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This paper is a quantitative and qualitative study of the bottom fauna
of Shakespeare Island Lake with special emphasis on the distribution and
ecological relations. Some factors influencing the character of the bottom
fauna and the productivity of the lake are the small size of the lake, the thermal
stratification of the water, the northerly situation in the Nipigon region, and
the rocky archaean nature of the surrounding country. The two areas of greatest
productivity in the lake are the littoral and the profundal zones. The littoral
zone produces many species of animals with a preponderance of small Mollusca,
mostly Amnicolidae and Sphaeriidae. The population of the profundal zone
is practically limited to the amphipod, Pontoporeia hoyi, Chironomus str. sens.
and Chaoborus (Corethra). The production of the lake is estimated at 1,568
individuals per square metre with a dry weight of 10.33 pounds per acre. The
lake is classified as eutrophic.

INTRODUCTION

During the years 1921 to 1926 an extensive limnological
survey of Lake Nipigon was carried on by the Ontario
Fis!teries Research Laboratory of the Department of Biology,
University of Toronto. Lake Nipigon is a body of water
~ove~in¥ approximately 1,769 square miles (Wilson 1910),
!ld IS III places over four hundred feet deep. Since condi-

~~~nsin a l.arge lake are entirely different from those in a small
I ke a!ld Slllce more concentrated work can be done in a small
ia eh It was deemed advisable to make a study of such a lake
t~ t e same vicinity as Lake Nipigon. Moreover, it was
Ob~U~btthat in studying a small lake the quantitative data
rei ~l~ed ~roman examination of the bottom fauna could be cor-
tbe

a
.
e

WIth the whitefish production. Consequently in 1926InVe ti .
Und s IgatlOn of Shakespeare Island Lake was carried out

er the supervision of Professor W. J. K. Harkness. The
31
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dredgings were taken by Mr ..R. A. McKenzie and ~rom this
material, with the accompanymg records, the Jollowmg study
of the bottom fauna has been made. In this study special
attention has been given to the distribution and ecological
relations of the bottom organisms in the lake.

Much assistance has been received from Professor
W. J. K. Harkness and other members of the Department of
Biology, University of Toronto, to whom thanks are d~e. I
wish also to make due acknowledgments to those specialists
who have kindly helped in the identification of specimens.
They are Professor F. C. Baker, Dr. V. Sterki, Dr. William
Clench, Dr. Cornelius Betten, Professor O. A. Johannsen,
Dr. E. M. Walker, Mr. F. P. Ide, Dr. Ruth Marshall, Dr.
W. G. Brown, Mr. Raymond Myers, and Dr. G. Steiner.
Reference is again made to these specialists in the groups
with which they assisted.

REVIEW OF LITERATURE RELATING TO BOTTOM FAUNA OF LAKES

The investigation of bottom organisms in fresh:wate.r lakes
has been carried out with greater and greater detaIl during the
past thirty years and as a result an extensive lit.erature ?as
accumulated on the subject both in Europe and m America.
Rawson (1930) published a comprehensive paper on t~e
bottom fauna of Lake Simcoe, a Canadian lake smaller 10

size than Lake Nipigon, but larger than most of the other
American lakes investigated. In this paper Rawson has
given a summary of the available literature on bottom f.aun~
up to that time. Since then Miyadi (1931) has pubhs

he
d

some work on Japanese lakes in which the type of la~deand. II nSl ere .
the profundal organisms have been specia y co h t. . '1 to t a
The method of investigation in these lakes IS sirrn ar the
in Europe and America and the lake types are bas~d on nn

.' hi fl Thlenema
work of the European mvestigators, c ie y I toll
(1926) (1928). Miyadi's work and also that of Eggt~ be
(1931) show a tendency for studies on bottom fauna. 1M. I I' partlCU
distributional and to stress ecolog1ca re atlOns, 1 toll'S
attention being given to the profundal zones. Egg e
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work, which -was conducted on some Michigan and New
York lakes and extended over a number of years, contains
interesting experimental studies to demonstrate the effect
of profundal conditions on certain organisms. Many of the
experiments were carried out on the lake floor. This experi-
mental work is a new and important feature of the study of
bottom organisms.

GEOGRAPHY AND GEOLOGY OF SHAKESPEARE ISLAND LAKE

Shakespeare Island Lake, which was selected for this
study, is a small lake situated in the south-eastern part of
Shakespeare Island, one of the larger islands in Lake Nipigon.
The lake lie~ in 88 degrees 23 minutes west longitude, 49
degrees 37 mmutes north latitude. It covers about 85 acres
and is irregularly shaped, in no direction being more than a
mile in extent. For its size the lake is relatively deep; the
greatest depth, however, does not exceed fifty feet. Sound-
ings indicate a gradual slope of the bottom from a central
basin. The lake is fed by one small, short stream of cold
cle~r sprin~ water, by surface drainage, and possibly b;
spnngs on ItS bottom. It drains into Lake Nipigon which
latter lies about ten feet below the surface of Shakespeare
Isla~d Lake. About one-third of the shore line has gently
sloping. sandy beaches. In other places the shore is high and
roc~y ?r low with marshy bays. The higher aquatic vege-
tation ISconfined to water less than eight feet in depth. The
surr d'h oun ing country shows the same geological features as
~ e r~st of the ipigon region which Clemens (1923) has
T~cnb.ed .. It is typical of the archaean area in which it lies.

.e soil thinly covers the diabasic rock which displays much
eVidence of glacial action and the island is rugged and well-
Wooded everywhere.

PHYSICAL AND CHEMICAL CONDITIONS

Sh kRecords of the physical and chemical conditions in
th a espeare Island Lake were made at various times during
sae summers of 1924 and 1926. The methods used were the

me as Clemens (1923) used in Lake Nipigon. Tempera-
3_
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series

tures were taken with the standardized egretti-Zambra
deep-sea reversing thermometer. The hydrogen-ion det.er-
minations were made with cresol red and phenol red, using
the LaMotte H-ion comparator set. The transparency of
the water was found by means of Secchi's disc and the colour
with the U.S. Geological Survey standard colorimeter. d

On July 10, 1924, the transparency was 4.04 yards an
27+21 . f f mthe colour 2 = 24. The water was clear, belllg ree ro

h b . h I typical of
sediment and was of a sornew at rownis co our h
this country w~~re muskegs ~re common. Table 1 show;9~4~
chemical conditions in relation to depth fo~ Aug~st 5, es er
In this table the oxygen is expressed in CUbl~~en~lmetr p r
litre, the carbon dioxide, bicarbonate, and aCld~ty m part~~t
million. Miller's Method was used to determl.ne .the :rd of
of oxygen, and the methods used by ~he ProvlllClal Bdioxide,
Health of Ontario (1920) to determllle the carbon
bicarbonate, and acidity.
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TABLE1. Chemical conditions in relation to depth, Aug. 5, 1924

pH CO2 O2 HC03 Total acid
----

Surface ....... PR-8.2 Trace 5.75 20.13 1
CR-8.2

5 yards ...... 7.2 2.1 5.7 21.96 3.5
11 yards ...... 7.0 6.5 2.3 19.52 8

TABLE2. Temperatures in relation to depth

-
Depth 1924 1926

in yards
July 8 Aug. 5 June 15 July 10 July 25 Aug. 19

0 22.1 20.4 17.5 17.1 23.7 19.1
1 19.6 17.0
2 18.9 22.3 19.0
3 17.9 18.1 8.7 15.3 18.4 19.0
4 15.7
5 10.1 11.1 6.2 9.5 14.8 18.1
6 9.6
7 8.3 7.2 9.1 10.0
8 6.6 7.4 6.8 6.8
9 7.0

10 6.5 5.4 6.1 5.7
11 6.4
12 6.2 5.2 5.4 5.3

- 14 5.1 5.2 5.0

be Graphs 1 and 2 have been plotted to show the relation
tween depth and temperature. An examination of these

~Phs and o~t~bles 1 and 2 indicates that during the summer
e lake exhibits a thermal stratification of the water with

accompany' h . I ..Au u ing c errnca variations. Table 1 shows that on
de g hst 5 the pH of the lake decreased from 8.2 to 7.0 with
H:t.. The CO2 showed a marked increase in the hypo-
thentn and the O2 was correspondingly low. Graph 2 shows
Ju emperature stratification of the water. The curve for

ne 15 sh d' . .Part f ows con itions III a shallow bay in the south-west
deep 0 the lake. The curve for July 10, which was taken in a

er part of the same bay, shows considerable strati fica-
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tion. Marked stratification is shown by the curve for August
19. The temperatures on this date were taken in the central
part of the lake .

METHODS

The method of investigation used in Shakespeare Island
Lake was similar to that used in the study of Lake ipigon.
This has been described by Adamstone (1924) in his paper
on the bottom fauna of Lake Nipigon. An Ekman dredge
was used which brought up material from an area of 225 sq.
em. (approximately 81 sq. in.). The dredge was lowered
open and a messenger dropped from the boat released the
jaws, causing them to close on the sample of the bottom.
Material thus obtained was placed in numbered trays and a
complete record of depth, distance from shore, and character
of bottom was made for each. This material was then taken
to the laboratory and washed in screens of different grades of
fineness. The specimens obtained in this way were sorted
while they were alive. They were then preserved in sixty
per cent. alcohol to which four per cent. formalin had been
added. These specimens have been carefully worked over by
the writer and the animals classified to species wherever pos-
sible. In order to secure accurate identification the material
in most cases was submitted to specialists. Counts were
made in every dredging of the number of animals belonging
to each species. On the identifications and on calculations
made from the counts, the following results have been based.
~e gravitational results were obtained by the same method as

wson (1930) describes. That is, a definite number of
or~anisms belonging to one species were reduced to a constant
\Velght by keeping them in an electric oven at 50°C for
t~entY-four hours. The total weight resulting was used to
ca cUlate the individual weight of the different kinds oforganisms .

QUALITATIVE ANALYSIS OF BOTTOM FAUNA

The bottom fauna of Shakespeare Island Lake is made
almost entirely of animals belonging to four groups,
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t and Oligochaeta. The only
Mollusca, Crustacea- Ins~c a'e are the Arachnida. Each of
other group of any Impor anc
these groups is considered separately.

MOLLUSCA

rically the most important group
The Mollusca ar: n¥~e ix families nine genera, and

in the lake. They ~ncfu e SIcontains ~ne previously un-
twenty species. ThlsValunta Dr V Sterki, New Phil a-. f a va a ..
descri?ed v.an~ty ~fied the S~haeriidae, Dr. Frank C. Baker
delphIa, Ohio, ident Illinoi few specimens of each of the

h U· rsity of mois a k . h hof t e nive f G tropoda in the la e, Wit t e
more important groups °h. has e identified by Dr. William

. f the Physa w IC wer Aexceptwn 0 C b idge Massachusetts. s a
Clench, Harvard College. am r '.
result the following specIes are reported.

Sphaeriidae ..
Musculium secuns Pr.Ime
Musculium iiryckholt't N o.rmand
Pisidium vesiculare S~erki
Pisidium variabile Pnm~
Pisidium ventricosum Pn~e
Pisidium minutum Sterki .
Pisidium scutellatum Ste~kl
Pisidium jerrugineum Pn~e h but as yet un-
Pisidium sp. Common in nort

described.
Valvatidae . . F C Baker New variety.

Valvata lewisi ontar~ens~s .. .
Valvata winnebagoensis F. C. Baker

Amnicolidae )
Amnicola limosa porata (Say k
Amnicola lustrica decepta F. C. Ba er

Planorbidae . F C Baker
Helisoma antrosum say~ ->: (Dunker)
Helisoma campanulatum mwor
Gyraulus hirsutus (Gould)
Gyraulus arcticus (Muller)
Menetus exacuous (Say)
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Lymnaeidae
Lymnaea sp.

Physidae
Physella sayii Tappan

Although the number of species found in Shakespeare
Island Lake is only one-half as great as that reported by
Adamstone (1923) for Lake ipigon, the former lake is ex-
tremely rich in the number of Molluscan individuals. With
an average of 583 individuals per square metre, Shakespeare
Island Lake ranks second to Oneida Lake when compared
with other lakes quantitatively studied in America. Lake
Nipigon, which Adamstone and Harkness (1923) estimated
to have 165 Mollusca per square metre appears poor when
compared with it.

Like the other lakes studied the shallow parts of Shakes-
peare Island Lake are the most productive of Mollusca.
With the exception of the Physa, which was not abundant
anywhere, and one species of Amnicola, none of the Molluscan
specimens were taken beyond a depth of about twenty feet.
An examination of the data shows that the Mollusca were
found only where there was vegetation and beyond a depth
of twenty feet the lake was almost entirely lacking in vege-
tation, which may explain the corresponding lack of Mollusca.
Graph 3 shows the distribution of the Mollusca, with the
optimum depth between three and nine feet.

The largest number of Molluscan specimens belonged to
the genus Amnicola, although only two species of it were
fo.und. A. limosa porata had the largest number and the
WIdest range. Baker and Cahn (1931) found this variety
common in all the lakes which they examined. The lake
form, A. lustrica decepta, which Baker and Cahn believed totWi~ely distributed in the glaciated region of central orth

enca, was abundant. Of the Sphaeriidae Pisidia were
~ore numerous than Musculia; in fact Musculia were not
tOUndbeyond a depth of six feet, whereas Pisidia were found° a depth of twenty feet. As was to be expected when only
i~t dredgings were taken, all the Sphaeriidae were small

mature specimens, very difficult to identify with accuracy
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and not truly representative of this family in the lake. The
twO species of Valvata were fairly common, the new variety
V. lewisi ontariensis, which has been described by Baker
(1931), showed considerable individual variation in the dis-
tance between the whorls. It was more abundant than V.
winnebagoensis and ranged between four and thirteen feet,
whereas V. winnebagoensis was found between five and eight
feet only. Very few living Planorbidae were taken from the
lake although dead shells were numerous, particularly those
of G. hirsutus. P. sayii showed the widest range of any of
the Mollusca as the few specimens taken were taken between
three and forty-one feet. The Lymnaeidae were represented
by only two specimens. Table 3 gives the distribution of
Mollusca in relation to depth and character of bottom.

A comparison of the species of Mollusca found in Shakes-
peare Island Lake with those reported by Baker and Cahn
(1931) in a recently published paper on freshwater Mollusca
from central Ontario' is most interesting as many of the lakes
from which they are collected are of a type similar to Shakes-
peare Island Lake. Baker and Cahn divided the species
collected in Ontario into southern and northern fauna. The
northern fauna were represented by the families Sphaeriidae,
Valvatidae, Lymnaeidae, and Planorbidae, which, with the
exception of the Lymnaeidae were well represented in
Shakespeare Island Lake. Of the southern fauna Unionidae,
Viviparidae, Amnicolidae, Physidae, and Ancylidae, reported
by Baker and Cahn for the region from which they collected,
the Amnicolidae and Physidae alone were present in Shakes-
peare Island Lake.

The following species found in Shakespeare Island Lake
Werenot reported by Baker and Cahn for central Ontario.

Sphaeriidae
M. iiryckholti. An holarctic species.
P. ventricosum. Also reported from Manitoba.----

IBy~' central Ontario Baker and Cahn refer to the territory north from the
b:esota border, which is the western part of northern Ontario. The lakes from

be . ~hey collected were west of the Nipigon region and many of them would
IUnllar in geological formation to Shakespeare Island Lake.



B FAUNA OF SHAKESPEARE ISLAND LAKE42 CRONK: OTTOM

TABLE 3. . I tion to depth and character of bottomDistribution of Mollusca in re a

Number of Character ofTotal number Number of
gastropods Depth bottomin dredging pelecypods

1 l' 1" Sand and veg.14 13
l' 4" Sand and veg.1 1 0

Mud and veg.2 2' 6"2 0
3' Mud and veg.410 6
3' 6" Mud and veg.1053 43
4' 1" Mud and veg.166 79 87

Sand and veg.7 4' 6"10 3
5' Mud and veg.7592 17
5' Mud and veg.160371 211
5' 10" Mud and veg.3684 48
6' Mud and veg.1617 1
6' 6" Sand and veg.1318 5
7' 5" Mud-clay3758 21
7' 9" Mud-sand66 0
8' 4" Mud and veg.3339 6
8' 8" Mud-sand917 8

11' 4" Mud-little veg34 1
11' 6" Mud and veg.8192 11
12' 7" Clay-sand310 7
14' 8" Mud and veg.05 5
18' 4" Mud38 5
19' 11" Clay6 6 0

Mud and sand1 20'8 7
21' Mud0 00

1 21' 8" Mud1 0
26' Mud0 00

0 28' 8" Mud0 0
29' 10" Mud11 0
31' Mud00 0
31' 8" Mud00 0
34' 3" Mud00 0
35' Mud00 0
40' 6" Mud2 0 2

Mud1 40' 8"1 0
43' 8" Mud00 0
44' 4" Mud0 0 0

CRUSTACEA

This group was made up almost entirely of two species
of amphipods, Pontoporeia hoyi Smith and I-lyalella knicker-bockeri (Bate).

P. hoyi was the most numerous single species in the lake.
It alone constituted 23 per cent. numerically of the total
bottom fauna although it was not taken in water shallower
than eighteen feet. I t was found in association with the
other profundal organisms, Chironomus str. sens., Chaoborus
(~orethra), and oligochaetes. The abundance of this primi-
Lb

ve
species in Lake Nipigon as well as in Shakespeare Island

~ke seems to indicate that the archaean region is admirably
SUItedto its requirements.

t H. knickerbockeri was found from the shallowest water
nO a depth of eighteen feet and was about one-third as
in~~~rous as P. hoyi. The two species together averaged 423
of ~lduals per square yard. Graph 4 shows the distribution
h t e two species. The form of I-l. knickerbockeri found in

Iiakespeare Island Lake differed from those described by
Untsman (1915) by having in most cases three spines on the

--
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P. minutum. Formerly P. medianum minutum
Sterki; found in Lake Nipigon.

Valvatidae
V. winnebagoensis
V. lewisi ontariensis. New variety; two small

specimens were also taken by Cahn but were
too young for positive identification.

Planorbidae

I-l. antrosum sayi. Baker and Cahn found all speci-
mens of this species belonged to the variety
royalensis.

I-l. campanulatum minor. A small variety as-
sociated with the large typical campanulata.

G. hirsutus. Baker and Cahn state the distribution
of this species in Ontario is little known.

Physidae
P. sayii
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dorsal surface instead of two. Although three spines were
present on practically all the large specimens, the small ones
frequently had but two and when the third spine was present
it varied in size.

A few ostracods and Cladocera were found among the
material studied. Doubtless great numbers are present in
upper ooze layers but owing to their small size they were lost
in washing the material.

INSECTA

This group was represented for the most part by larval
forms of Diptera, Trichoptera, Odonata, and Ephemeroptera.
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GRAPH 4. Distribution of Amphipoda according to depth
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As these divisions are all very large they will be considered
separately.

Diptera :-Several species, some indeterminable, of
Chironomidae and Chaoborus (Corethridae) make this order
of importance in the lake although, due to the larger numbers
ofiMollusca and Amphipoda, they do not have the numerical
preponderance which they have in Lake Nipigon and Lake
Simcoe. A few specimens from each of the more important
groups were submitted to Professor O. A. Johannsen of
Cornell University, Ithaca, New York, who reports the
following:

Chironomus str. sens.
Cryptochironomus
Chironomus, subgenus endochironomus
Metriocnemus (several species)
Orthocladius
Tanytarsus
Tanypus (Ablabesmyia)
Procladius sens. lat.
Clinotanypus
Bezzia
Culicoides
Chaoborus (Sayomia)

The Chironomidae larvae were found from the shallowest
to the deepest part of the lake. Graph 5 shows their dis-
tribution. The large numbers in the profundal zone are due
to the abundance of Chironomus str. sens., which was the
Illost numerous species and which was not found in water
S~alIowerthan twenty feet. This chironomid was of a large
SIZe,specimens being over 20 mm. in length. In Lake Nipi-
gon this specieswas not present as no specimen of Chironomus
rve~ 10 mrn. in length was taken there. The Tanypinae
~~ly Wererepresented by at least three genera. An exam-
thatton of the stomach contents of several individuals showed
Ie at they fed to some extent on other Chironomidae. Of the

VeralSpeciesof Metriocnemus found in the lake one appeared
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GRAPH 5. Distribution of Chironomidae according to depth

. . . ents thisto be a new species but wlth?ut reanng. expenm the very
could not be positively ascertained. Speclme.ns of e num-
small chironomids, Tanytarsus, and Orthoclad~fushwer d fll'es

. Th lot e san ,erous in some of the dredgmgs. . e arvae. , h ten feet
Bezzia and Culicoides, were taken in water wlt~m t e all lake,
contour. Although Shakespeare I~lan~ Lake IS ~ smRawson
the number of genera of Chironornidae IS larger t an
(1930) reported for Lake Simcoe. . commonly

The larval form of Chaoborus (Sayomyza), more t ken in
d t inhabitant not aknown as Corethra, was a eep-wa er 1 hi form was

water shallower than twenty feet. Althougf t~ l~ake it waS
comparatively numerous in the deep water 0 e ,
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not found in Lake Nipigon and Rawson concludes that large
lakes are not suitable for this genus.

In addition to the Chironomidae and Corethridae a few
Tabanidae were taken.'

Ephemeroptera :-A total of thirty specimens of mayfly
nymphs occurred in the dredgings from Shakespeare Island
Lake. The specimens were identified by Mr. F. P. Ide of the
University of Toronto. Complete identification was impos-
sible in some cases without rearing experiments. The follow-
ing species are reported:

Ephemeridae
Ephemera simulans Wlk.
Hexagenia sp.

Baetidae
Caenis sp.
Callibaetis sp.
Ephemerella temporalis McD.
Ephemerella sp. (bicolour group)

Table 4 contains the details of the occurrence of these
specimens. In order to estimate accurately the numbers of
Ephemeroptera it would be necessary to have a more repre-
sentative series of dredgings both as to time and amount of
bottom covered. Due to the emergence of the adults and to
the preference of the nymphs for particular habitats, their
numbers vary considerably with the season, the type of lake
floor, and the depth of water.

, Ephemera simulans was the most numerous species ob-
:!lIned and probably the most important. This species has a
life cycle of two years, the adults usually emerging in the
datter, part of June or the early part of July. As the six

redgmgs taken during this time were all in very shallow\\Tate . ,
r, It IS probable that the two-year-old nymphs were---

~Both larval and pupal skins appeared from time to time among the material.
<Ired. Were probably washed in with the surface water used in washing the
in....!lOgS but they are of interest as they indicate the times of emergence of the~~ ,
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TABLE 4. Distribution of Ephemeroptera
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-
Species I o. in Date Depth Bottom

Idredging -
Ephemera simulans ... 1 8 July 19 8' 8" Sand and mud

2 24 6' 6" Sand and ooze
2 24 4' 6" Sand and ooze with veg.
1 Aug. 6 6' Mud, sand, and veg.
1 6 7' 9" Mud and sand

Hexagenia ........... 1 July 13 12' 7" Clay and sand
1 28 8' 4" Mud with veg.

Caenis .............. 2 June 27 4' I" Mud and sand with veg,
1 27 5' Mud and veg.
2 July 5 5'10" Mud and veg.
2 5 7' 5" Mud and clay

Callibaetis. . . . . . . . . . . 2 June 27 5' Mud and veg.
2 Aug. 6 3' 6" Mud and veg.

Bphemerella temporalis 1 July 13 12' 7" Clay and sand

Ephemerella .......... 1 Aug. 6 6' Mud and veg.
(bi-colour gr.)

ipigon, no~ ~oes. R~ws~n (1930) Jor Lake Simcoe, but this
is not a positrve indication that It does not Occur in these
lakes as it is rather difficult to take in a dredge.

o members of the family Heptagenidae were taken in
Shakespeare Island Lake. I t is doubtful if the lake provided
many suitable habitats, as the Heptagenidae require, in
most cases, gravel or rocky bottom. Rawson collected most
of the seven species he obtained off exposed, rocky shores.

o shore collections were made in Shakespeare Island Lake
as for the most part the beaches were smooth sand or, where
rocky, the rocks fell off abruptly into water too deep for hand
collection.

. divid I allmissed altogether, for with the exception of one In IVI ua,
the specimens were small in size. d

. hi ··1 t Ephemera anHexagenia has a life- istory sirm ar o. . Both
what has been said about Ephemera also applies to It. h I
are burrowers in mud and ooze. On Jul~ 5 two nym~e:e
skins of Hexagenia occurred in the dredgings: these ia
probably washed in but ~t ~ay be assumed that the Hexagen
were emerging about this time. . h rttoral

The four remaining species were all found In t e: on
zone only. Of these Caenis an? Ep'her;terella are spra: e~:tiC
the muddy bottom while Callibaetis lives among the q the

' h extent asplants and is not a bottom dweller to t e same d. five
others are. Nymphal skins of Callibaetis were foun ':darn-
different dredgings taken from Jul~ 13 ~o.A~u~~ ~. for Lake
stone (1924) does not include Callibaetis III IS IS

Odonata:- The largest organisms found among the
bottom fauna were the dragonfly nymphs which were iden-
tified by Dr. E. M. Walker of the University of Toronto:

Gomphus lividus Selys
Enallagma hageni (Walsh)
Cordulia shurtleffi Scudd.
Somatochlora cingulata (Selys)
Aeshna eremita Scudd.

~he two species which occurred most frequently in the
dredgmgs. were Gomphus lividus and Enallagma hageni, The
three tYPIcally northern genera, Cordulia, Somatochlora, and
Aeshna, were represented along with several damselfly
nYmphs too young for identification. Although, as in other
~~s: the nu~ber of dredgings was too limited for any0; ~Ite conclUSIOns to be drawn, table 5 will give some idea

t e OCCurrence of the Odonata.

re Trichoptera:_ The following families of Trichoptera werePrese t d .
Illi . n e In the bottom fauna of the lake. These deter-
lJn~attO?S were confirmed by Dr. Cornelius Batten of Cornell
can~erslty, Ithaca, N ew York. The precise classification

or be given without working out life-histories:
Polycentropidae
Molannidae
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TABLE 5. Distribution of Odonata

-
Number

Species In Date Depth Bottom
dredging

-G.lividus ........... 3 June 27 l' 4" Sand and debris
2 27 5'10" Mud and veg.
1 July 5 7' 5" Mud
1 25 6' 6" Sand and little veg.
2 Aug. 6 3' 6" Mud and veg.
1 18 5' Mud and veg.

E. hageni ........... 2 Aug. 6 6' Mud and veg.
1 6 3' 6" Mud and veg,
4 18 5' Mud and veg.

C. shurtleffi .......... 1 Aug. 6 3' 6" Mud and veg.
4 July 29 11' 6" Mud and veg.

A. eremita .......... 1 June 27 5' Mud and veg.

S. cingulata ......... 3 Aug. 6 6' Mud and veg.

Unidentified damsel- 1 June 27 5' Mud and veg.
fly nymphs .......

1 July 28 8' 4" Mud and veg.

Leptoceridae
Phryganeidae
Limnophilidae

Coleoptera:- This order was represented by two species
in Shakespeare Island Lake. Dr. W. G. Brown, Entomo-
logical Branch, Ottawa, reported them to be:

Hydroporus consimilis Leconte
Haliplus immaculoides Harr.

Table 7 gives the data concerning these insects.

Neuroptera:- The larvae of the orl fly Sialis injumata(?)
was the only representative of this order found in the lake.
Table 8 gives the distribution of this organism.
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TABLE 6. Distribution of Trichoptera

-
Number

Family in Date Depth
dredging Bottom

Limnophilidae ...... 2 June 27 l' 4" Sand and debris2 27 4' 1" Sand and debris1 July 5 5'10" Mud and veg.4 Aug. 6 5' 6"
1 6 6'

Mud and veg.
1 18 5'

Mud and veg.
Mud and veg.

Leptoceridae ...... " 4 June 27 5' Mud and veg.2 July 5 5'10"
2 5 7' 5"

Mud and veg.
Mud and clay1 24 6' 6" Sand and veg.1 24 4' 6"

1 28 l' 1"
Sand and veg.
Mud and veg.1 29 8' 4" Mud and veg.

Phryganeidae ....... 1 July 5 5'10"
1 5 7' 5"

Mud and veg.

- 1 13 19'11"
Mud and clay

Pol)'Centropidae .....
Clay and grit

1 July 13 19'11"
olannidae

Clay and grit

(Molanna·~;.)· " " 1 July 24 6' 6" Sand and veg.

---- TABLE 7. Distribution of Coleoptera

Species
Number in

~
dredging

Depth Bottom

"'I/is ........ '" 2 5'
1 19'11"

Mud and veg.

1 35'
Clay
Mud

II. '''''''acul
2 40' 6" Mud

oide_____ s ..
. ... " 1 7' 5" Mud and clay
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Number in Depth Bottom
dredging

1 4' I" Mud and veg.
2 6' Mud and veg.
1 8' 4" Mud and veg.
3 12' 7" Clay and sand

~enus of the water mites, the Arrhenurus, was not represented
10 Shakespeare Island Lake. Individuals belonging to several
specIeswere taken from the stomachs of whitefish.
. ynf<;>rtunately, detailed information as to depth and

distribution cannot be given as the data have been mislaid.

TABLE 8. Distribution of Sialis infumata .<?)

HYDRACARINA

The hydrachnids collected in Shakespeare Island Lake
both from the dredgings and also from the stomach contents
of fishes were sent to Dr. Ruth Marshall, who has reported
on them in her paper on Canadian Hydracarina, Marshall
(1929). The following is a summary of her results.

Compared with the number of species found in Lake
Simcoe, the number collected from Shakespeare Island Lake
is very limited, there being twenty-one reported in the (ormer
and only eight in the latter. They are as follows:

Limnochares aquaticus (L.)
Diplodontus despiciens (Mull)
Oxus elongatus novospec. Marshall
Limnesia maculata americana Piers
Unionicola crassipes (Mull)
Huitjeldia rectipes Thor
Piona rotunda (Kram.)
Piona constricta (Wo!.)

Practically all the specimens taken in Shakespeare Island
Lake were females. Of these P. constricta was the most
numerous species. P. constricta, P. rotunda, and U. crassipes
were all found in Shakespeare Island Lake but not elsewh~re
in the Nipigon region, whereas Limnesia undulata, whIch
appeared to be fairly abundant in Lake Nipigon, was nOJ
found in Shakespeare Island Lake. One poorly preserve
specimen was thought to be the new species O. elongatu~
Marshall, which was also found in Lake Nipigon. The larges

OLIGOCHAETA

. Th~ olig~)Chaeteswere found at all depths in the lake but
no identification of species has been attempted. The average
number per square metre was eighty for the whole lake.
G~aph 6 shows their distribution. In Lake Simcoe and Lake
Nlpl~on the number of oligochaetes increased with depth,
but It would appear that the distribution in this lake is not
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GRAPH 6. Distribution of Oligochaeta according to depth
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governed by depth especially as the deepest parts of the lake
were~the least productive of these organisms. In two places
only were they abundant; elsewhere they were scarce.

MISCELLANEOUS

In addition to the groups just discussed the following
were also represented.

Hirudinea :-As no shore collections were made, the two
leeches and the cocoons found give no indication of the
number that may have been present. These were identified
by Mr. Raymond J. Myers, University of Pennsylvania,
Philadel phia, Pa. He reported:

Glossiphonia complanata (Linnaeus)
Nephelopsis obscura (Verrill)
Herpobdellidae (cocoons only).

Table 9 shows th distribution.

TABLE 9. Distribution of Hirudinea

Species Number in Date Depth Bott om
dredging

G. complanata ..... 1 July 29 11' 6" Mud and ve g.

N. obscure ........ 1 Aug. 6 13' 6" Mud and veg.

Herpobdellidae .... 1 June 27 2' 6" Mud and ve g.

(cocoons)
1 July 24 6' 6/1 Sand and ve g. -

Nematoda:-The nematodes were few in number and an
occurred within the littoral zone. The specimens were sub-
mitted to Dr. G. Steiner, Washington, D.C., and the following
report was received:

Pseudomermis brachyura n. s. (undescribed)
Dorylaimus sp.
Gordius villoti Rosa (probably).
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The data concerning these specimens are given in table
10.

TABLE 10. Distribution of Nematoda

-
Species Number in Date Depth Bottom

dredging

-
P. brachyura ...... 1 Aug. 6 7' 9" Mud and sand

-
Dorylaimus sp ..... 2 6 6' Mud and veg.

-
G. rJilloti .......... 1 July 29 11' 6" Mud and veg.

Among the material which made up the dredgings also
occurred fragments of sponges, a few hydra, one planarian
(Turbellaria), parts of adult insects such as dragonflies, and
some fish fry. Probably the two latter came from the surface
water used to wash the material.

Small sticks, roots, seeds, and other kinds of debris were
found, particularly in dredgings from the shallower parts of
the lake. These, and also small stones, sand, and Nostoc
were used by the caddis larvae in the construction of their
cases.

QUANTITATIVE ANALYSIS OF BOTTOM FAUNA

40NATION AND DISTRIBUTION

I For convenience in estimating numbers, Shakespeare
slfnd Lake has been arbitrarily divided into zones at inter-

va s of ten feet depth. These can be grouped to correspond
r:~ghly to the general classification of the benthic fauna in a

t e. The one to ten feet zone may be called the littoral' the
en to tw t f he subli 'the lak en y eet zone t e sublittoral: and the remainder of

proxi e the profundal. The total area of the lake is ap-
Yd) m~elY eIght~-five acres (a calculated area of 408,875 sq.
Pe~c~ able 11 gives the area of the depth zones and the

T~ag~ that each forms of the total area.
the a e littoral zone which constitutes about one-third of

rea of the lake was the most productive part of it both
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as to species and number of organisms. Most species of the
Mollusca, various species of chironomids, including the
genera Culicoides, Bezzia, Metriocnemus, and some members
of the Tanypinae family, the amphipod, H. knickerbockeri, as
well as the Trichoptera, Ephemeroptera, and Odonata were
practically limited to this zone.

The sublittoral zone was the transition zone between the
littoral and profundal and no one species was characteristic of
it. Certain chironomids, particularly Tanytarsus, molluscs
of the genus Pisidium, and oligochaetes were taken in most of
the dredgings; otherwise the region was unproductive except
for A mnicola in the shallower parts and P. hoyi taken in
depths of over eighteen feet.

TABLE 11. Relation of organisms to depth zones

Average
Depth Area of Percentage number of Estimated
zone in zone in of total Number of organisms No. per number

feet sq. yd. area dredgings per sq. yd. per acre
dredging

0-10 127,600 31.2 16 94.8 1,516 7,337,440
10-20 83,625 20.4 7 59.1 946 4,578,640
20-30 112,700 27.6 5 73.0 1,168 5,653,120
30-40 74,775 18.3 4 94.2 1,508 7,298,720
40-50 10,175 2.5 4 63.5 1,016 4,917,440

The profundal zone, which Eggleton (1931) has .defi~ed
as starting a little above the upper limit of the hypolImnIOn,
constituted about one-half of the lake floor in Shake~pea:e
Island Lake. This region was poor in species but rich 10

numbers. P. hoyi, Chironomus str. sens., and Corethra.were
. . h bi . P hoy: wasthe most important organisms In a itmg It.. d

numerous from a depth of eighteen feet to forty feet, a~e
Chironomus str. sens. was abundant from thirty feet to :n-
greatest depth. The percentage which each group o~ orYvenisms forms of the total in the different depth zones IS g
in table 12.
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TABLE 12. Percentage distribution of organisms in the various depth zones

0-10 10-20 20-30 30-40 40-50

Mollusca .......... 63.6 30.9 0.5 0.2 0.4
Chironomidae ...... 9.2 13.3 8.0 19.7 76.4
Corethra .......... 0 0.7 8.0 10.9 11.8
Amphipoda ........ 16.6 36.0 76.4 66.3 9.1
Oligochaeta ........ 4.6 15.5 7.1 2.1 0.8Trichoptera ........ 1.8 0.7
Ephemerida ....... 1.8 0.5
Odonata .......... 1.6 1.2
Miscellaneous ...... 0.8 1.2 0.8 1.5

The numerical distribution of the organisms according to
depth is given in graph 7. Two peaks of abundance appear
in this graph, one at a depth of six feet due to the large
numbers of Mollusca, and the other at a depth of thirty-six
feet as a result of the abundance of Chironomus str. sens. and
P. hoyi. T?ese two peaks are about equal in height but the
one In the littoral zone is much narrower. In this zone was
~ound the. great~st. variation in numbers taken in the dredg-
lOgs.. ThIS varration ranged from a minimum of five to a
maxln~um of 430 individuals, and was due to the great variety
~~habIt~ts found in the littoral zone. It is also natural that
f e maXimum number should Occur at a depth of about six
eer where wave action has ceased and before the more severe

~nd~ttons of deeper water have set in. The minimum num-
an~ I? the lake as shown by this graph Occur between fifteen
thO eIghteen feet in the sublittoral zone. A comparison of
d.·ItS~brap?with the one given by Rawson (1930) for numerical

8 rr uti . L k S'The o~ In a e irncoe shows the same general features.
Sirn peak In the littoral zone in Rawson's graph for Lake

coe does f ri hi h .\lVhih R no rise as Ig as that In the profundal region
tl(~ dawson explains as being due to the long stretches of
life. se shore-line which are practically barren of organic
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SOURCES OF ERROR

In making calculations for the quantitative study, certain
errors were unavoidable. Some errors were due to technical
difficulties, specimens being lost occasionally in emptying the
dredge and washing the material. The incompleteness of
the dredgings also allows a source of error due to the uneven
distribution of the organisms, some habitats being much more
favourable than others. As no seasonal work was done on
the lake, the calculations apply only for the summer popl;lla-
tion and as the dredgings were spread over a period of tune
from June until August, another source of error lies in the
variation of the population during this time. This variatio~,
as already stated, is largely the result of the emergence of adu t

3 6 9 12 IS 16 21 24 27 30 33 36 39 42 45 48
OEPTH IN FEET

GRAPH7. Distribution of all organisms according to depth

~

CRONK: BOTTOM FAUNA OF SHAKESPEARE ISLAND LAKE 59

insects. Although every care was taken in counting the
organisms and in making calculations, a few errors may have
occurred. Within these limits the following calculations may
be taken as correct.

PRODUCTIVITY BY NUMBERS

The number of organisms per square yard for the different
depth zones is given in table 11. This shows the one to ten
feet zone and the thirty to forty feet zone to have approx-
imately 1,500 organisms per square yard; in the ten to twenty
feet zone the production falls below 1,000 per square yard;
elsewhere it is more than this. The average number per
square yard and per square metre for each of the more impor-
tant groups of organisms is given in table 13, with the per-
centage which each forms of the total.

TABLE13. Average number of each organism per sq. yard and per sq. metre
for the lake as a whole with the percentage which each forms of the total

Average number Average number Percentage
per sq. m. per sq. yd. of total

Mollusca ............. 583 488 37.2
Arnphipoda ........... 506 423 32.3
Chironomidae ......... 260 218 16.6
Oligochaeta ........... 80 67 5.1
Core/lira ............. 55 46 3.5
Ephemeroptera ....... 16 13 1.0
Trichoptera ........... 16 13 1.0
Odonata ....... " .... 16 13 1.0
Other organisms ....... 36 30 2.3
~mals (all kinds) .... 1,568 1,311

Taken as a whole the average number of macroorganisms
for Shakespeare Island Lake is 1,311 per square yard (1,568
per sq. m.), which is over 6,000,000 individuals per acre,
making a total for the lake of over 500,000,000 organisms.
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PRODUCTIVITY BY WEIGHT

Table 14 gives the productivity by weight as estimated
for each zone, with the average of 10.33 pounds per acre for
the lake as a whole. An examination of this table shows the
productivity to be greatest in the littoral zone. This is due
to the presence of many large organisms such as the nymphs
of Odonata and the Trichoptera larvae. These organisms
are present in the ten to twenty feet zone also, which is more
productive by weight than the twenty to thirty feet zone,
although numerically the productivity of the two is reversed.
Similarly the forty to fifty feet zone has a greater production
by weight than the thirty to forty feet zone although the
organisms in the latter region are more numerous than in the
former. In this case the abundance of Chironomus str. sens.
in'the deeper water accounts for the increase in weight.

TABLE 14. Productivity of Shakespeare Island Lake by dry weights of organisms

Pounds
per acre

KiJogrammes
per hectareZones

0-10
10-20
20-30
30-40
40-50

Average total production

15.6
6.9
6.6

10.6
11.9
10.33

17.5
7.8
7.4

11.9
13.3
11.59

Individual weights in milligrammes: Odonata, 8.533; Trichoptera, 3.2;
Gastropoda (without shells), 1.98; Ephemeroptera, 1.8; Chironomus str. sens..'
1287' P hovi 0515' Oligochaeta, 0.48; Corethra, 0.474; H. knickerbockerJ,. , . J-' . , . A few
0.203; other Chironomidae, 0.16; Pelecypoda (WIthout shells), 0.12.

d i th bottom fauna.animals belonging to various miscellaneous groups occurre 10 e d
The numbers of anyone species were not sufficient to determine accura~e n;

. hi' I' ht d restimatlon 0weights 50 they have been omitted, whic resu ts 10 a s Ig un e
the productivity; this is practically negligible, however.

.' byRawson (1930) made a comparison of the productIvIty
. . f hi h h d me inter-weight of Amencan lakes rom w IC e rew so
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esting conclusions. Shakespeare Island Lake, however, can-
not be compared satisfactorily with other American lakes due
to the difference in size and in the type of lake basin. Ten
Norweg~an lakes investigated by Olstad (1925) had an average
productIOn of 10.5 pounds' per acre. These lakes were situ-
ated in a rugged .country and would seem to be similar to
Shakespeare Island Lake.

RELATION OF BOTTOM FAUNA TO FISH PRODUCTION

Fishes belonging to six species were found in Shakespeare
Island Lake. They are as follows:

Common whitefish Coregonus clupeajormis (Mitchill)
Spot-tailed minnow Notropis hudsonius (Clinton)
Pike Esox lueius Linnaeus
Yellow perch Perea flaveseens Mitchill
Iowa darter Poeeiliehthys exilis (Girard)
Ling Lota maeulosa (LeSueur). One specimen only

was taken.
. Hart (1931) has made a study of the food of the whitefish

which was the most important fish in the lake and the chief
bottom feeder. He reports that over ninety per cent. of the
food of the larger whitefish of the lake consisted of Chiron-
omus, Corethra, amphipods, Cladocera, and Mollusca. In
table 15, which has been taken from Hart (1931), the average
rrcen!ages of the more important classes of food organisms
or whItefish are given. From the table it appears that the

Y~~ng whitefish live mostly on plankton and the larger
: I.tefish are for the most part bottom feeders, living chiefly
n ImmatUre Diptera and Amphipoda.

and thr the other fishes found in the lake, the yellow perch
Ada he Iowa darter feed to some extent on bottom organisms.
lak~st?n.e (1924) found for larger specimens of the perch of
and D Iplgon the food consisted mostly of Ephemeroptera
~da, whereas the young lived on plankton. Clemens

ICalculated by Rawson from the live weight.
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TABLE 15. Average percentage of the food of whitefish constituted by ea h
the more important classes of food organisms. e of

oS C1l...
Q) ::s.•.. U)

-e 0. '"
U)

is U) (;j ·z
C1l

'"
.•..

c:: U rn C1l E .•... "tl
Length of whitefish ·s "tl oS rn tn Q) 3>l "0 oS c:: Q)

0 ... "0 "0 ... 0 :9 '2 oS <:::
oS 0. Q) 0 0 ::s .S 0. ·c oS 0. '';:;
>< :a o 0. o .•... 0
C1l 0 oS oS ... ... Q) ... e

0. "0 Q) ... E Q) .•... oS C1l C1l ... Q)

0 E oS 0. .•.. ..c:: rn ..c:: ..c:: ..c:: ~ Q) :!2
0 0 <Jl E .•.. oS 0. <Jl .•.. ..c::

Z ~ u 0 0 o ~ :;: .•... :5- u: 0 0- - - - - - - - - - - - - -
13-16 cm .............. 9 88 x x 12
18-20 cm .............. 7 6 34 1 38 1 x 20
23-30 ern .............. 28 13 24 x x 35 1 1 x 1 1 24
31-37 cm .............. 9 28 4 x 31 4 4 2 3 x 25
41-55 em .............. 23 20 41 2 4 2 1 3 1 27

and others (1924) found that the Iowa darter consumed
Hyalella, Ephemeroptera, Trichoptera, and Mollusca, while
the pike lived on other fishes.

SUMMARY AND CONCLUSIONS

Shakespeare Island Lake is the first small Canadian lake
to be intensively studied. The lake is geologically and
geographically different from any American lake previously
studied except Lake Nipigon.

The thermal stratification of the water results in a dis-
tinct profundal zone beginning just above the hypolimnion.
This divides the benthic fauna of the lake into a littoral fauna
cont~ining numerous species and a profundal fauna of few
species.

The Mollusca are the dominant group in the littoral
zone. P. hoyi, Chironomus str. sens., and Corethra are the
chief inhabitants of the profundal zone. Quantitatively
these two areas are almost equally productive.

The following features would indicate that the lake
belongs to the eutrophic type: the gradual slope of the lake
bottom towards a central depression, the thermal and cheI11-
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ical stratification of the water, the quantitative distribution
of the organisms, and certain species inhabiting the profundal
zone.

The productivity of the lake is estimated at 1,568 organ-
isms per square metre with a dry weight of 10.33 pounds per
acre.

A productivity as low as this and the abundance of
P. hoyi, as well as the scarcity of oligochaetes in the profundal
zone, are not general characteristics of an eutrophic lake. The
explanation of this variation lies in the glacial origin of the
lake and its northerly situation in a rocky archaean country.

The common whitefish, Coregonus clupeaformis, is the
most important bottom-feeding fish in the lake. It feeds
chiefly on chironomid larvae and amphipods with which the
lake is well supplied.

One new variety of Mollusca, V. lewisi ontariensis, was
found in the material studied. Other new forms were present
but without working out life-histories they could not be
positively determined.
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