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The bicarbonate alkalinity is low in this case, because
of the interval between the time of collection of the sample
and the time of analysis. The high albuminoid ammonia
content is probably the result of contamination by decom_
posing fish offal on the west side of Orient Bay, not far from
Station 2.

UNIVERSITY OF TORONTO STUDIES
PUBLICATIONS OF THE

ONTARIO FISHERIES RESEARCH LABORATORY
No. 18

THE RATE OF GROWTH AND THE FOOD OF THE LAKE
STURGEON (ACIPENSER RUBICUND US LE SUEUR)

BY

W. J. K. HARKNESS

OF THE DEPARTMENT OF ZOOLOGY

UNIVERSITY OF ALBERTA

TORONTO
THE UNIVERSITY LIBRARY

1923



BE RATE OF GROWTH AND THE FOOD OF THE
T LAKE STURGEON (ACIPENSER RUBICUNDUS

LE SUEUR)

In the spring of 1922, a study of the lake sturgeon
(Acipenser rubicundus Le Sueur) was commenced in Lake
Nipigon. As that lake is one of the last strongholds of the
lake sturgeon, it seemed advisable to investigate the possi-
bilities of maintaining this fish in numbers large enough to
be of economic value. This necessitates a knowledge of
its relations to other fish and to its environment, both of
which are inseparably bound up with its rate of growth
and with its dietary. The present report gives the results
obtained during the season of 1922 regarding these two
phases of its life.

RATE OF GROWTH

The otoliths or ear stones were used in determining
the ages of the fish. Scales, which among the teleost fishes
are generally used for this purpose, were not available,
since the surface of the body is covered with bony plates
which do not show growth areas. Neither can the vertebral
column be used, since it is composed of cartilage, and sections
fail to show any indication of concentric layers. The oto-
liths Occur in the sacculi of the internal ears, one on each
side of the brain case. The sacculus contains a fluid (en-
dolymph), which in turn contains calcium carbonate, 'from
which the otolith is apparently formed by the accretion of the
calcareous particles. The base of the otolith is dark in col-
our, while the remaining portion of it shows well-marked
alternate light and dark areas, indicating periods of rapid
:::d slow growth respectively. Pronounced differences in
fi e rate of growth would naturally be expected in a
bsh which habitually lives in the shallow water of the
Viays and shores. In the summer when the water is

arm, the metabolic process~p of the sturgeon, no doubt,
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16 HARKNESS: GROWTH AND FOOD OF LAKE STURGEO~

proceed at a relatively rapid pace, and the layers of calciul11.
carbonate that are laid down are quite large. Their edges
are consequently far apart, producing light areas on the
otolith. On the other hand, during the winter, when the
water is cold (at 4.00 C. or less), the metabolic processes are
very much slowed down and the layers of calcium carbonate
which are laid down are small. As a result the edges of these
layers are quite close together, forming dark areas which
are very much narrower than the light areas which alternate
with them.

(7 7· ). I gth secondFig. 1. Otolith from sturgeon No. 18, 19.7 ern. . 10. 10 en ,
summer. M.X50.

. L k Nipigon,The sturgeon spawns about June 1 m a e The fry
and the eggs hatch probably two weeks later. . all
..' f 'd th smceapparently start out on a period 0 rap! grow: most
otoliths examined show a clear area before the mn;r with
dark line. Drawings of three ear stones have been n:.ahe from
the aid of a camera lucida. Fig. 1 shows an oto It
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turgeon, 19.7 cm. (7.7 in.), 0.1 lb. in weight (the smallest
a S cimen obtained in this season) and estimated to be in
~pesecond summer; Fig. 2, an otolith from a sturgeon, 30.0
~~ (11.9 in.), 0.3 lb., third summer; Fig. 3, one from a
tu~geon, 56.1 cm. (22.2 in.), 1.7 lb., tenth summer.

S The majority of the otoliths used in this study were
emoved from the fish within a very few hours after capture

:nd were immediately placed in glycerine and preserved
in this fluid. In attempting to determine the age of each

Fig. 2. Otolith from sturgeon No. 45, 30.0 cm. (11.9 in.) in length, third
summer. M. X33.

fish, the usual difficulties associated with work of this nature
Were encountered. The otoliths from the larger fish are
;::ry .thick and the rings often indistinct. Moreover, as
I ey Increase in size the eccentricity or irregularity of the
o~Yers of the. accretion b.ecomes. exaggerated and the lines
in ~?wth which are continuous in such an otolith as shown
Ea hlg. 3, become very much broken as shown in Fig. 4.

C stone was examined under magnification while mounted



in glycerine. Some of the larger were ground down on
very fine grained oil stone and the rings became slight!;
more evident after such treatment. The ages of all the
fish from which otoliths were obtained havinlS been deter_

Fig. 3. Otolith from sturgeon No. 34, 56.1 em. (22.2 in.) in length, tenth
summer. M. X27.

mined, the data available for each fish were compiled in
Table L From these data, the graphs in Fig. 5 were cond
structed with age as ordinate, against length, girth, an
weight respectively as abscissa.
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Fig. 4. Otolith from sturgeon No. 60, 78.0 ern. (30.7 in.) in length, sixteenthsummer. M.X
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TABLE I --
Weight

In
Pounds------------------------------------------

No. of
the

Fish

Date of
taking
1922

Length of
Fish

em. m.

Girth
Age in

em.

10 July 6 47 160.5 63.0 59.0 64.0
11 11 5 48.2 19.0 15.3 1.1
12 11 2 30.0 11.9 9.2 0.3
13 14 37 136.0 53.4 49.0 420
14 14 50 156.0 61.5 53.5 50.0
15 14 38 147.5 57.9 49.0 45.0
16 15 25 100.0 39.5 33.5 12.0
17 15 40 132.4 52.0 48.0 29.0
18 11 1 19.7 7.7 6.5 0.1
19 24 49.0 19.3 16.0 1.3
20 24 3 33.0 13.0 10.5 0.4
21 24 6 54.0 21.3 17.0 1.5
22 26 10 65.0 25.7 17.0 2.1
23 29 7 56.0 22.0 17.0 1.9
24 29 9 61.0 24.0 20.0 2.2
25 29 4 40.3 16.0 12.5 0.6
26 30 7 58.0 22.8 17.5 1.8
27 30 10 65.6 25.9 22.0 3.1
28 31 7 54.5 21.5 17.5 1.6
29 31 5 52.0 20.5 17.0 1.3
30 31 6 54.2 21.4 19.0 1.7
31 31 3 34.0 13.4 10.5 0.3
32 Aug. 1 4 44.3 17.5 13.5 0.8
33 2 10 60.8 24.0 19.5 2.7
34 2 9 56.1 22.2 16.5 1.7
35 2 9 58.8 23.5 18.5 2.1
36 3 3 34.7 13.7 11.5 0.4
37 3 4 48.4 19.0 15.5 1.1
38 4 4 44.9 17.7 16.0 0.9
39 4 4 47.0 18.5 14.5 1.1
40 4 7 60.2 23.7 19.5 2.2
41 5 1 23.5 9. 3 7. 5 0.~
42 5 1 25.3 9.9 8. 2 ~. 2
43 5 1 28.1 11.1 9.0 0'2
44 5 28.0 11.0 9.5 0~3
45 5 2 30. 0 1.1.9 9. 5 O.3
46 5 2 30.0 11.9 10.5 5.7
47 5 15 79.6 31.4 26.0 5.1

__ ~48~ ~5~ 1_2 77_._2 3_0_.4 2_5_.0__ --------

-

7
6
3

17
10
15
18
22
19
13
15
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The number of the fish in column 1 refers to the labora-
tory tag number of the sturgeon, and the same number is
used in both the rate of growth and the food references.
The otoliths from sturgeon 1-9, 19, 44, 54, and 65-68 were
n.0t examined. All measurements in length are from the
tip of the snout and the tip of the dorsal portion of the tail.

The graphs show that during the first five years the
stu.rgeon increase very rapidly in length, but very little in
weighr. In the next ten years there is a falling off in the
~ate of growth in length, the total for the ten years being
ess. than that for the first five. At the same time there is

at sltght increase in the rate at which weight is added the
atal '. . '. gain In weight for the ten years being four times the

:heIght at the end of the fifth year. About the age of twenty
u tif rate of growth in length becomes still slower and more
~l arm, while after this period the increase in weight

comes more rapid with increasing age (Fig. 6). The

TABLE I+Continued

~
o, of Date of
the taking
Fish 1922

Age
Length of

Fish
em. m.

8
8

10
9
5

Aug. 5
5
5
5
5
5
5
5
5
9
9

19
19
19
19
19
19

60.2
60.4
66.3
62.9
50.7
62.5
60.5
55.1
36.5
87.3
74.7
78.0
89.0
89.0
90.5
74.2
76.5

23.7
23.8
26.1
24.8
20.0
24.7
23.8
21.8
14.4
34.4
29.4
30.7
35.1
35.1
35.7
29.3
30.0

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
69

Girth Weight
in

Pounds
in

em.

20.0
19.0
21.5
19.5
17.0
20.5
19.0
17.0
11.0
24.5
23.0
31. 5
30.0
33.0
35.2
28.0

2.1
2.4
3.3
2.7
1.2
2.3
2.3
1.5
0.4
6.5
4.1
5.1
6.4
8.4
9.8
4.2
4.0
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irth increases with the ages in approximately the same
;atio as the length.

By extending graphs obtained from the data covering
Lake Nipigon sturgeon, it is possible to estimate the age of
a fish of which we know the length or weight. The largest
sturgeon taken from Lake Nipigon was caught in 1919. It
weighed 99 pounds and was approximately 180 cm. (6 feet)
in length. By reference to the graph, Fig. 5, this sturgeon
would appear to have been 63 years old. On June 29, 1922,
a large sturgeon measuring 225 cm. (7 feet 6 inches) was taken
near Sault Ste. Marie by Mr. La Pointe, fisherman. Un-
fortunately it was impossible to secure the otoliths of this
specimen, but a photograph was obtained of the fish, as
well as data regarding size, capture, etc. Although it was
taken from Lake Superior, there is little doubt that its
rate of growth would be approximately the same as that of
a sturgeon in Lake Nipigon. By extending the graph as
noted above, it is found that this sturgeon was probably
99 years old.

In all fish which were less than 22 years of age it was
impossible to determine the sex by macroscopic examination
of the reproductive organs. In older fish the sex was readily
determined. It is interesting to note that between the ages
of 20 and 25 years great changes occur in the outward
appearance of the sturgeon. The snout becomes shorter
and blunter; the sharp points of the shields disappear;
the shields themselves become smoother, and some apparently
are entirely resorbed. Without doubt these changes are
?-ssociated with the attainment of sexual maturity which
IS reached apparently at about 22 years of age. Although
a fe.male may become sexually mature at this age, it is not
untIl after the age of about 30 years that she begins to
~roduce a large number of eggs. Therefore, the taking of
f:h of 3? y~ars or less diminishes greatly the production of
.y and IS likely to result ultimately in the complete deple-

tion of the sturgeon.
. Table II gives the rate at which sturgeon increase in

Weight at different periods of their life.
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From a study of Table II it may be seen that until the
age of 30 years the sturgeon has increased very little in
weight, but thereafter it begins to fill out and form a first-
class marketable fish. In dressing a fish for market, it may
be noted here, the removal of head and viscera reduces the
weight by one-third.
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TABLE II .

20 30 50

LenqH'\ in Inchas

Fig. 6. Graph showing relation of weight to length of sturgeon in Lake
Nipigon.

At the present time there is a regulation in Ontario
which prohibits the taking of sturgeon under 105 ~m. (i2
inches) in length. Sturgeon of this length are apprOXlIT~ate.Y
27 years of age (Table II). The wisdom of this regulatIOn 15

Period of
years

Increase in
weight in lb.

Increase in length
ern, in.

0-10
10-20
20-30
30-40
40-50
50-60

0-3
3-8
8-17

17-32
32-60
60-89

0-66
66-92
92-115

115-136
136-155
155-175

0-26
26-37
37-46
46-54
54-62
62-70

quite evident, but the data presented in this paper may
warrant the enactment of legislation to prevent the taking
of even larger sturgeon. I t is suggested that the taking
of no sturgeon under 127 em. (50 inches) in length, that is
about 35 years of age, would ultimately be in the best interest
of the sturgeon fisheries. Such legislation would have the
double advantage of allowing an increased number of sturgeon
to spawn for eight additional years, and as pointed out above,
of enhancing the value of the fish taken.

THE FOOD OF THE STURGEON IN LAKE NIPIGON

Review of the Literature
Ryder (1888) gives a rather full account of the food of

the sturgeon (Acipenser sturio) at different stages of its
development. During the first three months, the food
consists of minute plant forms such as diatoms, Infusoria,
!?--hizopoda, worms; microscopic shrimps, larvae of aquatic
tnsects, etc. When one to two inches in length the little
fish feeds upon Cladocera, worms, insect and fish larvae.
The mature sturgeon has a dietary consisting of the larger
~rustacea.ns, shrimp-like isopods and amphipods, and Mol-
usca, as well as microscopic organisms.
I Ehrenbaum (1892?) found in the alimentary tract of

eleven-day sturgeon (Acipenser sturio) small filamentous
a gae, and in fish a month old, large numbers of Daphnia.

Milner, as quoted by Goode (1884), holds that the
sturgeon (Acipenser rubicundus) of the lakes, subsists almost
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entirely on the Mollusca, principally the Gastropoda. Th
same author is quoted by Forbes and Richardson as record' e
that in the vicinity of grain elevators the stomachs of sturg Ing
are sometimes found well filled with wheat and com. eon

Evermann and Latimer (1910) report work done b
Woolman, who in 1894 examined 55 sturgeon (Acipen Y
rubicundus), from the Lake of the Woods, for stom:;~
contents. Of these, 2~ were empty; 28. contained one or
more crayfish; 6 contained Mollusca; 6., insect larvae; 1, a
fish egg; 1, a fish vertebra; 1, a hazelnut; and 8, gravel
They ~lso report an exc:mination of several Oregon sturgeon:
~ species r~lated to Acipenser rubicundus, which were taken
m Sn~ke River, Ida~o. Of these a twenty-five inch specimen
con tamed eleven minnows: and some larger specimens con-
tained ?everal suckers, which were about one foot in length.

Pnnce (1899) records that in sturgeon sent to him from
the rivers of British Columbia he found large quantities of
a small smelt-like fish, the Oolachan, which ascends the
rivers of British Columbia in great schools at the spawning
season. The same writer reports that the alimentary tracts
of the sturgeon from the St. John River, N.E., revealed
e~?rmous numbers of fresh water Mollusca, as well as quan-
tities of mud, and masticated vegetable ooze containing
numerous unicellular algae, and leaves and stems of higher
aquatic plants.

Clemens and others (1921) examined the stomach
contents of 12 individuals (Acipenser rubicundus) from Lake
Nipigon. Three of these sturgeon were 44, 44 and 53 centi-
metres in length and were taken off the mouth of Blackwater
River in a net of small mesh. The remaining nine were all
over 107 centimetres in length, and were taken in com-
mercial pound nets along the east shore of Lake Nipigon.
The contents of the alimentary tracts of these fish consisted
largely of Ephemerida nymphs and Mollusca, with a con-
siderable quantity of fish remains and Chironomidae larvae
and small quantities of other animals and a few plants.
These results have been included in Table III, with the
results obtained in the present investigation.
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Methods

During July and August of 1922, sturgeon (Acipenser
rubicundus) ranging from 23 centimetres to 160 centimetres
in length were taken from as many parts of Lake Nipigon
as possible, and the contents of their alimentary tracts were
preserved. Various methods were used in taking these
fish depending on their size and habitat. The fish from
Humboldt Bay were taken in commercial gill nets of 12
inch mesh.' These nets were generally set out from a
point of land and the sturgeon were caught while rounding
the point from thirty to sixty feet from shore. The fish
from Sturgeon River were caught in gill nets of 2, 3, and 4Yz
inch mesh. These nets were set completely across the river
always within one-half mile of the mouth. The Blackwater
River specimens were taken in gill nets of 3 and 4Yz inch
mesh, set some distance out from the mouth of the river
and at right angles to the shore-line of the lake. The bottom
at this place is extremely rocky with sand among the rocks.
Some of the fish taken in Gull River were caught in gill nets
of 3 and 4Yz inch mesh, and set from shore to shore about
three quarters of a mile up the river. The larger sturgeon
from Gull River were taken on hooks of set lines, stretched
across the mouth of the river by Indians. The size of the
fish, the locality where taken, and, as far as is known, the
depth of water from which they were taken are given in
Table III.

. The methods used in dealing with the contents of the
alImentary tracts were as follows: When possible, the fish
was opened almost immediately upon being brought ashoret: the nets had been lifted. The material was cleaned
rom the alimentary tracts and preserved in 70010 alcohola se . bei I( ,

W
pa~ate Jar emg used for the material from each fish.

hen t . ib_ I was Impossl Ie to open the fish for a few hours
1 The range in size of fishcaught by nets of various size of mesh is as follows:

2 inch mesh,-fish from 23 to 30 cm.
3 inch mesh,-fish from 30 to 49 em.
4! inch mesh,-fish from 44 to 79 cm.

12 inch mesh,-fish from 100 to 160 cm.
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after taking it from the net, a 10% or stronger solution f
formalin was forced down the alimentary tract with a syring

O

This hardened the walls of the tract and preserved the coe~
tents in perfect condition until the fish was opened, Wh~
these preserved contents were placed in 70% alcohol. The
contents of the alimentary tract of 61 sturgeon were examined
but as the first three and the next two were grouped together'
each of these groups is considered as one fish, and the total
number examined may be regarded as 58. The reason for
thus grouping these first five was that the contents of their
alimentary tracts were placed in two jars, no more jars
being available at the time. The last eight sturgeon recorded
in the tables had formalin forced down their alimentary
tracts, all of the fish were then preserved in formalin, and
they were not opened until two months after catching. The
stomach contents were in good condition, but not so good
as those from the fish opened at the lake. In determining
the percentage estimates of the food in each fish, the first
process was to separate the different groups of organisms.
The number of specimens in each group was then counted,
and each group was placed in a separate bottle in 70%
alcohol. All of the bottles containing the food of one fish
were placed side by side and direct measurements were
made of the contents of the bottles. From these measure-
ments the percentages were deduced. The data obtained
by these methods are presented in the following tables.

In one horizontal column the percentage estimates are
given. In the accompanying column is indicated the number
of organisms of each group occurring in each sturge?n.
Owing to disintegration it was not always easy to deter~tne
the actual numbers, as often only half or less of an organt~m
was present. This is indicated by a X sign after the nu.m er
representing the organisms actually counted. The Sign f
in this column refers to numerous organisms or pa~ts ~e
organisms, usually too much broken up even to esti:n~n
their numbers. The sign X in the percentage co U nt
indicates an amount estimated to be less than one per ce .
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TABLE III-continued
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17 July 15 132.4 Humboldt 6 % x x 1 90 1 3 4 1
Bay No. a 4 1 372 1 7 49 a

19 July 24 49.0 Gull River 15 % x 3 25 68 1 2 x x 1
No. a 1 155 162 1 19 2 1 1

20 July 24 33.0 Gull River 15 % x 100 x x
No. 1 47x 1 1

21 July 26 54.0 Blackwater 10 % x 14 81 2 x 3
River No. 1 83 513x 6 1 4

22 July 26 65.0 Blackwater 10 % x 1 1 98
River No. 3x 6x 1 17

23 July 29 56.0 Blackwater 10 % 6 2 81 x 11
River No. 4 9 1534 a 23

24 July 29 61.0 Blackwater 10 % 52 4 20 5 18 x 1
River No. 149 24 157 40 47 a 7

25 July 29 40.3 Blackwater 10 % 46 46 7 1
River No. 2 15 2 2

20 July 30 58.0 Mouth of
Blackwater 8 % 55 9 20 x 2 14 x x
River No. 34x 34 14 a 5 29
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27 July 30 65.5 Mouth of
Blackwater 8 % 85 13 2
River No. 3 3 4

28 July 31 54.5 Blackwater 12 % x 15 8 30 1 33 9 3 x x 1
River No. 10 357 24 1390 26 1 14 5 1 a 5

29 July 31 52.0 Blackwater 12 % 48 7 43 x 1 1 x
River No. 100x 88 901 1 a 1 a

30 July 31 54.2 Blackwater 12 % 5 1 57 37
River No. 24 2 16 a

31 July 31 34.0 Blackwater 12 % 10 75 15 x
River No. 2 97 1 10

33 Aug. 2 60.8 Blackwater 20 % 5 3 85 2 5 x
River No. 9 6 876 1 4 3

34 Aug. 2 56.1 Blackwater 20 % 7 10 60 13 9 1
River No. 13 100 776 47 12 3

35 Aug. 2 58.8 Blackwater 20 % 60 2 6 10 20 2
River No. 41 10 25 9 19 2

36 Aug. 3 34.7 Blackwater 20 % 87 10 x 1 2 x
River No. 101 112 1 3 8 a



TABLE III-continued

'"
..,

'" '"'"
...<:: ...<:: .., >.., ...<:: 0. ... cJ'" 0. e 0. '" '"> e s > - .•.... e-, ... '"

..,
E ~ » e » '" .,

'" in
.., -0... c:: - ~ :a(J e ..,

~
e ~ e c:: .•.

-0 c:: -0

~ .., ~ e e .;; e OJ OJ
e ~ e •... ~ •... ;; '" 0 OJ '" \J::~ e ... •... ~ .,•.. ao .- '" ~ ec '" "<l ec ..

~
<:l s bIJ 0. 0 e <Il ·z.... ~ .~ {t ~ ~ ~ '" " ~.., ...<:: .•. '" ... '" ~ '" OJ bIJ OJ c::.D .•. -:5-:;- <i "<l ..S;! ~ '" ~

'" '" '" ~ •.. OJ e (J OJ OJe OJ bIJ .., •.. '" '" ..S;! -0 >(J f:: ~ ~ e .::1 "
•.. ~ ...<:: ...<:: OJ ::l -0

~ c '"
0. OJ .. ;: " ~ ~ ..S;! ... ...

~ '" <Il OJ '" •.. '" '2::l Q) OJ

~ ~
sc ~ ~ ~ ..S;! •.. OJ •..OJ 0: ~ ~ ~ ~ 0.

Z 0 ....l 0::::- ~ ~ ~ ~ \.) 0 0 (FJ 0 ::J

37 Aug. 3 48.4 Blackwater 20 % 5 9 80 3 1 1 1
River No. 14 40 762 6 1 1 4

38 Aug. 4 44.9 Blackwater 15 % 50 7 42 x 1 x x
River No. 61 61 1 1 2 1 a

39 Aug. 4 47.0 Blackwater % 5 30 60 1 1 2 1 x
River No. 2 26 23 1 1 1 2 a

40 Aug. 4 60..2 Blackwater 15 % 2 1 94 3
River No. 1 1 617 4

41 Aug. 5 23.5 Sturgeon 15 % 93 5 2
River No. 150 12 3

42 Aug. 5 25.3 Sturgeon 15 % 97 3
River No. 64 6

43 Aug. 5 28.1 Sturgeon 15 % 97 2 1
River No. 56 5 1

44 Aug. 5 28.0 Sturgeon 15 % 100 x
River No. 4 a

45 Aug. 5 30.0 Sturgeon 15 % x 95 3 2 x
River No. 3 112 10 9 1

4() Aug. 5 30.0 Sturgeon 15 % x 96 4 x
River No. 2 49 8 1
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47 Aug. 5 79.6 Sturgeon 8 % x x 86 x 13 x 1 x x x
River No. a 2 14 6 265 2 a 2 2 a

48 Aug. 5 77.2 Sturgeon 8 % 1 1 2 85 1 4 6 x
River No. 3 1 9 329 3 20 30 a

49 Aug. 5 60.2 Sturgeon 8 % 62 10 8 1 13 2 4
River No. 35 12 2 1 12 2 9

50 Aug. 5 60.4 Sturgeon 8 % 2 20 20 10 45 3 x
River No. 35 47 16 2 174 3 1

51 Aug. 5 66.3 Sturgeon 8 % 42 8 5 34 8 3
River No. 58 31 3 63 25x a

52 Aug. 5 62.9 Sturgeon 8 % 28 2 3 63 1 1 1 x 1
River No. 481 18 24 1142 19 1 a a a

53 Aug. 5 50.7 Sturgeon 8 % 70 11 4 10 3 2
River No. 71 6 1 30 2 a

54 Aug. 5 62.5 Blackwater 10 % 2 94 2 2
River No. 11 640 x x

55 Aug. 5 60.5 Blackwater 10 % 8 22 11 41 1 8 2 7
River No. 2 10 40 464 1 7 1 8

56 Aug. 5 55.1 Sturgeon 15 % 2 14 79 2 2 1
River No. 1 15 13x 1 6 1

------------------------------~---------j
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57 Aug. 5 36.5 Sturgeon 15 % 6 69 8 9 6 2
River .No. 1 114 4 2 38 2

58 Aug. 8 87.3 Gull River 15 % x 86 5 4 5
No. 1 79 15 7 25

59 Aug. 9 74.7 Gull River 15 % 4 x 42 x 3 x 50 x 1
No. 308 2 212x 2 192 8 13 a. a.

60 Aug. 19 78.0 Gull River 15 % 2 93 4 1 x
No. 10 510x 18x 2 a.

61 Aug. 19 89.0 Gull River 15 % 1 25 3 70 x 1
No. 24 161x 22 25 a. 4

62 Aug. 19 89.0 Gull River 15 % 3 83 4 10 x
No. 100 800x 46 2 a.

63 Aug. 19 90.5 Gull River 15 % x 2 1 86 5 6 x
No. 1 1 1 33x 2 1 a.

64 Aug. 19 74.2 Gull River 15 % x 3 86 2 8 x 1
No. 3 4 08x 36 32 2 5

65 Aug. 50.6 Lake % x 20 x 41 37 2
Nipigon No. 1 130 1 25x 202 5

66 Aug. 4.8.1 Lake % 90 10
Nipigon No. 487 74

61 A.ug. 17.0 Lake % x 4 80 6 10
t\ipigon No. 1 3 75x 14 1

TABLE IV-SUMMARY
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Number of sturgeon
storrf'achs in which
found ............. 19 4 13 5 8 3 34 10 30 55 38 9 4 23 29 16 24

Average percentage
stomach contents of
sturgeon of preced-
ing column ........ 0.1 2.8 14.2 58.0 1.3 4.0 57.3 38.3 21,9 11. 6 24.6 30.6 3.0 0.5 5.4 11.4 1.2

Total specimens ob-
tained from all stur-
geon .............. 76 57 1951 934 148 5 6410 285 625 4403 8135 61 24 32 268 168 86

Percentage stomach
contents of 58 stur-
geon .............. 0.2 3.2 5.0 0.2 0.2 33.6 6.6 11.3 11.0 16.1 4.7 0.2 0.2 2.7 3.2 0.5

Percentage stomach
contents of 12 stur-
geon year 1921. .... 3.6 35.6 9.4 31. 9 19.0
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Additional Data on the Tables

Only a few of the specimens present in the stomach
contents have been identified with certainty. These identifi_
cations are as follows:
(4-5-6) EpH.EMERIDA Nymphs: Ephemera simulans (18);

Hexagenia bilineata (204).
MOLLUSCA: Lymnaea stagnalis (1); Sphaerium sp? (1)
ALGAE: Ulothrix (1); Melosira (1); Chara. .

(7 -8) EPHEMERIDA Nymphs: Ephemera simulans (1); Hexa-
genia bilineata (1035).

MOLLUSCA: Planorbis sp? (1).
DECAPODA: Cambarus virilis (1).

(9) No stomach contents.
(10) EPHEMERIDA Nymphs: Ecdyurus maculipennis (3);

Heptagenia canadensis (2); Hexagenia bilineata (67).
MOLLUSCA: Planorbis parvus (1); A mnicola limosa (3);
Amnicola sp? (1); Sphaerium sp?
DECAPODA: Cambarus virilis adult P4), young (900).

(11) ALGAE: Rivularia sp? (1).
(13) DECAPODA: Cambarus virilis (1).

ALGAE: Rivularia sp? (a).
(14) MOLLUSCA: Planorbis antrosus; Amnicola limosa; Valvata

sincera; Pisidium sp?
AMPHIPODA: Pontoporeia hoyi.
ALGAE: Cladophora (a); Rivularia (a); Chara (a).

(15) DECAPODA: Cambarus virilis (8). .
(17) MOLLUSCA: Lymnaea galbana; Planorbis parvus; Amn»:

cola limosa; Valvata tricarinata; Pisidium compresst~~.
AMPHIPODA: Pontoporeia hoyi (3); Hyalella kmc er-
bockeri (1).
ALGAE: Rivularia (a); Chara.
ELODEA.

(18) No stomach content~. . . . ? (1).
(19) MOLLUSCA: Planorbis parvus (1); Pisidcum sp

ALGAE: Rivularia.
(20) MOLLUSCA: Pisidium sp? (1).
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) MOLLUSCA: Lymnaea sp? (500); Amnicola sp?; Planorbis
(21 parvus (12); Valvata tricarinata (1).

AMPHIPODA: Hyalella knickerbockeri (1).
ALGAE.

(23) ~LGAE: R,ivularia; N ostoc.
(28) AMPHIPODA: Pontoporeia hoyi (357).
(29) ALGAE. . .
(30) FISH: pygosteus pungittus (1).

Unidentified material consists of very small portions of
Cladocera, Copepoda, A mphipoda and other inverte-
brates.

(32) No stomach contents.
(38) FISH: Pygosteus pungitus (1).

CLADOCERA (1).
ALGAE.

(45) Ten legs of Anisoptera nymphs.
(46) CLADOCERA.

ALGAE.
(49) Twelve parts of Anisoptera nymphs.

ALGAE.
(50) Sixteen parts of A nisoptera nymphs.

AMPHIPODA: Pontoporeia hoyi (a).
(52) One scale of a fish.

AMPHIPODA: Pontoporeia hoyi (a).
(53) Six legs of Anisoptera nymphs.
(59) One small fish.

Twelve large pieces of fish flesh.
AMPHIPODA: Pontoporeia hoyi (a).

(60) AMPHIPODA: Pontoporeia hoyi (10).
(61) Twenty-five pieces of fish flesh.

AMPHIPODA: Pontoporeia hoyi (8); Hyalella knicker-
bockeri (16).
ALGAE: Rivularia; Vaucheria; Dichotomosiphon sp?;

(62) Oedogor:ium; Spirogyra; Diatoms.
Two pieces of fish flesh.

(64) AMPHIPODA: Hyalella knickerbockeri (1).
(65 ALGAE: Spirogyra; Chara.

) AMPHIPODA: Pontoporeia hoyi (a).
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b ndant and more easily obtained food will come first,
a U rdless of its ingredients. If this readily obta'ined food
~eg~t forthcoming, the sturgeon will go in search of some of
i~snregular diet of Chironomidae larvae, Mollusca, and Ephe-
merida nymphs.

The other organisms which constitute a smaller per-
ntage of the food do not, in this investigation, appear of

ce I· . h hat Iuch importance. t IS easy to concerve, owever, t at m
: scarcity of other ~ood, or in an area where some of these
organisms are particularly abundant, the sturgeon could
make more use of them than it does on the evidence of these
records. Even here, when all grouped together, this mis-
cellaneous material constitutes no inconsiderable percentage
of the total food.

As far as can be learned from this investigation and
from other trustworthy data, the sturgeon does not appear
to feed to any extent upon the eggs or fry of fishes. Although
there are records of sturgeon taking other fish as food, these
records are very few and of a nature which should not
cause the sturgeon to be considered a predaceous fish. Ever-
mann (1910) reports finding specimens of adult suckers in
sturgeon. As sturgeon are infinitely more valuable than
suckers this is not to be deplored. Prince (1899) notes
that the sturgeon of British Columbia ascend the rivers
during the spawning season of the Oolachan. These Oola-
chan also ascend the rivers in practically solid shoals which
are so dense that a sturgeon with its tube-like mouth could
?<l;rdlyavoid taking some in. If some of these fish became
lUJured or sick and settled to the bottom, as is almost certain
to be the case where such large numbers are present, they
Would be still more easily taken. Although the sturgeon does
!~~e a large number of these fish, at this period of the year,
th IS number must be an almost infinitesimal percentage of

e total number present in one stream.
e' That an abundance of food suitable for the sturgeon
A~sts in Lake Nipigon, is evident from a survey made by
widamstone an.d Harkness (1923). This survey indicates a

e and ulllform distribution of Chironomidae larvae,

(66) AMPHIPODA: Pontoporeia hoyi (a).
(67) One fish vertebra.

A large number of Trichoptera larval cases have been
opened and a great many of them (over 50%) contained
larvae. Among the Chironomidae larvae there is a small
percentage of Chironomidae pupae. Of the Mollusca, 140 are
Gastropoda and 7995 are Pelecypoda (Sphaeridaei)

Discussion
From an examination of the tables and from comparison

of the data previously obtained, the following facts are
manifest. Chironomidae larvae, Mollusca and Ephemerida
nymphs constitute the basic food supply of the sturgeon.
Chironomidae larvae occur in every locality; Mollusca Occur
almost as frequently and generally in larger numbers; while
Ephemerida nymphs occur in every locality except that off
the mouth of Blackwater River, where the bottom is very
rocky and sandy. The Trichoptera larvae also form a very
staple article of diet and occur in large numbers where the
Ephemerida nymphs are scarce or entirely wanting. In
some areas other organisms may abound and be more readily
procured on account of their large numbers, or because of
the fact that they are not buried in the mud to the same
extent as those organisms forming the sturgeon's regular
dietary. The sturgeon may feed almost entirely on these
and the amount eaten of the otherwise staple diet articles
become practically negligible. Instances of this are seen
in the case of the Decapoda, Anisoptera, Amphipoda,
and fish remains; in the case of Prince's reference to the
Oolachan of British Columbia; and again in Milner's rf:!cord
of the sturgeon eating large quantities of corn and w~eat
in the vicinity of grain elevators. From these obse~atl~~:
it seems reasonable to conclude that the sturgeon wIll t
anything of food value that it can find; also that the ~

lThe writer is indebted to Professor A. G. Huntsman and to Mr. E. MO~~
. I d to membersfor the identification of Decapoda and Algae respective y, an .. of

the Ontario Fisheries Research Laboratory for assistance in identificatIOn
various other organisms.
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Mollusca, Ephemerida nymphs, Trichoptera, and Amphipod
From data obtained later it is evident that apart from th«
uniform distribution of these organisms, there are also bede
where the Decapoda, and A nisoptera nymphs are particularl;
abundant.

The fish of greatest importance commercially in Lake
Nipigon is the whitefish, Coregonus clupeaformis. Although
the value of the annual catch of sturgeon is not as great as
that of the whitefish, yet the sturgeon is economically
entitled to no little consideration, both because of its highly
esteemed flesh and because of the great demand for caviar
made from its eggs. The whitefish feeds largely upon Chiro-
nomidae larvae, Mollusca, and Amphspoda (Clemens and
others, 1921), which, as has been shown in this investigation,
also constitute an important part of the sturgeon's food.
Nevertheless, it is unlikely that keen competition exists
between the whitefish and the sturgeon, since the whitefish
is found chiefly in deep water, whereas the sturgeon lives in
the shallower bays and in the mouths of the rivers. In this
way their feeding grounds are distributed over different
areas, and they do not encroach on each other to any con-
siderable extent.

In so far as this preliminary work on the food of the
sturgeon demonstrates the facts of the case, it would appear
that the sturgeon is not detrimental to the welfare of other
valuable fish either as a predatory agent or as a competitor
for food. In view of the economic importance of this fish,
and since it has been shown that there is an abundance of
food material in Lake [ipigon, it seems advisable t~a~ an
attempt be made to maintain the sturgeon in Lake IIplgon
in numbers equal to or even greater than those now present.

General Summary
1. This investigation has shown that the use of otoliths

for determining the age and the rate of growth of the sturgeon
is satisfactory.

2. The sturgeon in Lake Nipigon may attain an age
of at least 50 years.

II
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3. During the first twenty years, increase in length of
h sturgeon is rapid, whereas increase in weight is slow.

~u~sequentlY .increase in length be.comes slower, whereas
increase in weig h t becomes more rapid.

4. It appears that the sturgeon does not become sexually
mature until about 22 years of age, when it is approxi-
mately three feet in length.

5. It is suggested that the taking of no sturgeon under
35 years of age (50 inches in length, 27 pounds in weight)
would result in ultimate benefit to the sturgeon fisheries.

6. The sturgeon is a bottom feeder whose food consists
chiefly of Ephemerida nymphs, Chironomidae larvae and
Mollusca, with the addition of considerable quantities of
A mphipoda, Decapoda, Odonata nymphs, Trichoptera larvae,
fish and plant stuffs.

7. It does not appear that the sturgeon enters into
serious competition with the common whitefish (Coregonus
clupeaformis) since it obtains its food in shallow water.

8. In view of the facts brought out in this investigation
it seems advisable that an attempt be made to maintain
the sturgeon fishery in Lake Nipigon.
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