repelled by bright light and by a high tem-
perature, hence its diurnal migration is more pronounced in
cold weather.

Cyclops brevispinosus occurs most abundantly between five and
twenty meters in depth. I have no evidence in regard to its
diurnal migrations.

Cyclops fluviatilis has no diurnal migration, but in its seasonal
distribution shows a preference for the warmer water.

Leptodora is a surface form. 1 have no conclusive evidence
in regard to its diurnal migrations.

Daphnia kahlbergienses apparently moves towards the surface
at night. ;

There is no appreciable difference in the seasonal distribution
of Bosmina. There is a distinct diurnal m1gra.t10n due to its
attraction to light.

Daphnella has a~diurnal migration due to the fact that it is
repelled by light.

I cannot make out from my collections that the winds have
any effect on the vertical distribution of entomostraca. The dis-
tribution when the surface is roughened by waves seems to be
practically the same as when it is smooth. Neither is there
any marked difference between dark and moonlight nights.

It must be remembered, however, that all my collections were
at five meter intervals, and that there may be migrations within

these limits of which I have no indication. I know for instance
from surface tows that the immediate surface is almost entirely
devoid of entomostraca in the day time, but is populated in
enormous numbers in the night. There is evidently a very
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marked diurnal migration of most of the forms at the immedi-
ate surface, but it would take a series of collections at very short
intervals to determine the limits of this genera. movement.
These conclusions in regard to the surface phenomena are in
bharmony with the observations of Franeé ('94, p. 35) and
Birge ('95, p. 477).

THE HORIZONTAL DISTRIBUTION OF THE LIMNETIC CRUSTACEA,

The results of quantitative plankton determinations are en-
tirely dependent on the assumption that the horizontal distri-
bution of the plankton material is uniform. The laborious.
methods formulated by Hensen and his co-workers are founded
on the assumption that over wide stretches of the ocean thereis
a practical uniformity in the distribution of the plankton.
They believe that their investigations prove this assumption to
be & fact. Their theory, however, has not gained universal as-
sent. Haeckel (Haeckel, '90), among others, opposes it strongly.
The same question has arisen in regard to lakes, and here ithas
a great practical importance, for if we can assume the hori-
zontal uniformity of the plankton, then collections made in dif-
ferent lakes under similar conditions would furnish us accurate
means of comparing the lakes in regard to the richness of the
fauna and flora.

If this could be done, it would have a practical value in rela-
tion to the cultivation of fish, as we would expect that the lake
rich in plankton would be especially adapted to nourish large
numbers of fish. The question of horizontal uniformity of dis-
tribution in lakes has been actively discussed by many authors,
and thus far with no uniformity of conclusions, Apstein
(92, p. 491) expressed his conviction from the measure-
ments of plankton hauls and the counting of three comparative
collections, that the distribution of the plankton in fresh water
was practically uniform.

Frig and Vavra ('94, p. 118) come to a similar conclusion
from their researches on the Unter Pogernitzer Teich.

Francé (94, p. 34 ff.) from his investigations on Bala-
ton See comes to directly opposite conclusions, and says that
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the plankton is very unequally distributed, and that the organ-
isms occur in swarms,

Imhof (Imhof, '92) states that many of the organisms of the
plankton oceur in swarms.

Zacharias ('94, p. 129 fi.) enters into the subject in con-
siderable detail, and gives his reasons for believing that
the plankton is not uniformly distributed, one of his arguments'
being the very different character of the plankton at two dis-
tant points in Lake Plon, as determined by him.

Apstein again ('96, p. 51 ff.) takes up the question, and
argues it at length, maintaining his original position.

Reighard ('94, p. 38) concludes that the plankton in Lake St.
Clair and Lake Erie is distributed with great uniformity, and
finds no positive evidence of swarms.

Ward in his report on Lake Michigan (’96, p. 62), con-
cludes from his study of the plankton of that lake that there is
no evidence whatever for the existence of swarms,

In my preliminary report on vertical distribution in Green
Lake (Marsh, '94, p. 809) I stated that apparently the crustacea
were not uniformly distributed. The figures of my collections
of the past two years have served to confirm the opinion I ex-
pressed in 1894. It seems to me clear, that, so far as the crus-
tacea are concerned, the horizontal distribution is far from uni-
form, and inasmuch as the crustacea ordinarily form the larger
part of any plankton collection, it would follow that the distri-
bution of the plankton is not uniform.

It must be remembered that all my collections were made
from a buoy kept in one spot during the whole season, and in
successive seasons, an attempt was made to drop the anchor as
nearly as possible in the same spot. All collections, then, were
made from the same depth of water in any season, and in very
nearly the same depth in all the seasons. Now, if the distri-
bution of the crustacea were uniform, collections made for
the whole depth of water on the same day, or on successive days,
should show nearly the same numbers of each species. Of
course, if a species were rare, the fact that two or three indi-
viduals were found in one collection, and none in the next would
not invalidate the assumption of uniformity. Nor even incases
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where the numbers of a species were very large, would the fact
that a considerably larger number were found in one collection
~ than in another be any conclusive argument against the practi-
cal uniformity of distribution. Nor, on the other hand should
it be assumed, because two or three successive hauls show the
same, or nearly the same numbers, that the distribution is
therefore uniform, because this could be easily explained by sup-
posing that the swarm was of cousiderable extent or remained
stationary for a considerable period.

My collections made in 1893, which were reported in the for-
mer paper, were made almost continuously in the course of two
days. Now if the plankton is uniformly distributed, those collec-
tions should show a practical uniformity of numbers, and
the ‘more numerous a species was, the less should be the pro-
portional variation. Yet the collections of Diapfomus, the most
abundant genus, varied from 291 to 2,966. In many of the col-
lections made in the fall of 1894 on the same day, or successive
days, there was a marked uniformity in the numbers of Diaptomus,
as for example, nos. 4.94, 5.94 and 6.94 show a range of num-
bers only from 4,171 to 5,630. If one were to base his conclu-
sions on a small number of observations, he might well say that
here was clear evidence of uniformity. Yet a few hours later in
the same place I found only 2,023; with a difference as great as
this, we certainly cannot speak of the Digptomi as being uniform-
ly distributed. In hauls 21.94 and 22.94, made in the forenoon
of October 25, there was in one case 1,917 and in the other
3,823 —twice as many. Still more marked was the difference
in two collections, one made at about six p. m., and the other
between ten and eleven p. m., November 8. In the six o’clock
collection there were 884, while in the evening collection there
were 6,447. Such an enormous difference as this is certainly
not consistent with any theory of uniformity of distribution. In
these same two collections of November 8, Cyclops fluviatilis
showed a similar wide variation,— the numbers in the six o’clock
collection being 1,912, and in the evening collection being 564.
October 24 I found between ten and eleven o’clock in the even-
ing 1,241 C. fluviatilis, and yet the next morning between six
and seven o'clock, I found only 618.
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Limnocalanus is not a very good genus to consider in connec-
tion with this discussion, because it does not often occur in any
large numbers, It is significant, however, that in successive
hauls there were sometimes differences of from two to five hun-
dred per cent. On November 14, 1896, I found in a collection
made in the afternoon 56. In a collection made at about eight
o’clock the same evening, I found 200 in the upper two and one
half meters. In this case, curiously, the total number obtained
in the other hauls from the surface to twenty meters was only 106.

An examination of the numbers of the other species as col-
lected at similar times shows the same variations. None of
them, however, seem to me to furnish such conclusive evidence
as we get from Diaptomus and C. fluviatilis, because of the smaller
number involved.

Thus my results are in harmony with those obtained by
Zacharias and Francé. Inasmuch as one certainly would not
question the accuracy of the work of the observers who have
come to different conclusions, the question arises whether
there is any way of explaining such differences I think a
critical examination of their work and the inferences derived
from it will show that such an explanation is possible.

In the first place I would state my entire agreement with the
school of Hensen, that only by an enumeration of individuals
can we get at exact results in plankton work. Volumetric deter-
minations have a value in a general way, and may be used even
in comparing different bodies of water, but only with a large
allowance for the possibilities of error. Many of the difficulties
in this method of work have been well pointed out by Ward
himself. (Ward, '95a, p. 256 ff.). Most important is the differ-
ence in the time of subsidence due to the differences in the char-
acter of the plankton at different times and places. Some kinds
of material will remain suspended for an almost indefinite
period. Consequently, the volumetric method would rarely be
sufficiently accurate to indicate even very considerable differ-
ences in horizontal distribution. There are, also, questions in
regard to the accuracy of any gravimetric method that has yet
been devised, although the amount of error by this method must
be much less than by the volumetric method.
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As a second principle I would say that-only a long continued
series of observations on the same body of water will furnish swuf-
Jicient evidence of the uniformity or lack of uniformity in distri-
bution. Two or three, or even several parallel, or successive
collections do not furnish sufficient evidence.

Now, in criticising other observers, Fri¢ and Vavra appar-
ently determined the amount of plankton entirely by the method
of weighing. Reighard and Ward made their comparisons en-
tirely by the volumetric method, but in the results of both,
there were certain. discrepancies which could be most easily ex-
plained on the assumption that some of the organisms occurred
in swarms. (Reighard, '94, p. 37, Ward, '96, p. 63.)

Apstein bases his opinion largely on volumetric determina-
tions. He also furnishes an enumeration of individuals in three
parallel hauls in the Dobersdorfer See, and two sets of two each
in the Great Plomer See. These counts show a remarkable uni-
formity in the smaller organisms, but there is a considerable
variation in the numbers of the crustacea, the difference being
in many cases over 200 per cent. The only criticism one can make
of Apstein’s work is that the enumerations do ot include a suf-
ficient number of collections. While apparent uniformity in a
few collections would be presumptive proof of a general uni-
formity, a single well authenticated case of unequal distribu-
tion would overthrow any conclusions founded on such collec-
tions,

Both Apstein and Ward raise the question as to the defini-
tion of the term “swarm.” Now, it seems to me, the deter-
mination of the fact that limnetic organisms are or are not uni-
formly distributed is of first importance, and it makes very lit-
tle difference just what meaning shall be attached to the word
“swarm,” until this question is decided. Without doubt the
term has been used without any very exact meaning, as simply
indicating a greater or less local aggregation of organisms,
with very little thought of the cause of that aggregation, or of
the exact or even approximate density of population that should
be designated by the term.

Of course, as the result of my investigations I can speak only
of the crustacea, and not of the plankton as a whole, except as
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the plankton, in many cases, is very largely composed of crus-
tacea.

It seems to me that my collections clearly show that so far as
the crustacea are concerned, while parallel or successive
collections may show great similarity in numbers, they may, in
other cases vary within such wide limits as to make plankton
determinations unreliable, unless they are made from the aver-
age of a very large number of collections. Inasmuch as it is
practically impossible to take a sufficiently large number of col-
lections, it follows that plankton collections largely made of
crustacea, cannot be taken as giving the exact measure of the
productiveness of different bodies of water that some authors
would have us think. We may say, indeed, with reasonable
certainty, that one lake is much richer than another, but it
seems to me very doubtful if we can express their relative pro-
ductiveness by any definite numerical ratio.
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