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THE BOTTOM FAUNA OF LAKE SIMCOE AND ITS
ROLE IN THE ECOLOGY OF THE LAKE

INTRODUCTION

A complete study of the bottom fauna and its inter-
relations is necessary to a fuller understanding of the ecology
of a lake and to an appreciation of its fisheries problems. It
was with this in mind that an investigation of Lake Simcoe was
begun in 1926 and was carried on during 1926-28. The
present paper embodies the results of this study, dealing with
the quantitative and qualitative aspects of the bottom fauna
with special reference to its ecological relations.

In the original plan the investigation was to include a
general biological survey of the lake in which the writer's
part was to be a study of the bottom fauna. As a result, the
work was organized on a somewhat different basis than if it
had been proposed as a study in itself. After the first season
it was found that the general survey could not be continued
and it was therefore necessary in the second and third summers
to devote considerable time to the collection of sufficient
physico-chemical, plankton and fisheries data with which to
interpret the results of the bottom fauna studies.

Lake Simcoe is of particular interest because it is inter-
mediate in size between Lake Nipigon and the smaller Amer-.
ican lakes in which the bottom fauna has been investigated.
As a result of its intermediate size the life conditions are also
intermediate and the ecological relations exemplified in Lake
Simcoe aid in an interpretation of these other lakes. .

The investigation of Lake Nipigon was undertaken l.n
1921 by the Ontario Fisheries Research Laboratory. ThIS
!ake was a type of large lake, in a young, rocky country with
Its fisheries in an almost virgin condition. Lake Simcoe, on
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the other hand, is a lake of intermediate size in a sedi
region and with its fisheries somewhat depleted. Fi~.nta~
Lake Simcoe has included game fishing and some cor:. tng.tn
fishing, a situation which has resulted in considerab:ne~;lal
culty in the fish cultural policy, a difficulty which is ad~ dffi-
by the unusual fishing methods employed in the lake. e to

A preliminary report published in this series (Raw
1928) deals with the result of the first season's work. t~~'
largely superseded by the present account which is more c IS

1 . 11 om.pete m a respects.
The investigation has been made possible by the supe .

vision of members of the Ontario Fisheries Research Labo~.
atory and others of the staff of the Department of Biology
in the University of Toronto. Special thanks are due to
Professors B. A. Bensley and W. J. K. Harkness for their kind
assistance. In the early part of the work the writer was for-
tunate in having financial assistance from and the co-opera-
tion of the Biological staff of the Ontario Department of
Game and Fisheries. Further thanks are due to the National
Research Council for financial aid, to the Provincial Board of
Health for certain chemical analyses and to specialists who
identified certain of the organisms collected in the lake.

6

HISTORY OF BOTTOM FAUNA INVESTIGATION

Fresh-water biology as a definite study had its inception
not more than fifty years ago. Marine biology was by this
time well advanced, as instanced by the historic Challenger
expedition of 1872-76, and it is well known that in its early
development the fresh-water study received considerable
inspiration from this source.

Of the various branches of limnobiology, the plankto~
was first to achieve prominence, chiefly through the works?
Zacharias and Apstein, published in 1896. Early interest~n
the bottom inhabitants of lakes was aroused by Zschok;,
Van Hofsten and Ekman, who studied the fauna from t ts
depths of sub-alpine and Scandinavian lakes. Their inter.estowere chiefly taxonomic and distributional, leading them In
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the historr of animal geography and especially the study of
marine relicts.

In 1911, Ekman laid the foundation for modern bottom
fauna investigation when he devised a closing dredge to bring
up a known area of bottom. In the same year Petersen
described a similar apparatus for marine work. With
Ekman he shares the credit for introducing accurate sampling
methods, without which bottom fauna investigation could
have had only a limited development.

Following Ekman's paper of 1915, in which he published
the first results obtained by the new method, we find a great
increase in the number of investigators with a corresponding
diversity in the viewpoint and application of results. Since
the field has become too large to be adequately dealt with in
a brief sketch we may mention only the more important
tendencies and a few of the workers responsible for the present
status of the study.

Gunnar AIm (1922) made the first definite attempt to
correlate the amount of bottom fauna in a lake with its fish
production, a departure from Ekman's work which had been
rather distributional and ecological. In recent years European
workers have studied large numbers of lakes and have made
considerable progress in the study of lake types; Their divi-
sion of lakes is based both on the predominant species in the
bottom fauna and on the kind of bottom deposit found
therein. AIm in Sweden, Oldstadt in Norway, Jarnefelt in
Finland, and Lundbeck and Thienemann in Germany have
contributed to this field, so that some one hundred lakes have
been examined from the point of view of lake types.

In North America bottom fauna studies have been less
extensive, involving about ten lakes. Birge, in 1922, im-
proved the closing apparatus of the Ekman dredge, which was
used, in its modified form, by his associates Juday and Mutt-
kowski, in their work on Lake Mendota. Muttkowski (1918)
began with a study of the shallow water with special re~ere~ce
to the insects. Juday (1922) completed it by investigatmg
the fauna of the deeper water. In 1924, Juday published an
account of the fauna of Green lake, a small deep lake in Wis-
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consin. Richardson made a noteworthy contribution' .
study of the bottom fauna of the Illinois river and conn1n

~lS
. ~nglakes and In the subsequent records of changes in this f

due to increasing sewage pollution. A survey of the bo~~na
fauna of Oneida lake, in which the molluscs and their relat?rn
to fish were treated very thoroughly, was published by BakJon
in 1918. er

In Canada the work has been limited to an investigatio
of Lake Nipigon carried on by Adamstone, 1922-24, in con~
junction with the biological survey of the lake made by the
Ontario Fisheries Research Laboratory. This work is of par-
ticular interest in being an account of a very large, deep lake
quite unlike any other in which the bottom fauna has yet
been thoroughly investigated. Lake Simcoe, while small in
comparison with Nipigon, is relatively large as compared with
the other American lakes mentioned above. Its intermediate
nature makes it a valuable link in the correlation of conditions
in large and small lakes.

GEOLOGY AND PHYSIOGRAPHY OF LAKE SIMCOE

Lake Simcoe, Lat. 44°N., Long. 79°W., is the fourth
largest of the inland lakes of Ontario, having an area of 2~O
square miles. Situated 40 miles due north of Toronto it
forms a link in that part of the Trent Valley system of water-
ways which empties into Georgian bay by way of La~e
Couchiching and the Severn river. From Lake Simco~:
elevation of 720 feet (above sea level) the water falls to 5
feet at Georgian bay. . t

The depression in which Lake Simcoe is situated 1Sp~)
of the valley of the ancient Laurentian river (ColemanJ92 .
In interglacial time this river drained the Lake ur?:~
Georgian bay region, running south from the present Ge~r~~5t
bay through the Holland river valley to Scarbo~~Ug u~ an
east of Toronto. Glaciers blocked this valley by 'p1hngf land
interlobate moraine which forms the present height °lacial
midway between Toronto and Lake Simcoe. In POS~ggreat
time this valley filled with water to form a bay of t e
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Lake Algonquin which covered the area now occupied by
Lakes Superior, Michigan and Huron and extended beYond
their limits. Finally, deformation as described by Johnston
(1916) lifted the land at the mouth of this bay, tipping the
strata to leave a basin, Lake Simcoe, cut off from Lake
Algonquin. Lake Simcoe, having originated in this manner,
was probably of much greater area than at present ~nd its
flood waters cut their outlet to the northwest, formIng the
Severn river.

Geologically, the lake lies almost wholly in the Trenton
formation with its extreme north end and Lake Couchiching
extending through the Black r.iver form.ation ~nto the Pre-
cambrian area. The Trenton hmestone IS a thin, hard layer
underlying the lake and completely covered by clays of glacial
origin.

The present lake is somewhat rectangular in outline
with two long finger-like bays, one on the west and one on the
southwest. With the exception of these bays its shores are
much exposed, a condition readily seen. fro~ the ~ap a?d
indicated by the shortness of its shore line In relation to Its
area.

The shore line, as measured from the Dep~rtment. of
Railways and Canals chart, has a length of 123 miles, wh~ch
is short for a lake 280 square miles in area. By calcu~atJOn
the shore development* is 2.27. If we add the shore line of
the islands for that, too, is essentially lake shore, we find a
total of 144 miles. Detailed notes were made in the field as
to the type of all this shore line and calculations based on
these data indicate that of the 144 miles, 54 per cent. was

d geta-stony, 33 per cent. sand and 13 per cent. supporte ve.
ton. These shore types will be discusse? more fullY'tm :r
later chapter with reference to the quantity and quah y
their fauna. . ifiee the

The large proportion of exposed shore line magru re
importance of wave and ice action both on the physical natuep
of the shore and on the life which it supports. Storms swe

. ame area as
*The ratio of the shore line to the perimeter of a circle of the s

the lake.
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the lake and, crossing its diameter of roughly 15 miles d I. f . , eve op
a wave action 0 considerahls intensity. Although the
eastern and southern shores are subjected to the most int. h . d . ensewa~e actlOn,. t e remain er IS also much exposed. In the
spnng great Ice .sheets through ~he action of the wind disturb
the shore matenals and denude It of vegetation. Champl'

. dG '1 d i h ampomt an rape IS an in t e north end of the lake are excel-
lent examples of the results of such action: their high steep
banks are composed of loose boulders pushed up by the ice.

The average depth of Lake Simcoe has been determined
as 17 metr:s (56 feet) and the maximum depth 44 metres(145
feet). USIng the depths obtained in making 200 dredgings
and 80 additional soundings, map number 2 has been con-
s,tructed to show the distribution of depth in the lake .. Contour
lines have been drawn at intervals of 5 metres in depth from the
shore down to a depth of 35 metres. Of the total area 280
square ?liles, the separate depth zones make up the following
proportions:

0- 5 metres 14% 20-25 metres 15%
5-10 " 15% 25-30 " 17%

10-15 " 16 % 30-35 ". . . . . . . .. 5 %
15-20 " 17% 35-40 " 1%

From these figures it is seen that the depth zones from 0-30
metres are fairly similar in area and that a relatively small
area of the lake (6 per cent.) has a depth of more than 30
metres. These data were the basis for the calculation of
average depth as 17 metres.
de The dept~ contours on map number 2 indicate that the
I{ ep water IS In the central and western portions of the lake,
thempenfelt bay being particularly deep. In this portion of
, e lake the descent from shore into deep water is very rapid,
In marked contrast with the gradual declination in the eastern
i~rt of the lake where large shallow areas are to be found. In

e combined result the deep water of the western and
Centr I .h a portions compensates for the predominance of
~h:lIo:v wat~r in th.e r~ma~ning areas with the result that

re IS a umform distribution of area with depth, i.e., each
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of the six depth zones from 0-30 metres contains about 16 per
cent. of the total area of the lake. As might be expected, the
shallower part of the lake contains many shoals and reefs,
some of them as much as one mile in their longest dimension.
They are predominantly rocky and often come very close to
the surface of the water.

Rivers and streams emptying into Lake Simcoe drain a
watershed of some 1,100 square miles, excluding the area of
the lake itself. This area is largely cultivated land with a
small amount of woods and some marsh. Three large streams
empty into the lake along its southern margin, the longest
of which is the Holland river with a length of 23 miles to its
most distant source. In the lower eight miles of its course it
flows through the large Holland river marsh and empties into
Cook's bay. The Blackwater river is about 18 miles long and
empties into the lake just east of Jackson's point. The Peffer-
law river (also locally known as Black river) is farther east,
emptying into the bay just east of Duclos point. Some thirty
other streams empty into the lake. A few are of considerable
size, e.g. the Beaver river at Beaverton, but most of them are
small in flow and less than 5 miles in length. The outlet
through the Narrows at Atherley is a stream some 50 feet in
width with a flow in the neighbourhood of 600 cubic feet per
second at the normal low-water level.

THE PHYSICAL AND CHEMICAL CONDITIONS IN THE
WATER

To illustrate the condition of the water in Lake Simcoe,
table 1 has been constructed, showing five series of temper-
atures and water analyses taken at significant seasons.

These observations were all taken at station 1 (map
nUmber 1) in a depth of 21 metres of water. Other temper-
~ture series were taken at station II off Eight Mile point and
In the deep water off Kempenfelt bay, but they add nothing
to the information conveyed by the present series.

Observations on March 2, taken through an ice layer 18
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inches in thickness, show a practically uniform temperature
from surface to bottom and a plentiful supply of oxygen at all
depths. It is evident that Lake Simcoe does not suffer from
"win ter stagnation."

The series taken on May 19 shows nothing unusual, but
on June 20 the water was slightly stratified and the bottom
oxygen down to 4.3 p.p.m. The maximum stratification ob-
served was on July 15, when the bottom oxygen was as low
as 2.9 p.p.m. At this time an attempt was made to determine
the oxygen content near the mud. The apparatus in use was
not altogether suitable for this experiment, and the lowest
oxygen determination was found to be 2.0 p.p.m., the sample
being taken from about 0.75 metres above the mud. The
decrease from 2.9 to 2.0 p.p.m. in the lower two metres is
suggestive of a considerable micro-stratification or "micro-
schichtung" as Alsterberg (1922) has termed it (page 84) .
In at least one of the three seasons the stratification and
lowered bottom oxygen was destroyed prior to August 30,
when a bottom water sample from 25 metres contained 6.3
p.p.m. of oxygen.

The moderately high transparency of the water in Lake
Simcoe is attested by the fact that Secchi's disc could be seen
at a depth of 6 metres, the average of five determinations
taken on the above-mentioned dates. The disc used was of
white enamelled wood 9 inches in diameter. The hydrogen
ion concentration of 8.1 indicates an alkalinity due in part to
the limestone and marly clays of the vicinity.

In general the water may be described as clear, cool,
well oxygenated and slightly alkaline.

ApPARATUS AND METHODS

The experimental work consisted primarily of the col-
lection and examination of the bottom fauna, including
macroscopic and microscopic forms from various depths and
tYpes of bottom. To interpret the data resulting from this
survey it was necessary to collect and examine the plankton,
to make chemical analyses of the water and of the ooze,
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plankton and bottom organisms and finally to study th f
of the more important fishes. e ood

The description of apparatus and methods is arra
in the following order: nged

I. Dredging and sorting
(a) Limitations and sources of error in the techniq
(b) Qualitative collection in deep water. ue.
(c) Records of dredging data.

I I. Shore collecting.
III. Special apparatus for investigating the bottom

deposits.
IV. Quantitative data and calculations.
V. Special methods of studying substances or organisms

related to the bottom fauna.
1. Fish food. 2. Plankton. 3. Bottom deposits.

4. Water analyses.

DREDGING AND SORTING

In this work the aim was to keep the technique as like
that used in former work of the laboratory as possible in order
to facilitate the comparison of results. Accordingly the
methods were essentially those used by Adamstone (1924) on
Lake Nipigon with such changes as were considered to be
improvements. The Ekman dredge (Birge, 1922), plate.Ii
figs. 1 and 2, with release was used to collect the maten~
from an area of 500 sq. ern. or 77.5 sq. in. A strong portab

h
e

windlass with a 3/16-inch steel cable was used to haul d e
dredge. The bottom sample was transferred from the dre ge
to wooden trays 18Xl0X4 inches lined with white oilcloth or
in some cases to galvanized buckets. Depth was observed f~o~
a counter on the frame of the windlass and distance from sOd
was estimated for short distances or calculated from the SP:~f
of the boat for longer distances. Field records were kef the
all observations and included notes on the character a
bottom, plants brought up, etc.
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The samples were washed successively through three
screens attached to wooden frames as indicated in diagram 1.
The uppermost screen was of coppered wire mosquito netting
with about 180 meshes to the inch. The lower screens
were of silk bolting cloth, 480 meshes and 1,400 meshes to
the inch respectively. These silk screens were a consid-
erable improvement on the older cheesecloth and factory
cotton variety both in allowing the mud to pass through more
readily and in the ease with which they were cleaned. When
the lower screen became clogged with fine clay it was found
useful to float out the organisms by repeated additions of
water after which they were picked up direct or by re-
straining the supernatant liquid.

l··-----------------------..::.:.:.::.:.f
COPPERED WIRE

: . NETTING, 180 MESHES
, PER SQ. INCH

PROJECTING RIM

SILK BOLTING CLOTH

480 MESHES PER sq. l);.

__ SILK BOLTING CLOTH

1400 MESHES PER SQ.IN.

-<------10" ~

DIAGRAM I.-Showing a sectional view of the screening arrangement.

The organisms screened from the sample were usually
taken direct from the screens and preserved in 70 per cent.
alcohol. If the residue, e.g. pebbles or wood fragments, left
On the screen was too great to allow this procedure, all of the
material caught by the screens was returned to the tray with
a little water. With the advantage of the white oilcloth
?ackground it was then possible to pick out the living organ-
ISms with ease.

2-
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LIMITATIONS AND SOURCES OF ERROR IN THE TECHNIQUE

The dredge is not always successful in bringing up th
whole 77.5 square inches of bottom and the fauna from this

I I 1·· 1Sarea. ncomp ete samp mg occurs in several kinds f
bottom. Sand is frequently packed so hard that the jaws of
the dredge only scrape the surface without penetrating deeply
enough to collect all the fauna. Hard clay is even more diffi-
cult to sample, although it occurs only in restricted areas and
is therefore relatively unimportant. Gravel or stone also
prevent the closing of the dredge.

Hard bottom samplers have been devised (Knudsen
1927) but the lightest model weighs more than 200 pound~
and is therefore impossible to handle with the usual fresh-
water equipment. The heavy sampler described below under
the investigation of bottom ooze was too small to be used in
quantitative examination of the macrofauna. For stone
bottom no satisfactory quantitative sampler has been de-
vised. For qualitative work, J. L. Hart of the Ontario
Fisheries Research Laboratory, has arranged a suction pump
which is very effective. The apparatus consists of a simple
force pump with large valves, to allow the passage of small
stones, etc., a 20-foot length of 1 Ji-inch rubber hose and a
25-foot pole. The operator in the boat uses the pole t.o
direct the lower end of the tube while an assistant maru-
pulates the pump. A coarse screen on the intake pr~vents
it from clogging and a fine screen hanging over the SIde of
the boat strains the water from the pump and catches the
bottom organisms.

Organisms are sometimes lost when the dredge has been
brought to the surface, being carried out with the wate~ ~~t
drains from its corners. When sampli~g bott~m, wh1Cfr~~
covered with vegetation or coarse debns, the Jaws areCS II rUS-quently prevented from closing completely. ma .

A h· d be lost IIItacea such as the Entomostraca or mp 1pO a may k n
this manner. After the first fift!' dredgings had beend~a ~e~
this loss was prevented by placing a short-handled p 18
under the dredge as it reached the surface. The net was
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inches in diameter and made of silk bolting cloth with about
480 meshes per square inch.

In screening the sample, care will prevent the loss of
material over the edge of the screen. Although the lower
screen stops the passage of all macroscopic organisms it is
difficult to pick minute organisms from a mass of debris.
Small transparent nematodes would escape observation were
it not for their great activity which attracts the attention of
the searcher. Minute red chironomid larvae are picked out
quite readily from a dull background. Some organisms have
no such distinguishing characteristics, for example, it is almost
impossible to separate minute Sphaeriidae from a residue of
coarse yellowish sand.

Each of these limitations in the technique may result in
some loss from the organisms which inhabit the unit area
which we wish to sample. This effect, although unimportant
from a qualitative point of view, causes a varying amount of
inaccuracy in the quantitative estimates. The amount of
the loss, being dependent upon two variable factors, the
quality of the fauna and the kind of bottom deposit, is in
itself quite variable and not easily corrected.

A further possibility of error arises from the uneven
distribution of the fauna itself. The unit area, 500 square
centimetres, brought up by the dredge, is as large as can be
conveniently handled with a light windlass in a small boat.
In some cases it is not large enough to bring a fair sample of
certain organisms. A test of this variation was made on
August 3, 1929, during the investigation of a lake in northern
Saskatchewan. In a part of the lake which was 9 metres
deep the bottom was a rich organic ooze and thickly populated
with Chironomus plumosus. Eight dredgings were taken in a
circle 40 feet in diameter. The number of C. plumosus per
?redging averaged 25, but varied from 15 to 41. The max-
1mum deviation in this case amounted to 64 per cent. of the
average population. Such a result indicates the necessity
of taking large numbers of samples to reduce the error re-
Sulting from uneven distribution.

Seasonal variation in the bottom fauna (page 114) con-
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stitutes another d.ifficulty whi~h, though independent of th
method of sampling, makes It necessary to distribute the
dredging over all types of bottom and throughout as m e
seasons as possible in order to get a fair sample of the bot:ny
population. om

QUALITATIVE COLLECTIONS IN DEEP WATER

The suction pump has already been mentioned (page 18)
as a method of making qualitative collections from th
bottom. A second apparatus which was operable at greate

e

depths was a dragnet with runners (plate II, figs. 4 and 5)
rese~bling that d~scrib:d by Reighard (1919). The net had
a tnangular opening 8 inches to the side, and three runners
of brass. When the net was in use additional weight was
added in t.he form o~ two 12-inch pieces of 1/2-inch lead pipe,
one of which was slipped over each of the two runners which
were to come in contact with the bottom. The outer net of
heavy cotton served to protect an inner net of silk bolting
cloth, 180 meshes to the inch, equipped with a simple
bucket that facilitated the removal of the haul. The net was
particularly useful in collecting amphipods, insect larvae and
the larger plankton Crustacea which live near the bottom.

RECORDS OF DREDGING DATA

The data obtained in dredging were recorded in tables,
an example of which is given below. Each table contained
the results of one series which was a convenient group, ten or
less, of dredgings in a chosen habitat or area. In most cases
a series was begun near the shore line and continued into the
deep water, dredgings being taken at intervals small enough
to indicate the changes in fauna as the series progressed.
Over long distances it was often found convenient to begin a
second series where the first finished in order to complete the
study of a given area.

The distance from shore was recorded in yards or miles
and depth was expressed in metres. While the use of tWO
systems of measurement is somewhat confusing, circum-
stances made this practice unavoidable. Distances on the
water could be measured more accurately in the familiar
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units of yards and miles and these units are used in all the
available maps and charts. For depth it was thought advis-
able to use metres in order to make our results comparable
with those of a large number of other investigators who had
used this unit. Certain signs were used to indicate the char-
acter of the bottom, as follow:

m-Mud: soft oozy material with varying quantities of
organic detritus in its surface layers and usually on a
substrate of soft grey clay.

s-Sand.
c-Clay: hard clay (not applied to the softer type of clay

found in deep water).
g-Grit: coarse sand.

gr-Gravel: pebbles and stones not more than 3 inches in
diameter.

r- Rock: stones or boulders.
ma+-Marl: limy bottom consisting mostly of more or less

finely broken mollusc shells with a mixture of clay.
These signs were combined to represent other types of

bottom, e.g. sic indicates sand on clay.

TABLE2.-An example of the dredging records.

8 Totals

Depth in metres 1.5 3.5 8 10 11.5 16 18.5 20

Dredging No.. . . . . . . . . . . . . .. 1 2 3 4 5 6 7
----------1----- ---------

----------1------ ------------
Distance from shore. . . . . . . .. 100 250 600 1 2! 4 5} 7

yds. yds. yds. mi. mi. mi. mi. mi.
----------1------ ------------
Character of bottom......... s slgr s glc slm m m grim
----------1----- ---------
Gastropoda ................. 7 8 14 2 23 1 2 57

Sphaeriidae ................ 6 5 5 11 1 2 30

Chironomidae ............... 20 5 62 3 49 5 8 152

Ephemeridae ............... 1 5 7 11 2 26
Trichoptera ................. 3 .. , . .. , . 1 4... . ... .
Amphipoda ................. 27 6 14 .. , . .. , . ..... 47... .

Oligochaeta ................. 2 2 ... . 2 ., .. 1 7... .
- - - - - - -- --

Totals ................. 2 64 26 100 5 92 18 16
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Table 2. An example of the dredging records.
Series XXVII. June 16, 1928.
Begun 100 yards south of Brechin point and continued

southwest for a distance of 7 miles.
Dredging 1. Clean hard sand with ripple marks.

2. Gravelly sand with some Chara,
4. Scattered growth of Chara.
8. Unusual bottom type-gravel scarce at this

depth.

SHORE COLLECTING

. In the shore zone (0-1 metres) special methods of collec-
tion were used. In locations where the bottom was soft and
the fauna not too scanty the dredge was used as in the open
water. If the bottom were stony, weedy or otherwise diffi-
cuI! to sample, a unit area was marked off by a square frame
18 mches to the side. This unit was large enough to give a
convenient sample and its area was four times that of the
Ekm~n dredge. The sample from such an area was dipped
up with a heavy scoop and screened through the usual sieves.
Stones were thoroughly washed and the water poured through
the sc~een to catch any clinging organisms. For qualitative
collections a heavy metal dipper, capacity of 1 quart, with its
bottom replaced by one of copper netting, was found very
useful. A dip net and a small seine were used for the same
purpose.

SPECIAL APPARATUS FOR INVESTIGATING THE
BOTTOM DEPOSITS

In studying the composition, layering and microfauna
of the bottom deposits in deep water, the dredge is not alto-
gether satisfactory. It is inconvenient to lift the lids and
examine the contents of the dredge from the top, and
the layering is greatly disturbed when the contents are turned
out. Moreover, the water which drains from the top of the
sample disturbs and carries off part of the surface detritus.
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In order to bring up a portion of the bottom intact, with the
surface ooze and the water still in place above it, a heavy
sampler was devised as follows:

THE HEAVY BOTTOMSAMPLER

The action of this sampler depends on its weight which
causes a 4-inch brass pipe to sink into the bottom to a depth
of several inches. This pipe is lined with a removable card-
board sheath paraffined to make it waterproof. When the
tube has penetrated the bottom a brass messenger let down
the cable, releases a rubber plug which closes the top end of the
tube. When the apparatus has been hauled to the surface, a
cork is inserted in the lower end of the sheath and the latter
removed with its sample. A second cork is placed in the top
of the sheath and the whole taken to the laboratory.

Details of the construction of this sampler may be seen
in plate I, figs. 3. 4 and 5.

A is the brass tube 4 inches inside diameter, 1/2 inch
in thickness and 11 inches long. It is slightly
sharpened at the lower edge to aid in penetrating
the bottom and has a flange on the upper inside
surface to prevent the cardboard sheath slipping
upward.

B is the broad flange which prevents the sampler from
sinking too deeply into the bottom. A much
heavier flange was provided for hard bottom but
was seldom found necessary.

C is the release which when struck by the messenger
releases the plunger.

D is the rubber plug on the lower end of the plunger.
This plug fits exactly into the bevelled upper end of
the tube A. The plunger is forced down by

E the spring which is compressed when the apparatus
is "set."

Fig. 5 is the paraffined cardboard cylinder used within
the tube A.

The sampler measures 30 inches in height and weighs 35
Pounds.
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When the sample had been taken to the laboratory th
water was siphoned from the upper part and strained throug~
a net of plankton silk. The upper layer of detritus was take
off with a pipette for microscopic examination. The card~
board cylinder was then cut down with a sharp knife to allow
a microscopic and chemical examination of the mud layers
which were practically unmixed by the sampling process.

This sampler was used chiefly in the deep water. In
shallow water the type of bottom was ascertained before the
sampler was lowered to avoid damaging the lower end of the
tube on stones. As might be expected, loose sand would fall
out of the tube before it reached the surface. In fine, well-
packed sand the sample was usually retained until the
operator was able to reach down and insert the lower cork.

For the qualitative examination of the microfauna in-
habiting the upper ooze layer a more convenient sampler was
devised which was called the ooze sucker. This instrument
was an adaptation of the idea used by Richardson (1921) in
his apparatus for collecting bottom ooze in the Illinois river.
Richardson's original apparatus was limited to depths of not
more than 15 feet since it was operated with a wooden handle.

The essential parts of this sucker were a rubber bulb of
50 c.c. volume, which was attached to an obtuse funnel of
sheet copper. A frame, which served to keep the funnel
upright when it touched the bottom, bore two arms which
could be made to compress the bulb but might be released by
sending a messenger down the cable. The mouth of the
funnel (3 1/2 inches diameter) was covered with a coarse
metal screen, 150 meshes to the inch, which prevented the
obstruction of the tube by coarse debris. Six small holes
(1/16 inch in diamter) were bored through the funnel 1/~
inch from its circumference. When the edge of the funne
was resting on the bottom mud these openings allowed t~e
water to enter, wash across the surface of the mud and he
drawn up into the bulb. When hauled to the surface t e
bulb was removed and its contents forced into a 2-oun~e
bottle for microscopic study in the laboratory. In plate II t e
ooze sucker is shown before (fig. 1) and after (fig. 2) its release.
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This instrument was easily and successfully used in a
variety of depths and on most kinds of bottom.

The deeper bottom deposits were sampled by lowering
an 8-foot length of 1 ~ -inch galvanized pipe through a hole
in the ice. The weight of this pipe was 14 pounds and it
could be made to penetrate as deeply as 6 feet into the mud
of the deep water deposits. A small quantity of the mud
brought up in the lower open end of the tube was removed
for examination. The depth to which the tube had pene-
trated was measured by letting a sounding iron down to the
surface of the ooze and pulling both ropes up together. The
distance between the sounding iron and the lower end of the
tube was then equal to the depth of penetration.

QUANTITATIVE DATA AND CALCULATIONS

In the numerical study of the bottom population per unit
area the dredging results were directly applicable and accurate
within limits as suggested on page 18. In determining the
quantity of organisms per unit area, dry weight was used as a
unit rather than live weight. The live-weight method is less
convenient from several points of view. It increases the
complexity of the field work and a uniform standard of "dry-
ness" in living specimens is very difficult to maintain. It is
probable that dry weight is more indicative of the food value
of bottom organisms than is the live weight, since the water
content is not nutritive matter. The total organic nitrogen
is a better index of nutritive value than either live or dry
weight, but less easy of application.

The average dry weight of individual bottom organisms
was determined by drying large numbers of each species to a
~onstant weight. For this purpose the specimens were placed
In crucibles in an electric oven and submitted to a temperature
of SO°c. over a period of 24 hours. In some cases, i.e. chiro-
nomid larvae and ephemerid nymphs, the specimens varied
~o greatly in size that it was found advisable to divide them
Into groups of large, medium and small, the average weight
of each group being determined separately.
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The advantages of this method are that it leaves the most
of the specimens for further qualitative or systematic work,
and that it consumes much less time than the actual drying
and weighing of the organisms from each individual dredging.

As a check on the accuracy of this procedure the organ_
isms from 15dredgings were classified and the weight calculated.
The organisms were then dried and weighed and the actual
weights compared with the calculated figures. In no case
was the discrepancy greater than 25 per cent. with the average
deviation being 9.5 per cent. It is therefore probable that
the error is of no greater magnitude than that introduced by
the uneven distribution of organisms as discussed on page 19.
In cases where particular importance was attached to the
amount of organisms taken in a dredging the actual dry weight
was determined by the method described above.

Mollusc shells have always been a stumbling block in
recording the amount of bottom fauna. Certain workers have
included the total mollusc weight in the final figure, which we
think is not advisable since mollusc shells are not a nutritive
part of the bottom fauna. If this is done the resultant esti-
mate is distorted, especially in cases where molluscs form a
large part of the fauna. Others have stated production, both
including and excluding the molluscs, which is better but not
perfect, since neither figure is comparable to that. from
another location with a different proportion of mollusca ill the
fauna. We have adopted what we believe to be the best
method in determining the shell content of different types of
molluscs and deducting the shell weight from the total ?ry
weight. The resultant dry "body weight" should be fairly
representative of the nutritive value of the mollusc ill

question.

SPECIAL METHODS OF STUDYING SUBSTANCES OR
ORGANISMS RELATED TO THE BOTTOM FAUNA

FISH FOOD

The food of fishes in the lake was determined by the
examination of stomach contents, special attention being
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given to the food of bottom-feeding fish. The fish were taken
at different seasons and by a variety of methods, the most
important being the use of gill nets of meshes ranging from
1 1/2 to 5 inches. Other specimens for stomach analysis were
taken in seines and by angling and spearing. The contents
of stomach and intestine were preserved in a solution of
formalin, and later submitted to macro- and microscopic
examinations in the laboratory.

PLANKTON

In studying the general relations of bottom fauna to
plankton the net plankton only was considered. Two nets
were used, one with a large mouth to take samples of sufficient
quantity for chemical analysis, the other a standard closing
net. The former net was of no. 20 silk bolting cloth, with a
circular mouth 18 inches in diameter. The shape was that
of a simple cone with a height of 3 feet. The lower end of
this net was provided with a bucket similar to that used in
the "Wisconsin" net as described below.

The closing net used was of the type described by Juday
(1916). The mouth, with an inner diameter of 12 cm., is at
the top of a truncated cone of heavy cotton. The lower
straining cone was of no. 20 silk bolting cloth and was
equipped with a standard removable bucket at its lower end.
The net was closed at any depth by allowing a messenger (a
brass weight) to slide down the line and trip the closing
device. In proportion to the area of this mouth, this net was
much more efficient than the larger net, due, of course, to the
upper truncated cone which reduces the overflow as the net
is hauled up. The Juday closing net had, at the end of the
first season, an efficiency of about 63 per cent., determined in
the following manner. A column of water of known volume
Was strained through plankton silk identical with that of the
net to be tested and the catch of organisms was counted.
The net was then drawn through an exactly similar column
of water and its catch compared with the former. The effi-
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ciency of the net was shown by the fact that it collected 63
per cent. of the plankton which, as the former experiment had
shown, might have been collected from this given column of
water. The coefficient of efficiency was thus determined as
1.6.

The larger net, with mouth 18 inches in diameter, was
calibrated by drawing it through the same column of water
as the closing net of known efficiency, and subsequently com-
paring the catch. By this method the efficiency of the larger
net was calculated as 37 per cent. of the Juday net, and its
factor accordingly was 4.32.

The efficiency of a net varies with its age since the meshes
tend to become clogged and lessen the straining capacity.
The large net, 18 inches in diameter, was kept for a specific
purpose, making total vertical hauls in the vicinity of certain
dredgings, so that the total number of hauls did not exceed
fifty. It is thought that these fifty hauls did not appreciably
clog the meshes, so the efficiency factor 4.32, determined when
the work was completed, does not differ greatly from the
average efficiency during the use of the net. It is obvious
that the efficiency of a net varies with the kind and abun-
dance of plankton and with the age of the net even if the
method of using such a net is uniform. In spite of these diffi-
culties it is considered better to apply any possible correction
to the data in order to make it comparable to that obtained
in other locations and by other workers.

The greater number of plankton collections were total
vertical hauls with the large net. These were supplemented
by vertical series and surface tows taken by the closing net.
The near-bottom plankton was also collected by means of the
triangular runner net described on page 20. . 1

Analyses of the plankton hauls were microscopic. vo u-
metric dry weight and chemical, according to the purpose for
which 'the sample was taken. The volume of a planktod

n

11 ., ttle i graduatecatch was measured by a owing It to se e in a. f 24
glass cylinder (inside diameter of 1 cm.) over a peno.d 0 h
hours. Dry weight determinations were made. wIth ~h:
technique described on page 25 for bottom orgamsms.
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only chemical analysis of the plankton was a determination
of the total organic nitrogen content of the plankton. Diffi-
culties encountered in the use of the usual microchemical
technique for determination of total organic nitrogen resulted
in the adoption of the following method, which is a modi-
fication of the macro Kjeldahl procedure. The latter was not
applicable in its usual form due to the small quantity of
nitrogen (0.5 to 3.0 mgm.) in the sample.

The plankton sample was placed in a 100 cc. Kjeldahl
flask with a 1 cc. cone. sulphuric acid and the liquid evapor-
ated to about 10 cc. Two cc. additional acid were then added
along with 1 gm. potassium sulphate, a few drops of 5 per
cent. solution of copper sulphate and a glass bead. Digestion
was accomplished by heating over a micro burner until the
solution turned green, the top of the flask being covered with
a watch glass when dense white fumes began to appear.
When the solution had cooled, 7 cc. water were added for
everyone cc. of acid used. The method so far is similar to
that used in any microchemical nitrogen analysis such as that
of urine. Nesslerization was, however, impossible because of
the large proportion of acid added in the digestion process.
A distillation process was therefore used with an apparatus
similar to that used by Bock and Benedict with the substi-
tution of the 100 cc. Kjeldahl flask for the pyrex tube used by
these workers. After adding pumice to prevent bumping,
the apparatus was connected and 30 cc. of a 50 per cent. solu-
tion of sodium hydroxide added for each cc. of acid used in
digestion. The ammonia was distilled off into N /70 hydro-
chloric acid. The condenser was disconnected and washed
down with a small amount of distilled water. To insure the
complete liberation of ammonia another 3 cc. of sodium
hydroxide was added, the condenser coupled and the mixture
boiled for two minutes more. The titration was then made
with N /70 sodium hydroxide, a mixture of methyl red and
methylene blue serving as indicator. In the final titration,
1 cc. of N/70 NaOH solution is the equivalent of 0.2 mgrn. of
nitrogen.
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BOTTOM DEPOSITS

Samples of the bottom deposits, especially the soft 00

of th~ deeper waters, were examined both physically a;~
chemically. The former examination entailed a microscop·
study of the constituents of various layers in the botto IC

d.eposits. The chemical an~lyses of the deposits were d~
signed to show the comparative amounts of organic material
in different areas and the vertical distribution of this material
through the bottom layers. Analyses included the deter-
mination of free ammonia, albuminoid ammonia, nitrates
nitrites, and total organic nitrogen. They were carried out
under the supervision of A. V. De Laporte and with the
technique described by him (1920). Samples of the sedi-
ments from the deep water have been examined by E. M.
Kindle, who is interested in the mineral and microscopic
nature of bottom deposits from the point of view of strati-
graphical geology.

WATER ANALYSES

The standard methods used in fisheries investigation
were adhered to in the chemical and physical examination of
the water. Temperature was determined with a deep-sea
reversing thermometer ( egretti and Zambra). The trans-
parency of the water was tested with Secchi's disc, a wooden
disc 9 inches in diameter and covered with white enamel.
Determinations of the dissolved oxygen were made by
Miller's method (De Laporte, 1920) and the hydrogen ion
concentration by means of the La Motte colorometric
equipment.

Part I

THE SURVEY OF THE BOTTOM FAUNA

A. THE QUALITATIVE EXAMINATION OF THE FAUNA

The bottom organisms which are the subject of the study
include all the macroscopic bottom living forms from the
shore line to the deepest part of the lake. The shore fauna

1
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is so rich and varied that it cannot be dealt with thoroughly
in a general survey. For this reason the work on the shore
area was confined to a quantitative analysis of the fauna with
a determination of its typical and abundant forms. In the
open water a more intensive qualitative examination was
possible, and the resulting information more useful since the
open-water fauna is more intimately associated with the
fisheries problems of the lake than is the shore fauna.

Preliminary observations have been made on the micro-
fauna which inhabits the bottom ooze of deep water. Since
this is a new field, much of the time was occupied with the
development of adequate sampling methods. A description
of the apparatus used is given on page 23.

In referring to the occurrence and distribution of living
organisms we make constant use of the term "depth zone."
In this study we have made an arbitrary division of the
bottom into 5 metre ranges, breaking the lake's depth of 45
metres into 9 zones. In addition to this we recognize in Lake
Simcoe three larger divisions, marked out by differences of a
biological, physical and chemical nature. Similar zones have
been recognized by other limnological investigators who have
frequently seen fit to make secondary divisions of these major
zones. The exact limits of the zones as described by different
workers seldom agree, due no doubt both to ecological differ-
ences in the bodies of water under investigation and to differ-
ences in interpretation. To prevent any misinterpretation
of the terms as used in the present paper we include a defin-
ition of the three major zones and their distinguishing
features.

The Littoral Zone. 0-5 metres. This zone is marked by
variable conditions of temperature, the greatest water move-
ment, abundant oxygen and the greatest light supply. The
bottom may be of sand, stone or mud and frequently supports
rooted aquatic plants.

Sublittoral Zone. 5-14 metres. The sublittoral zone is
intermediate in position and character between the other two
zones. The water is subject to moderate movement and
variation in temperature. The light penetration is poor and
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the larger rooted aquatic plants absent. Sand and ston
bottom are less frequent than in the littoral. e

Profundal Zone. 14-45 metres. The profundal zone is
an area of typical deep water conditions with relatively little
water movement, a low uniform temperature, oxygen at times
scarce, light penetration at a minimum and the bottom
deposits usually soft and muddy.

The main groups represented in the macrofauna, or larger
bottom population of the lake, are the Oligochaeta, Crus-
tacea, Insecta and Mollusca. The remaining part of the
fauna, which is much smaller in quantity and in general less
important, includes representatives of such groups as the
Porifera, Coelenterata, Bryozoa, Turbellaria, Nematoda
Hirudinea and Hydracarina. Some of the smaller groups
have received little attention, since the primary object of the
survey was not a systematic study but rather a consideration
of the bottom fauna as a whole and its relation to life of the
lake.

MACROFAUNA-ANNOTATED LIST OF ORGANISMS WITH NOTES ON

DISTRIBUTION, NUMBERS AND ECOLOGY

PORIFERA
Spongilla sp. A small sponge of this genus was found

encrusting stones near the outlet of the lake at Atherley. A
similar if not identical form was found on the rocky shore of
Snake island.

COELENTERATA
Hydra fusca L. Submerged plants were the most fre-

quent habitat for this species. While most commonly a~-
tached to Nymphaea or the potamogetons, scattered indl-
viduals were taken in dredgings within 100 metres of shore
and at depths of 3 metres or less.

BRYOZOA
Plumatella sp. This bryozoan was collected from sub-

merged logs in the north end of Smith's bay. It forms a
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scattered covering on the rotting wood just below the wat
level.

Cristatella sp. Statoblasts of this form were taken fre
the bottom ooze in shallow water as well as in plankton a:
fish stomachs.

T URBELLA RIA

Planaria sp. A species of Planaria, probably P. mac
lata Leidy, was collected in various parts of the lake. Me
of the specimens were found at depths of from 1 to 6 metr
among beds of Chara and on solid clay or marl bottom.

NEMATODA

The nematodes taken during the survey have bel
examined by Dr. G. Steiner of the U.S. Dept. of Agricultui
He finds three species.

Hydromermis acrostoma n. sp.
Hydromermis rawsoni n. sp.
Hydromermis sp. (not yet certain).

Dr. Steiner expects to publish descriptions of the
species in the near future.

OLIGOCHAETA

The oligochaete fauna of the deep water all belonged
the family Tubificidae. In shallow water were found
lumbricUlid and a semi-aquatic species of Helodrilus, neith
of which was abundant.

Limnodrilus. Members of this genus were most abu
dant in the 0-5 metre zone with a gradual decline in numbe
down to 20 metres and scattered individuals as deep as ;metres.

Tubifex. There were at least two species of Tubif
present. One, a slender form with long setae, was confim
to the littoral zone. The other group, which was mo
abundant, was found first in 15 metres of water, increasing
a maximum between 30 and 35 metres and continuing in lar

3-
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numbers to the deepest parts. The !,ubifex gro~p was found
almost exclusively in mud bottom, while Limnodrilus was taken
in a variety of habitats including sand, mud or Chara beds.

Lumbriculus sp. A large Lumbriculus was found in
moderate numbers from shore down to depths of 3 metres.
Most of the specimens were taken .close to shore. .

Helodrilus sp. A semi-aquatic member of this genus
was collected at depths of 0.2 to 0.6 metres in sheltered bays,
usually from a peaty botto~. .

The distribution of Oligochaeta wIth reference to depth
is shown in graph 1. The number of individuals decreases
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slowly from shore to a depth of 12 metres .. Such a.mi?im~:
in the sublittoral is a frequent occurrence m the dlstnbutl.0
of bottom organisms and will be discussed in connection w:th
the distribution of chironomid larvae (page 54). Proce:dl?g
from 15 metres into the profundal zone we find a rapid Ill-

. h . b ndancecrease from 17 to 25 metres WIt a maximum aUf
which is maintained into the deepest water. The number at

. four ti thaoligochaetes in the profundal zone IS almost our tl~es
of the combined littoral and sublittoral zones. ~n t~IS deep~r
area are found chiefly Tubijex, while Limnodrilus IS large Y
confined to the upper 20 metres.
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The distribution of Oligochaeta in Lake Simcoe is much
more uniform than that in Lake ipigon. In the latter lake
the maximum number was found at a depth of 100 metres
while two minor maxima occurred at depths of 10 and 50
metres.

Although the oligochaetes make up a comparatively
small part of the profundal fauna, they play an important role
in the transformation and circulation of food materials.
This function will be dealt with in Part II.

HIRUDINEA

The leeches collected during the course of the investi-
gation have been identified by Professor ]. P. Moore of the
University of Pennsylvania. He reports 10 species which are
listed in the following account:

Glossiphonia nepheloidea (Graf.). A single specimen of
this species was brought up from hard sand at a depth of 5
metres.

Helobdella stagnalis (Linn.). This is one of the most
abundant leeches in the lake and it exhibits a very general
distribution. On mud bottom it is most frequent at depths
of 0 to 2 metres, but is found as deep as 18 metres. It ranges
alike over clay, sand or stone and on exposed points or in
weedy protected bays.

Placobdella rugosa (Verr.). Small numbers of this species
Were collected from the rocky shores of Fox island.

Actinobdella triannulata Moore. This species was de-
~ribed by Moore from Lake Nipigon in 1924. In Lake
SImcoe it was taken from sandy Chara bottom at a depth of
2 metres.
. Piscicola punctate (Verr.). This fish leech was collected
In numbers from whitefish and perch and from gill nets set in
shallow water. A few specimens were taken on a gravel bar
at the Sand islands.
. Haemopis marmoratis (Say). This leech was collected
In s:veral parts of the lake from stony shores. A single
speCImen was found on the muddy shore of Smith's bay in the
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MYSIDACEAE
Mysis relicta Loven. The scarcity of Mysis in the lake

is one of the outstanding features of the bottom fauna. Only
five specimens were taken during the three years of the
investigation. Four of these were from fish stomachs (ling
and whitefish) and one was brought up by the dredge from a
depth of 32 metres. Continued attempts were made to find
more of this species, chiefly by towing in the deep water, but
always without success. Coupled with the absence of any
deep water Amphipoda (see below) the scarcity of Mysis
constitutes a noticeable lack in the bottom fauna as fish
food.
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GRAPH II. The distribution of Amphipoda according to depth.

AMPHIPODA
Gammarus limnaeus Smith.
Hyalella knickerbockeri Bate. . .

The two species of Amphipoda taken were of very limIted
distribution. G. limnaeus was found only in the shore zone

k . aso to 1 metres and was not numerous. H. knickerboc ert w
confined to the littoral and sublittoral zones with its maximum
abundance in the former at a depth of 4 metres. The abun-
dance of H. knickerbockeri in the shallow water, especially 0;
beds of Chara, constitutes an important source of fish [oo .
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The absence of Amphipoda from the deeper water of Lake
Simcoe is difficult to understand. The geological history of
Lake Simcoe (page 8) indicates that it was connected with Lake
Algonquin in post-glacial times. Lake Huron, which repre-
sents one remnant of Lake Algonquin, has both Pontoporeia
and Mysis in its fauna. It is therefore probable that these
forms were once present in Lake Simcoe. That Pontoporeia
has disappeared and Mysis is almost gone may be due to the
warming up and decrease in depth of the lake subsequent to
its formation. Lundbeck (1926) speaks of relict Crustacea
as the only "kaltstenothermic" species in fresh water lakes,
thereby indicating their preference for cold water. Most deep
lakes, for example, Lake Nipigon and Lake Ontario, have a
copious supply of Mysis and Pontoporeia in their lower strata
where it is utilized by whitefish and ciscoes.

DECAPODA

Cambarus virilis Hagen.
Cambarus propinquus Girard.

C. virilis was taken from all kinds of hard bottom and at
depths ranging from shore down to 6 metres. Large speci-
mens were frequently brought up with gill nets, set in 4 to 5
metres of water. C. propinquus was never taken at depths
greater than 1 metre. A further contrast was noted in that
immature specimens of C. propinquus were frequently found
on gravel or stony shores while the specimens of C. virilis
were, with one exception, adults. Both species were found in
bass and perch stomachs, but C. virilis was more common
than C. propinquus.

ISOPODA

Mancasellus tenax. This species was collected from
dept?s of 1 to 16 metres and in various parts of the lake. In
the httoral or sublittoral zones it was always found in growths
?f Cham or Elodea and on hard bottom. At 12 and 16 metres
It Was found among plant debris on top of soft clay.












































































