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A COMPARATIVE STUDY OF LAKE TROUT FISHERIES
IN ALGONQUIN PARK, ONTARIO

ABSTRACT

Algonquin Park, Ontario, contains many lakes in which there are distinct
populations of lake trout, Cristivomer namaycush Walbaum. The lake trout in
different populations grow at different rates, mature at different sizes, and are
presert in different densities. They are also subjected to different fishing
intensities. The fishing offered by these populations has been studied by the
method of the creel census, and some populations have also been made the object
of a biological investigation. The lake trout fishing in a given lake has been
found to depend on the migratory and feeding habits of the lake trout and on the
density of the population. A relation has been found between the average size
of the lake trout captured and the number taken per unit effort. This relation
is independent of the size of the lake but is dependent on the rate of growth
of the lake trout and the size which they attain before reaching maturity, The
application of catch statistics to the management of lake trout fisheries is dis-
cussed, and a management programme for these of Algonquin Park is outlined.

INTRODUCTION

Great strides have been made in the artificial propagation of
game fish and in devising methods for the improvement of spawning
facilities and the food supply in lakes and streams. The successful
application of these methods to the conservation of sporting fisheries
requires a knowledge of game fish populations. Then too, anglers
still depend in large measure on wild populations of game fish to
furnish their angling. The management of wild populations also
requires an understanding of the relations which exist between the
angler and the object of his sport.

In 1936 the Ontario Fisheries Research Laboratory began a
study of the populations of the lake trout, Cristivomer namaycush
Walbaum, in Algonquin Park lakes. The object of this investiga-
tion was to build up a picture of lake trout fishing based on informa-
tion that may be obtained from anglers, and to seek an inter-
Pretation of this picture through a biological study of these lake
trout and of the waters which produced them. The Laboratory
sought this knowledge to determine whether such a study would
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8 LAKE TrouT FISHERIES IN ALGONQUIN PARK

vield information on which a programme of management of the
lake trout fisheries in Algonquin Park could be based.

Algonquin Provincial Park has an area of approximately 2,700
square miles. It lies on the Precambrian shield to the south and
west of the Ottawa river. The parallels 45° 45’ N. and 78° 30’ W.
intersect near its centre. The land rises to an altitude of over
1,400 feet. Four river systems rise in the area, the water all finally
reaching the sea by way of the St. Lawrence although travelling
quite diverse paths to arrive there. There are innumerable lakes
of which a great many contain populations of lake trout. Most of
the country is covered with the forest typical of the transition zone.
Two railroad lines and one motor highway pass through the Park;
travel off these beaten routes is by water and also to an increasingly
greater extent by air.

The large number of separate populations of lake trout and the
great diversity of conditions under which they exist in the lakes of
Algonquin Park present a most favourable opportunity for a com-
parative study. The Park lakes in which lake trout are found vary
in area from a few acres to over twenty square miles. The lake
trout in them differ considerably in the maximum size which they
attain and in the size at which they reach maturity. Fishing
intensities to which these waters are subjected are equally diverse.
Many lakes bordering the railroads and the newly constructed
highway have been fished heavily. In one instance for which we
have records, Cache lake, it has been estimated (Doan, 1938) that
in the neighbourhood of 90 per cent of the lake trout of catchable
size were taken in one season. Other lakes, particularly small enes
at the ends of hard portages, may be visited by only a single party
of anglers in a year.
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METHODS OF INVESTIGATION

This investigation was based upon a study of the information
on lake trout fishing recorded by means of the Algonquin Park
Creel Census. To interpret these angling statistics, the viscera of
numerous lake trout were examined and a certain amount of experi-
mental gill netting was undertaken.

The Algonquin Park Creel Census is carried out by distributing
form cards to anglers fishing Algonquin Park waters. One of these
cards is illustrated in figure 1. For certain lakes an intensive
census is taken by workers of the Laboratory, for the remainder
of the Park the returns are not nearly as complete. The informa-
tion recorded on a census card which has been completely filled
1n gives:

(@) Locality fished

(b) Calendar date

(¢) Species taken

(d) Size of each fish taken

(e) Method of fishing

(f) Effort required to catch the fish recorded.

While it is believed that adequate creel census returns are
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sufficient in themselves to determine the status of a fishery, bio-
logical information concerning the fish captured is a wvaluable
supplement. It is extremely desirable to know, for instance, how
many of the fish taken are immature, what is the rate of growth,
and what are the feeding habits of the species under consideration
in the waters fished. Such information has been gathered by
workers stationed at lake Opeongo, and at Cache lake, who examine
fish taken by anglers. Many of these findings are not discussed
directly in this report, but nevertheless form a background of
knowledge necessary for interpreting the results of the creel census.

TuE YIELD oF LAKE TROUT FISHERIES

The poundage per year which can be removed from the water
below an acre of lake surface depends on a complex system of
variables, and the subject cannot be discussed at length in this
report. However, some estimates of the annual removal of lake
trout from certain Algonquin Park lakes are given in table 1. The
estimates in table 1 are not given with the suggestion that they
represent the average annual production of the four lakes that are
listed, but rather to indicate the extent of the drain which angling
may exert upon a population of lake trout. In all probability the
poundage removed from Opeongo, Merchant, and Redrock lakes
in the years listed, was considerably higher than the poundage
which could be taken from them consistently year after year.

In themselves the figures in table 1 mean little; therefore table 2
was prepared for the purpose of comparing the drain resulting from
angling with that which has resulted from commercial fishing in
certain waters. Many people are under the impression that com-
mercial fishing removes far more fish than the most intensive of
angling activity is ever likely to do. When the potentialities of a
Particular lake are under discussion, it is not uncommon to hear the
expression, “Why it was fished commercially.” A comparison of
_the magnitudes of the removals per acre listed in table 1 with those
in table 2 shows that such a statement means almost nothing.
Angling activity can remove practically as high a poundage per
dCre per year as is taken by commercial netting.

The statistics on which table 2 is based are taken from the
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annual reports of the Ontario Game and Fish Commissioners, 1839,
the Department of Fisheries of the Province of Ontario, 1900 to
1906, and the Game and Fisheries Department, Ontario, from 1607
to the present. The records which are listed are the highest given
for any one year that is recorded from 1899 to 1936 and thus
represent the maximum commercial yield which has been taken
from any of these waters during that time.

TaBLE 1.—Maximum annual removal of lake trout from certain A!gon_quin Park
lakes by angling, recorded in the records of the Algonquin Park Creel

Census.
RN i : . . e =
Approx. area,| Max. annual | Lbs. per | Lbs. per

Water sq. mi. iremoval, Ibs. ‘ sg. mi. acre Year
Lake Opeongo. ... .... 20.1 9,400 470 | 0.7 | 1936
Merchant lake. ...... 1.5 2,730 1,800 2.8 1938
Redrock lake. ....... 1.4 1,130 i 820 1.3 1937
Whitegull lake. ... ... 0.2 188 ] 940 1.9 1936

TaBLE 2.—Maximum annual removal of lake trout by commercial fishing, recorded
from certain Ontario waters.

Approx. area,| Max. annual |Lbs. per| Lbs. per
Water | sq. mi. removal, Ibs. | sq. mi. acre | Year
|
Georgian bay........ 5,250 1,622,400 310 0.5 1929
Lake Nipigon........ 1,730 617,900 350 0.5 ‘ 1019
Lake Simcoe......... 300 48,800 160 0.2 (5)] 1618
Lake Wabigoon. ..... 14.2 10,000 700 1.1 | 1907
(Kenora)
Butler lake. ......... 0.7 1,900 | 2,700 | 4.2 ' 1899
(Kenora) (LL8 5

Two conclusions may be taken from the data in tables 1 and 2.
It is certain that the productivity of lake trout waters is quite low.
The highest removal for any water in a single year that is shown in
these tables is 4.2 pounds per acre which was taken from Butler lake
in 1899. To remove this amount from this lake of 0.7 square miles
required the efforts of three men fishing 1,000 yards of gilinet,
enough net to stretch almost two-thirds of the way around the lake
in a single setting.

There are also records of removal of lake trout from two Al-
gonquin Park lakes (Brewer and Costello) that were fished by the
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Lage Troutr FISHERIES IN ALGONQUIN PARkK 13

Ontario Department of Game and Fisheries in 1934 prior to the
introduction of brown trout and rainbow trout. Although the
Department’s men netted until they could catch no more fish,
they took only 0.9 lake trout per acre from these two lakes of
100 acres each. The weight of the lake trout per acre taken
from Brewer and Costello lakes was not recorded.

The figures quoted for the removal of lake trout from Butler,
Costello, and Brewer lakes probably approximate the total standing
population of lake trout that was contained in these waters; the
amount which a lake is capable of producing as a sustained yield
is considerably lower. Over the past twenty years Georgian bay
has been producing just under 0.5 pounds to the acre. The removal
of 0.7 pounds per acre from lake Opeongo in 1936 had a noticeable
effect on the fishing there in 1937, for in the latter year, in spite of
increased effort, the removal dropped to 0.5 pounds per acre, and
in 1938 the fishing in Opeongo was still poorer. Moreover there
is no doubt that the drain on the lake trout population of Merchant
lake caused by taking 2.8 pounds per acre from that lake in 1938
was considerably greater than the lake could withstand in each
subsequent year of fishing (page 42).

The second conclusion is that while the individual angler may
take no more than his legal limit, it is quite possible for the aggre-
gate catch of even a moderate number of anglers to equal the num-
ber of fish that can be taken by commercial methods in lakes with
an area of twenty square miles and smaller.

THE Size or LakE TrRouT CAPTURED IN ALGONQUIN PARK LAKES

The lengths of lake trout captured in Algonquin Park and
recorded by the Algonquin Park Creel Census have extended from
eight to thirty-six inches. The size of the lake trout taken in
Algonquin Park in 1938 for which the lengths were recorded is given
in table 3 and illustrated in the frequency polygon figure 3. Lake
trout thirty-six inches long weigh on the average about twenty-
five pounds.

The maximum size which lake trout attain varies greatly from
lake to lake. In general, as is so common in the case of many other
fishes, small lakes contain populations of small lake trout while the
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larger lakes contain lake trout which attain a maximum length of
thirty inches or more and a weight of over twenty pounds. As a
rule, lakes with an area of over one square mile contain trout which
commonly reach a large size, unless they are prevented from doing
so by over-fishing. On the other hand, lakes of about one-half a
square mile or less, contain lake trout which rarely reach a weight

of more than five pounds. Like all good rules this one has some
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FIGUuRE 3.—Frequency djagram showing the length composition of lake trout
catches taken in Algonquin Park in 1938 by anglers. Data from

table 3.

notable exceptions. For example, lake Louisa, which has an area
of nearly two square miles, is well known for its small and numerous
lake trout, while Kathlyn lake with an area of no more than fifty
acres has produced some eight pound trout during the last two
fishing seasons.

In 1038, one per cent of the lake trout measured had a length
of over thirty-one inches and weighed in the neighbourhood of

twenty pounds. Most of these large fish were taken in the more

Lengths of lake trout measured, inches

Laxe Trour FISHERIES 1N ALGONQUIN PARK

15

g~ |
— [ ) i Teg- -]
E= o
P = ’N
;’ =] = |C£.
< ©
|
=] — = g b e
™ i ’.o_]
e = — om 3
(=] ez [E
I~ — ™~ ™ [
tNJ [
© — ™ — — o w =
a1 |N
=) — — —— Syb=rm— —
] i
- — ) I~ 0 I~ ™ | <=
[ ] — M lm
) — —— I~ = I~
=1 = [
N ) ) — =0 ~
8 — A - (o]
— ) —— — No LSRN i
o — N D )
[=) oG = — D ™Mo ™ =12 el — | =
aQ - o =
— N
[=x} [ [Rde] folio) Rt — 0 O W — Lol — | &
— £ — o =i =
— N
0 WM =  Canm ~ —®xm — TN NN~ ™ | I~
— —_—— Yalvs] —
— {ar)
I~ — = — — D = —— 0D —— 0 — — 0L = ol — [ Ent ] — o
— ) & ndd o
= [~
© M= O~ = 01D I~ — M =M= NMT Jm
=’ — Ay N - o
~
5] —_ =1] oL 4 — o N NO—m m— o o
- ] =+ — N—~O |o:
-+ — =3 o - Y] Qe OB =] | I~
- ] —— [ S~ |~
|
o (==l 4] T s s o o ‘o C— NG — =)
— — o™ o™ |C
=t
5] o oD N—O N© ~0— O Tl — o
Lo ] JI\
= = ™ = o~ «Q 2] — ]E
[=) ] ] o~ J
— <
= T
(=] —
(] o
~ — |-—‘
b 2 L P e { ) bl A BT - IR L SRt o - E
R = M o I I S - B = e - =
e o LUt - BSOSO & & R I
1835® [ Q8 igidd gee=8E (20 TWER® Lo
SERET rgogueBo0oR (B REEY T S ¥ s EGEER |
S0 ER 2 oEsE 5SS es 2w iG585 %8aE 8
S0 wuIt=UEE 2 g0 8 Qg CEETEE 55808555 SE ¢
So0.XNodJamol nO. 2RO RO 2208 20 E 5 o8 F 2
OO RUUOUVUAAT IO NI I 1A0MMnbHHES




16 LAxe Trout FISHERIES IN ALGONQUIN PARK

inaccessible lakes which have not been subject to heavy fishing in
the past. About twenty-five lake trout of this size were taken
from Merchant lake. On the average 1.4 per cent of the lake trout
which have been landed from lake Opeongo during the last three
years have weighed over ten pounds but the number of these large
fish taken has become steadily less.

Opeongo has produced some very satisfactory catches of lake
trout in recent years. In 1928 or 1929 Mr. Dan Goodwin of
Maynooth, Ontario, with three companions captured twenty lake
trout in one afternoon which weighed together 111 pounds. In 1935
he and three others caught another twenty lake trout in four hours
on the morning of July 1 which weighed in the neighbourhood of
one hundred pounds. Again in 1936 Mr. Goodwin and three
friends took twenty lake trout in one day weighing a total of ninety
pounds.

There is a record of much larger lake trout being taken from
Algonquin Park waters in the sixties of the last century. In an
article published in the O#tawa Citizen, Nov. 29, 1865, entitled
“Fishes of the Ottawa'—a digest of an essay on the fishes of the
Ottawa river with its tributaries and some of the contiguous lakes,
read before the Ottawa Natural History Society on Friday, Nov. 24,
1865 by Edward Van Cortlandt, M.D., curator of the society—
it is stated: "'l have seen specimens [of lake trout] from the Opeongo
between fifty and sixty pounds.” No fish approaching such a
weight have been reported within recent years, but between fifteen
and twenty years ago, John Stringer, a Park ranger who was
recently retired, captured a lake trout in Big McCraney lake which
weighed thirty-five pounds. A photograph of this fish hung in the
Algonquin Park railway station for a number of years.

While there is much interest in the size of the largest fish
captured, the smallest size at which fish are taken by angling is
also of importance from the point of view of the effect of angling
on the population. There is a definite limit to the smallest size at
which lake trout take the baits in use. Only two lake trout out of
2,306 measured in 1938 were less than ten inches long, and only
twenty-seven, or just over one per cent, were less. than twelve
inches long.

Although trout of less than twelve inches do not readily take

Lake Trout FIsHERIES IN ALGONQUIN PARrRk 17

the bait, this factor does not always govern the size of the smallest
fish that are regularly taken in a given body of water. Peculiar as
it may seem, small lake trout are extremely rare in some lakes. In
Proulx lake for instance, no lake trout of less than nineteen inches
in length has been taken in the last three years. However, lake
trout down to about twelve inches are taken commonly in other
lakes which have been fished consistently over a period of years.
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FIGure 4.—Differences in the size composition of lake trout catches taken by
gillnets and by angling in four Algonquin Park lakes. Values
reduced to percentages and points smoothed twice by threes.
Original data in table 4.

A comparison of the size of lake trout captured in a graded series
of gillnets varying from 114 to 5 inches stretched mesh, with the
size of lake trout captured by angling in the same waters, illustrates
the relative efficiency of angling as a method of taking lake trout
of different lengths, and also the difference in the proportion of
small lake trout which may be present in different lakes. The
length compositions of lake trout catches taken by gillnets and by
angling in six Algonquin Park lakes are given in table 4, and are
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TaBLE 4.—Comparison of the size composition of catches taken by gillnets and by angling in gix Algonquin Park lakes.
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shown for four of these in figure 4. The four examples illustrated
in figure 4 represent lakes in which the average lengths of the lake
trout taken by angling vary from 15.3 inches in Little Island to
23.2 inches in Proulx lake. In figure 4 it may be seen that gillnets
set in Little Island and Head lakes captured a considerably higher
proportion of lake trout less than twelve inches long than were
taken by angling. In Opeongo and Proulx lakes the difference
between the size composition of the gillnet and the angling catches
is very slight, due apparently to fewer numbers of smaller lake
trout being present. The rarity of lake trout of less than nineteen
inches in Proulx lake has been mentioned previously, and although
the lake is a popular one for spring fishing and has also been fished
by a considerable yardage of small-meshed gillnet, neither angling
nor gillnets captured lake trout less than nineteen inches. Later
(page 43) the scarcity of small lake trout in those waters which
contain a high proportion of large lake trout is more fully discussed.

Seasonal Variation in the Size Composition of Anglers’ Caiches

In a previous report (Fry and Kennedy, 1937) it was shown that
there may be differences in the size composition of lake trout catches
landed at different times of the fishing season. It was found that
the proportion of smaller lake trout taken from lake Opeongo in
1936 was much higher in catches landed in August and September
than in those landed in June and July. Further work has shown
that this phenomenon is the general rule in a number of different
lakes.

The great difference that may sometimes be found in the average
size of the lake trout captured in a given lake at different times of
the year is illustrated in figure 5, in which the length compositions
of the lake trout catches taken from Merchant lake over the period
June 16-30, 1938, are compared with catches taken there over the
Period September 1-20 of the same year. In the latter half of June
more than 50 per cent of the lake trout landed were longer than
twenty inches while in September less than 20 per cent of the lake
trout captured were as long as this. It might be possible that this
difference in size composition resulted from an absence of large fish
in September because of their capture earlier in the season. This
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is partially true, but as will be seen later, the difference in size
composition was to a far greater extent the result of the increased
ease with which small trout were captured in September, rather
than because of the decrease in the numbers of large fish present
in the lake.

The typical changes found in the size composition of lake trout
catches are as follows. In early May, lake trout are taken in
shallow water and the average size of those captured lies close to

/0 3
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F1GURE 5.—The size composition of lake trout catches taken from Merchant
lake in June and in September, 1938. Numbers reduced to per-
centages and points smoothed twice by threes. Original data 1n

table 5.

the average for the season as a whole. In late May and early June
the lake trout are still sought in the shallow water but during that
period the fish taken average smaller than those taken in early May-
In late June the shallow water fishing is over in most years, and
for the rest of the summer lake trout are generally taken in water
between twenty-five and fifty feet deep. During the early weeks
of this deep water fishing most of the lake trout captured are large-
As the summer passes, smaller trout become somewhat commoner
in the catches but it is not until some time in September that they

Laxke Trour F1SHERIES IN ALGONQUIN PARK

TaBLE 5.—Number and size of lake trout captured in Merchant lake in 1938, recorded in the Algengnin Park Creel Census.
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are taken as Commonly as they were in ]Lme. When the small trout
appear predominantly in the catches in September they do so
somewhat suddenly.
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FiGURE 6.—Changes in the size composition of lake trout catches taken E’j
angling from lake Opeongo during the fishing season of 1‘%0‘1
compared with the feeding activity of ciscoes in lake Nipissing-
Data from tables 6 and 7. For explanation see text page 23.
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Changes in the length composition of lake trout catches taken
from the beginning of May until the end of September from lake
Opeongo in 1937 are shown in the right-hand panel of figure 6.
Following down these diagrams illustrating the length composition
of the lake trout catches from lake Opeongo the following facts can
be noted.

From May 1 to May 20 more lake trout were taken which fell
into the twenty inch length group than fell into any other single
group: 20.7 per cent of the lake trout taken were of this group.
On the whole, more of the fish taken were shorter than twenty
inches than were twenty inches and longer, the actual per-
centages being 55.5 and 44.5 respectively. But still a goodly
proportion of the catch consisted of lake trout longer than nineteen
inches.

Fishing during the period May 21 to June 15 vielded quite a
different type of lake trout catch from that taken earlier in the
month of May. The percentage of lake trout taken which were
twenty inches and longer dropped from 44.5 to 35.8, while con-
versely the percentage of lake trout in the catches shorter than
twenty inches rose from 55.5 to 65.2. The twenty inch length
group was no longer the most numerous; this distinction was shared
almost equally between the seventeen, eighteen, and nineteen inch
groups which contained 14.4, 13.2, and 14.8 per cent of the total
catch respectively. From this it may be seen that our national
holiday, May 24, unfortunately does not coincide with the best
spring lake trout fishing in lake Opeongo.

Coincident with the change to deep water fishing in the latter
half of June, the length composition of the catches again showed a
marked change. The twenty inch length group was again the
most numerous group landed. Again the relative numbers of large
fish rose in the catches, 42.6 per cent of the Jake trout landed being
twenty inches and over, and the proportion of small fish dropped

correspondingly.

During the two months from July 16 to September 15 there was
No significant change in the relative numbers of trout of different
sizes taken in Opeongo in 1937. The catches taken in this period
as a whole were characterized by fewer large and more small lake
trout than were landed in the previous month, June 16 to July 15.
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The length group that was most common over this period was
nineteen inches and the percentage of the total catch which con-
sisted of fish less than twenty inches in length was 65.7. The
percentage of lake trout captured which were twenty inches and
longer dropped from 42.6 to 34.3.

The size composition of the catch of lake trout taken in the last
two weeks of September was strikingly different from that for the
preceding two months. During the latter half of September small
lake trout were biting freely while large trout were hardly taken
at all. The length group most commonly occurring in the catch
was eighteen inches, and practically all the fish taken were twenty
inches or less. Only 18.4 per cent of the lake trout taken between
September 16 and September 30 were twenty inches or over in
length.

Although it is legal to take lake trout in Algonquin Park until
October 15, fishing for them in lake Opeongo after October 1 is
extremely barren of results. In three years a total of not more
than twenty-five lake trout have been captured by angling in
Opeongo after October 1. It is plain then that practically no lake
trout of catchable size are biting in Opeongo at that time, although
it is possible to catch them readily during this period in smaller
lakes in the neighbourhood.

Causes of Seasonal Variation in the Size Composition of Anglers’
Calches

The parallel that exists between the feeding activities of the
cisco, Leucichthys artedi (Le Sueur), and the lake trout, as inter-
preted from angling statistics, has already been pointed out by
Fry and Kennedy (1937) in discussing the results of the first season's
creel census of lake Opeongo. They state (page 16):

The lake trout in Opeongo participate in a summer migration from shallow 10
deep water similar to that found in the case of the cisco, Leucichthys artedi (L€
Sueur), in lake Nipissing (Fry 1987), and in other lakes. If the details of the
events in the lake trout migration parallel those of the cisco migration, then the
observations concerning the capture of lake trout by angling are quite under-
standable.

As the upper waters of a lake become warmer the ciscees, like the lake trouts
swim deeper and deeper. Large ciscoes are more sensitive to high temperatures

TaBLE 6.—Percentage size composition of lake trout catches taken in lake Opeongo, May to September inclusive, 1937.
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TasLe 7.—Percentage size composition of the fraction of the lake Nipissing cisco population feeding on various dates.
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and go deep earlier. Just before the ciscoes leave the warm wa'ter, they stop
feeding and they do not resume feeding immediately on entering the colﬁder
deeper water. The later the ciscoes leave the warm water the lorlger they fast
in the cold water. This leads to a condition wherein most of the ciscoes that are
feeding in July are large. In late summer practically all the ciscpes .havg begun
to feed again. In October the ciscoes leave the deep water, which is stnl% coh.j,
and return to shallow water, which, while it has cooled considerably, is still
warmer than the deep water. At this time they again stop [eeding.

The description of the extent to which ciscoes of different s.ize
classes feed in lake Nipissing which is summarized in the preceding
quotation is illustrated more specifically in the left-hand panel of
fizure 6. This part of figure 6 was constructed from. data gathered
through the examination of the alimentary tracts of ciscoes captured
in lake Nipissing in gillnets. The gillnet samples were taken from
all depths in the lake;often this was done by setting the netsona lgng
slant from surface to bottom. Thus it was possible, by knowing
the relative abundance of ciscoes of different sizes at different
depths and the extent to which they were feeding, to plot a series
of frequency graphs showing the lengths of the members of the_
cisco population which were feeding at any time of the season of
open water. These frequency graphs make up the left-hanc.l pan.-:.l
of figure 6. The measurements of the ciscoes have been given 1n
centimetres instead of in inches because the smaller unit enables
these smaller fish to be plotted in diagrams having similar pro-
portions to those given for the lake trout on the right-hand s.ide.
Ciscoes of less than twenty centimetres have not been shown since
the nets which capture such small specimens were not always used.
If the trend in the size composition of the cisco groups in the left-
hand panel is compared with the trend in the lake trout groups to
the right it will be seen that the changes are parallel throughout
the season.

In May almost all the ciscoes are in shallow water and all are
feeding. The most frequent length group in the 1935 samples
consisted of ciscoes between 23.0 and 23.9 centimetres. These
fish made up 26.8 per cent of the catch. About 48 per cent of the
fish taken were longer than 24.0 centimetres and about 52 per cent
below that length.

The ciscoes which are feeding in lake Nipissing in June fall into
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two distinct groups. During the fourth week of June most of the
ciscoes there are to be found near bottom where the water is thirty
to forty-five feet deep. Usually only the larger ones are caught at
greater depths or in strata of the same depth over deeper water.
A catch taken in water forty-five feet deep on June 22-23, 1934,
is shown by the solid line in the June panel of figure 6. This
diagram shows the size composition of the section of the population
containing the majority of the feeding ciscoes. All the ciscoes
present in shallow water were feeding. In this section of the
population the two size groups between 22.0 and 23.9 centimetres
together contained 42.8 per cent of the total sample. The per-
centage of feeding ciscoes longer than 24.0 centimetres dropped
from 48 to 32 per cent; this drop was due to the migration of the larger
fish to deep water which had already taken place.

However, by the latter half of June, the largest ciscoes of the
group which has already migrated have usually resumed feeding
in deep water. The size of the feeding ciscoes in a catch taken in a
series of gillnets set obliquely from surface to 150 feet of water on
June 22-23, 1935, is shown by broken lines in the same panel.
These fish were nearly all large ones. The size group 28.0 centi-
metres and longer contained 33.4 per cent of the sample, and 91 per
cent were over 24.0 centimetres. The actual number of these large
fish that are feeding in lake Nipissing is small but they are concentrat-
ed in an area which is less than two per cent of the area of the whole
lake. Ciscoes had not been taken commercially in lake Nipissing
for at least ten years previous to 1935, and these large fish represent
a section of the population which has disappeared from the trout
Population of Opeongo as a result of angling activity.

This behaviour of the ciscoes is exactly similar to that shown
by the lake trout in lake Opeongo in late May and early June, if
we interpret the readiness with which trout of different sizes take
the bait as evidence of their willingness to feed. There is a quanti-
tative difference between the behaviour of the ciscoes and the lake
trout in the time at which they cease to feed and start to migrate.
In Opeongo the migration is well under way in late May and practi-
Cally over by the third week in June. In lake Nipissing there is
little migration in early June and migration is not usually complete
until after the middle of July.
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By July 20 in 1935 (the date varies from year to year with
climatic conditions), the migration of the ciscoes over twenty
centimetres in length to deep water was virtually complete. Since
the ciscoes stop feeding just before they migrate and do not feed
again unti] some time after reaching deep water, those which were
feeding on July 20 were predominantly the ones which had migrated
in early June. These ciscoes which migrated early were nearly all
large ones. Again the size composition of the group of ciscoes
which are feeding immediately after the completion of the migration
to deep water corresponds to the size composition of the group of
lake trout which are biting when the lake trout population has
reached a corresponding stage in its summer migration.

By the middle of August, 1935, a certain number of the smaller
ciscoes had started to feed again. The most numerous length group
still consisted of ciscoes measuring from 25.0 to 25.9 centimetres
as it had in the July catches, but the percentages of ciscoes below
24.0 centimetres had increased to 29 from the value of 17 per cent
that had been found in July. The lake trout catches from July 16
to September 15 show a greater decrease in the proportion of larger
fish than do the cisco catches, but that is easy to understand. Only
samples large enough to determine the extent to which the members
of the population were feeding were withdrawn from the cisco
population. These samples were taken by gillnets which caught
alike feeding and non-feeding individuals. In the capture of the
lake trout, the anglers removed a special part of the population
which consisted of those trout which were biting. Moreover,
instead of taking only samples at intervals, angling was pursued
steadily day after day, with the result that the numbers of feeding
fish were noticeably reduced. This will be seen more clearly when
the changes in fishing effort are discussed (page 33). Hence the
removal of 900 lake trout over the period June 16 to July 15 had
an appreciable effect on the size composition of the catch taken
later in the summer.

In early September many smaller ciscoes began to feed almost
simultaneously and a marked change in the size composition of the
feeding group of ciscoes was found. The most numerous size class
changed from 25.0-25.9 centimetres to 23.0-23.9 centimetres, and
the percentage of fish less than 24.0 centimetres long rose still
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further to 50.7. As well as an increase in the number of smaller
fish that were feeding, there had been an actual loss of larger fish
from the feeding population by upward migration. The upward
migration, which is correlated with advancing stagnation of the
deeper waters cut off from the circulating upper layers by the sharp
temperature gradient of the thermocline, is also associated with a
cessation of feeding activity. The similarity between the size
composition of the group of ciscoes feeding in late September and
of the group of lake trout which were biting at this date is so obvious
as to need no comment.

The extremely close similarity that can be seen between the
changes found in the size composition of groups of ciscoes which
are feeding throughout the months from May to September, and
those seen in the size composition of catches of lake trout taken by
angling offers almost indisputable proof in favour of the belief that
lake trout and ciscoes behave similarly in their migratory and
feeding habits. Although there is general agreement in their
behaviour, the lake trout population in lake Opeongo and the cisco
population in lake Nipissing may not be in precisely the same phase
of migration on the same calendar date. The lake trout in Opeongo
migrate earlier in the spring and the small ones do not resume
feeding quite as early in the fall. These differences in degree, how-
ever, are to be expected on two grounds. In the first place the lake
trout, although quite closely related to the cisco, is nevertheless a
different fish and can be expected to behave differently. Secondly,
p.hysical and chemical conditions in lakes Nipissing and Opeongo
differ considerably, and a migration which is correlated with physic.a[
and chemical factors can be expected to differ in the two lakes for
that reason also.

In angling for lake trout, the fish that are captured are not
always actively feeding, although such fish are in the majority.
Whe.n lake trout are taken by trolling they may be snagged by the
Moving bait although they may not have actually seized it in their
Mmouths. Moreover, it has been shown in feeding experiments
(]_?»lair, 1938) that when fish are not feeding they will nevertheless
Pick up food in their mouths and snap at moving objects. These
€xXceptions do not influence the size composition of the catch to a
great degree. Among the viscera of 1,200 Opeongo lake trout taken



TaBLE 8, —Number and size of lake trout captured by angling in lake Opeongo in 1936, 1937, and 1938, recorded in the Algonquin =
Park Creel Census.
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by angling that were examined in 1937, only eight per cent showed
evidence that the fish had not been feeding just prior to capture.

ANGLING Success IN FISHING FOR LAKE TROUT IN ALGONQUIN
Park

Angling success can be recorded by rfleas'uring the_length of time
required to capture a given number of fish in a certain way. Lake
trout fishing in Algonquin Park is done largely by trolling from a
skiff or a canoe, with usually two fishermen in a boat, although
certain anglers prefer to anchor and catch their trout by still ﬁshing_
The unit of gear chosen to express the Algonquin Park records is
two men in one boat, and the unit of effort taken has been two men
in one boat fishing for one hour. This unit of effort will be referred
to subsequently as a ‘‘boat hour.”

The result of fishing effort can be expressed in a number of ways
each suitable for a particular purpose. Here it will be discussed in
two of them. The first of these ways of expressing the {e.sult. of
fishing effort has been designated “availability.” Ava.ilabxhty isa
measure of abundance of fish from the angler’s point of view,
although it does not necessarily give a measure of the precise
number of fish present. Availability has been defined as _the
number of fish taken per 100 boat hours of fishing. A fishing .tlme
of 100 hours is rather an artificial unit since no fisherman is likely
to devote so many consecutive hours to angling, but using suc:h a
length of time avoids large decimals. It is particularly convenient
to use a fishing period of this magnitude when it is desired to con-
sider the relative availability of fish of different sizes in the total
catch. .

A second measure of the quality of the fishing afforded by a ghves
fishery is the “poundage per 100 boat hours of fishing.” 'Ullb‘
figure expresses the size of the fish taken as well as th.e ease with
which they are captured, and is calculated by multiplying thc.

availability by the average weight of fish captured. Poundage has
been used in an effort to express the relative desirability of large
fish compared to small ones. It is of course impossible to assess
mathematically the relative value that a fisherman places on the
capture of a large fish compared to the capture of a small one:
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However, it would seem safe to say that an angler values one ten
pound fish at least as highly as he does ten one pound individuals
of the same species.

Seasonal Variation in Angling Success

Concomitant with the cycle of changes in size composition of
catches of lake trout taken by angling, there is a fluctuation in the
length of time required to catch the fish by a standard method of
angling. This fluctuation varies from lake to lake, and also depends
upon the past history of each fishery and upon the amount of fishing
activity during the current season. It can be explained by assessing
the effects of the migratory and feeding habits of the lake trout on
fishing which are summarized in the quotation given on page 24.

Consideration of the availability of lake trout to the angler as
well as of the size composition of his catch, emphasizes still further
the difference in fishing at different times of the year.

On page 19 where the marked difference in the size composition
of the catches of lake trout taken from Merchant lake in June
compared with that of catches taken there in September is men-
tioned, the catches are discussed on the basis of percentage size
composition. It was pointed out that the proportion of small fish
in the September catches was considerably greater than in those
taken in June, but this might have been due to the relative scarcity
of large fish in September rather than to a particular abundance of
small ones. However, since the fishing effort is also known, it is
possible to plot the availability of each size group, and to determine
what actually were the differences in the two groups of catches in
this respect. The catches have been plotted in this way in the
right-hand panel of figure 7.

The left-hand panel compares the percentages and is a reproduc-
tion of figure 5, page 20. During the two week period, June 16-30,
the total availability was 134 lake trout per 100 boat hours. In
September the total availability was 178 lake trout per 100 boat
hours. The availability of fish in each length group can be cal-
culated by multiplying the fraction of the catch occurring in that
length group by the total availability. When this procedure is
carried out it can be seen that small lake trout were not only
relatively more abundant in the catches but they were also much
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more easily taken. Not only were over 80 per cent of the fish
captured in September twenty inches or smaller as compared with
less than 50 per cent of the same size range in late June (page 19),
but also in September the availability of lake trout twenty inches
and less was 142 as compared with 64, the value for the latter half
of June. Thus small fish were not only 1.6 times more numerous
in September catches than they were in those taken in June but also
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Fi1GURE 7.—Availability of lake trout of various sizes in Merchant lake in June
and in September, 1938, compared with the size composition of
catches of lake trout taken by angling in the same intervals. Data
from tables 5 and 9.

they were caught over twice as easily. In contrast, large fish were
relatively scarcer in September catches and they were also much
harder to catch than they had been in June. In June 100 boat
hours of fishing yielded seventy lake trout over twenty inches in
length. In September only thirty-six lake trout longer than twenty
inches were captured per 100 boat hours of fishing. Thus a con-
sideration of the availability as well as the size composition of the
catch emphasizes further the magnitude of variations in angling
success that may occur in one lake during a single year.
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The seasonal variation in availability of lake trout in lake
Opeongo in 1937 is given in figure 8 and table 9. During the first
three weeks in May the average availability of lake trout in Opeongo
was 111 fish per 100 boat hours. From May 21 to May 31 the
availability dropped to an average of 86. In the first two weeks of
June the availability rose again and surpassed that recorded for
early May. The average number of lake trout captured per 100
hours over the period June 1-15 was 122. The availability of lake
trout in lake Opeongo continued to rise in the latter half of June and
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Ficure 8.—Seasonal changes in the availability of lake trout to anglers fishing
in lake Opeongo in 1937. Data from table 9.

Wwas highest for the year in this two week period, the average being
167. Following the peak in the latter half of June the availability
dropped slightly to 159 for the first two weeks of July. In the last
two weeks of July the availability dropped precipitously and after a
Che.Ck in August declined to a low for the year of 76 during the
Period September 1-15. Finally in the half-month September
16-30, the availability rose again to a value of 130 lake trout per
100 _hours. The rise in availability in late September does not
Continue into October, for in the first two weeks of that month it is
€Xtremely difficult to catch lake trout in Opeongo by angling.























































