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AGE, GROWTH, AND PRODUCTION OF YELLOW PERCH IN LAKE ERIE
By FRANK W. JOBES, Fishery Research Biologist

The American yellow perch, Perca flavescens
(Mitchill), is one of the most common food fishes
native to the lakes and streams of the northeastern
United States and southeastern Canada. It con-
tributes heavily to the take by hook and line
throughout its range and forms an important part
of the catch of the modern commercial fishery in
the Great Lalkes.

The present study of the yellow perch is part of
an extensive investigation of the Lake Erie com-
mercial fisheries begun by the former U. S. Bureau
of Fisheries and continued by the U. S. Fish and
Wildlife Service. In the years 1927 through 1931
field work was carried on in cooperation with the
States of Ohio, Pennsgylvania, and New York, the
Province of Ontario, the city of Buffalo, and the
Buffalo Society of Natural Science; materials were
collected also in 1932, 1934, and 1937, and in the
years 1943 through 1948. This report is based
primarily on the data for the specified years from
1927 to 1937 (referred to here as 1927-37) because
in each of those years the materials consisted of
random samples of all yellow perch taken by the

nets. The 1943—48 data are from random sam-.

ples of the commercial catch only (fish 8% inches
or more in total length) and will be used only
where they add to the knowledge gained from the
1927-37 data. :

The assistance of the officials and employees of

all the agencies involved in this investigation is
deeply appreciated. Without their cooperation in
the collection of data and the loan of materials
this study would have been much more restricted
in scope, if not impossible. = Special thanks are due
Dr. John Van Oosten for directing the study and
critically examining the manuscript, and Dr.
Ralph Hile for substantial assistance in the anal-
ysis and interpretation of the data. * N. H. Lager-
strom, Oberlin, Ohio, translated the Swedish and
Norwegian references listed in the bibliography.

Several authors have studied the age and growth
of the yellow perch without making a critical study
of the validity of age determinations based on
scales. Jobes (1933) and Schneberger (1935) cal-
culated lengths from scale measurements-on the
assumption that the ratio of body length to scale
length is constant after the first annulus is formed:
Hile and Jobes (1941) determined the body-scale
relation for the yellow perch in Saginaw Bay
(Lake Huron) and corrected the lengths computed
by direct proportion to conform to the empiri-
cally determined body-scale relation. Before a
detailed study of the life history of the yellow
perch in Lake Erie could be undertaken, it was
necessary to demonstrate that ages read from
scales are accurate and to determine the most
satisfactory method of calculating growth from
scale measurements.

COMMERCIAL PRODUCTION OF YELLOW PERCH IN LAKE ERIE

The earliest records of the production of yellow
perch in Lake Erie are for the year 1885. The
species was taken commercially before that time
but was not considered important enough to war-
rant separate treatment in the earlier statistical
reports. Table 1 gives the available figures on
production for the years 1885 to 1947. The pro-
duction records for United States waters, for On-
tario waters, and for the entire lake are shown
graphically in figure 1.

Although the record of the catch in the United

. States waters is not complete for the earlier years

of the fishery, the annual yield appears to have
been greater before 1900 than in the period im-
mediately after. The extremes in the fluctuation
in annual production during the earliest period,
1885-99, occurred in the years 1885 and 1889,
when catches of 1,601,000 and 3,830,000 pounds
were reported. The fragmentary statistics indi-
cate a good production in this period; the average
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TasLe 1.—Annual production of yellow perch in Lake Erie, 1886-1947
[In. thousands of pounds]

UNITED STATES !

CaNADA (Ontario)?

Year
Michigan Ohio

Pennsylvania| New York

ENTIRE

Western Eastern LAEE

part 3 part 4 Total

225

j5

163
19, 889
14,678

887 367 1,254 3,305
1,298 1,601 3,441
2,139 457 2,596 7,782

956 451 1,407 3,015
1,390 604 1,904 5,
1,308 652 2,050 5,871

640 324 964 2,922

6 175 711 1,964

1,146 22 1,372 3, 60
225 1,207 2, 659 .

2,110 307 2,417 5 102

1, 454 798 2,252 4,049

1 Records of production from United States waters and from-entire lake for
1885-1940 are from Gallagher and Van QOosten (1943). Btatistics of produc-
tion from United States waters for later years were compiled originally in
the Great Lakes Laboratory of the U. 8. Fish and Wildlife Service from

data supplied by the several States and have been published in the Com..

mercial Fishery Statistics series of the Service,

? Canadian (Ontario) records for 1894-1939 are from Ford (1943). Data
on the yield from Canadian waters in later years were supplied by the On-
tario Department of Lands and Forests. The figures on the catch from all

of the Canadian waters of Lake Erie may be found in the annual reports of
the Ontario Department of Lands and Forests,

3 West end to Port Burwell,

4+ East of Port Burwell, .

5 Fiseal year, July 1, 1896, to June 30, 1897, in United States waters, except

ichigan.

¢ Fall catch only.

1 Estimated.

¢ Fall catch of 1924 plus spring catch of 1925,
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of the recorded yields was 2,946,000 pounds.!
The lowest annual United States yield on record
occurred in the next period, 1900-1927, when in
1903 only 873,000 pounds were reported. (No
reference has been found that suggests that the
statistics for 1903 are incomplete.) In only 6
years (1914, 1919, 1921, 1925, 1926, and 1927) of
the 16 in this period did the annual catch from
United States waters exceed 2 million pounds.
The average annual yield of 1,905,000 pounds in
this period was only 65 percent of the 1885-99
average. The upward trend that was to carry
the yield in United States waters to the unprece-
dented catch of nearly 14% million pounds in 1934
actually began in 1925, but was relatively slight
until 1928. The average of 7,520,000 pounds for
the years 1928-35 was 2.55 times the average of
the 1885-99 period and 3.95 times the 1900-1927
average. Not only was production high in 1928~
35, but the fluctuations in annual catch were
sudden and violent (for emmple, 9,741,000
pounds in 1932,
14,218,000 pounds in 1934). The violent fluc-
tuations continued into the 1936-47 period, when
the average annual production fell to 2,390,000
pounds. The average annual yield in these most
recent years was 81 percent of that of the 1885-99
period, and only 32 percent of the 1928-35 aver-
age. The grand average for the years of recorded
statistics was 3,262,000 pounds.

The Ohio production has always dominated the
United States catch, and in the years for which
complete data are available Ohio, on the average,

has accounted for more than half of the yield of

the entire lake. Furthermore, the relative im-
portance of the Ohio catch in the United States
production. has shown a distinct tendency to
increase. In the early period, 1885-99, Ohio
produced 77.8 percent of the total United States
yield. This percentage increased to §7.7 in the
1900-1927 period, to 92.9 in 1928-35, and to 93.1
in recent years. The proportion of the United
States catch taken in each of the three remaining
States has tended to decline.

If the Ontario statistics were to be segregated
by periods independent of those of the United
States, the following intervals would be selected
to show the trend of production: 1894-1911,

1To make use of all available statistics, the averages computed from table
1 for United States waters, and for the entire lake. are the sums of the corre-
sponding averages of the individual 8tates and the Provinee of Ontarlo;

3,434,000 pounds in 1933, and-
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1912-20, 1921-27, 1928-35, and 1936-47. The

Ontario figures in table 1 show a progressive in-

crease in catch with each succeeding period except
the last. This trend on the Canadian side of
Lake Erie, therefore, does not correspond to that
on the United States side, except during the
last two periods, 1928 and following years. Ap-
parently the Canadian fishery for yellow perch
began later and developed more slowly than that
of the United States.

The earliest statistics of the catch in Ontarlo
waters of Lake Erie show a relatively low yield
with no extremely large variation from the average
of 532,000 pounds during the period 1894-1911.
The average annual catch of the next period, 1912~
20, was 1,189,000 pounds or 2.23 times the 1894~
1911 average; in only one year, 1918, did the take
exceed 1% million pounds. The 192127 period
was one of relatively stable production with an
average catch of 2,133,000 pounds (1.79 times the
average of the preceding period). The large annual
catches and increased variability of the annual
yields in Ontario waters in 1928-35 were not un-
like those in United States waters for the same
period, except that in Ontario production did not
reach such heights and the fluctuations in catch
were not so violent as in the United States. The
average annual Ontario yield for this period was
4,596,000 pounds, or 2.15 times that of the preced-
ing period. Production during 1936—47 declined
to an average of 1,660,000 pounds, or to 36 percent
of the 1928-35 average. In only 4 of the last 12
years, 1938, 1941, 1946, and 1947, did the catch
exceed 2 million pounds. The grand average for
the' 54 years of recorded statistics was 1,702,000
pounds.

The production from the western part of the lake
(west end to Port Burwell), on the average, made
up more than 60 percent of the Canadian total in
each period. The percentage increased from 62 in
the years 1894-1911 to 82 in 1912-20, and re-
mained relatively constant, between 74 and 78, in
the last three periods. This stabilization in the
relative productivity of the two sections of the
Canadian waters is in contrast to the situation in
the United States waters where the western (Ohio)
section increased in importance each period.

The catch in the entire lake showed variations
similar to those in United States waters, except
during the years 192127, when the total produc-
tion was augmented by the increased yield in
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Ontario waters. The average total production of
about 34 million pounds during the period 1885-99
appears high only when consideration is given the
low fishing intensity and the crude apparatus em-
ployed. The output of the fishery was low in 1903
but tended to increase, though irregularly, during
the 1900-1920 period. The average annual yield
of 2,464,000 pounds during this period was approxi-
mately 70 percent of the earlier average. The
following period, 1921~27, was the steadiest one of
the fishery, with but little fluctuation from an
average of 4,384,000 pounds. This average was
1.78 times the average of the preceding period and
about 1.29 times the 1885-99 average. The
period 1928-35 was one of tremendous annual
productions and violent fluctuations in yield. from
year to year. In every year, the catch exceeded
the best of any previous period, and in 5 of the 8
years it was more than 10 million pounds. The
average annual catch of 12,116,000 pounds was
4.92. times the 1900-1920 average and 2.76 times
the 1921-27 average. During 193647, production
fell off, with only one year, 1938, yielding as much
as the poorest of the preceding period. Wide
fluctuations in yield persisted into this last period.
They were caused largely by variations in the
catch in United States waters, and these in turn
were due to variations in Ohio’s yield. The aver-
age catch of 4,050,000 pounds in 193647 was
only about a third of the 1928-35 average but was
approximately 1.25 times the average of the
earliest period, 1885-99. :

The grand average production of yellow perch in
all waters of Lake Erie for the years 1885 to 1947
was 4,964,000 pounds,

The tendency toward an increasing variability
in the annual catch in United States waters
suggests the dependence of the commercial fishery
on a small number of age groups. This inter-

pretation is supported by the observation (p. 245)

that in the present-day fishery a year class is
normally of major importance for little longer than
o single year. Under such conditions it may be
expected that production would be sensitive to
variations in- the strength of year classes and
hence subject to sudden and wide fluctuations.

Any discussion of the factors that contributed
to the changes that have occurred in the produc-
tion of yellow perch in Lake Erie must be in
large measure speculative. Although certain
events are known to have contributed to the
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observed changes, their precise effects are difficult
to evaluate. Brief mention may be made of the
more important factors. '

The early fishery in Lake Erie was conducted
primarily on the inshore grounds with. relatively
crude gear. As production on these grounds
declined, larger, faster, and seaworthier hoats
were built which permitted not only the extension
of operations to more distant grounds but.also the
handling of more nets. The number of boats in
operation also increased rapidly with expansion of
the fishing grounds. Further increase in the
amount of gear handled by each boat followed
introduction of the power lifter for gill nets in
the 1890’s and for trap nets in the early 1930%.
Efficiency of the nets was increased by reducing
the size of the meshes, by using finer thread in
gill nets, and by “reefing” or tying down the
gill nets. Gill nets were made still more efficient
by the development of the bull net, a gill net 100

meshes deep, fished in all strata of water from top

to bottom. The shift from pound nets to trap
nets and more recently a partial shift from gill
nets to trap nets also increased exploitation, since
trap nets are the most efficient gear now in use.

Although it is not possible to state precisely
the extent to which fishing intensity has increased,
it is valid to state that the increases in the amount
and efficiency of gear just mentioned have led
to a multiplication of fishing intensity in recent
years over that of the early fishery.

For many years the practice has been to decrease
gradually the size of mesh in the nets to com-
pensate for diminishing yields. It was not until
1937 that the State of Ohio reversed the trend
by increasing the size of mesh in trap nets to
afford greater protection to the smaller fish.

In addition to these developments that have
affected the fishery as a whole, there have been
other circumstances that contributed more speci-

" fically to an increase in the intensity of the fishery

for perch. The collapse of the cisco fishery, for-
merly the most productive in Lake Erie, in 1925
forced many operators, particularly the gill-netters,
to turn to other species. The resulting increase
in intensity of the fishing for perch was an impor-
tant factor in the rise in production of this species.
The yield of perch was affected also by the reduc-~
tion in July 1929 of the minimum legal size from
9 to 8% inches in the State of Ohio. The record
catch of 13 million pounds in Ohio in 1934 oc-
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curred in a year when the officials failed to enforce
the law on size limits,

Economic conditions doubtless have had an
effect on the annual fluctuations in the yield of
“perch, but the relation is too obscure to point
to any major change in the annual catch as the
result of changes in the price of or demand for
perch. -

The discussion of the relation of production to

fishing intensity, to fishery laws and enforcement

of laws, and to market conditions, has been given
in advance of the treatment of the relation between
the catch and the abundance of perch, not with
the intent to imply that abundance is not of great
importance in determining the yield, but rather
to bring out the dangers of interpreting too freely
fluctuation in production as the result of fluctua-~
tion in abundance. To be sure, abundance and
catch are closely related; but careful recognition
also must be given to other factors that affect the
annual yield.

Abundance may be considered in terms of long-
period changes such as those brought about by
the prosecution of the fishery or by gradual changes
in the environment, or in terms of the short-period
fluctuations traceable to variations from year to
year in the success of natural reproduction. Both
types of changes are reflected in fluctuations in the
annual catch. Many of the variations in annual
yield as recorded in table 1 are probably to a large
extent the result of relative strength or weakness
of year classes. Age determinations have shown,
for example, that the increases in production in
1928 and 1929 were not exclusively the result of
increased fishing intensity and the reduction of
the legal size for perch, but were furthered also by
the phenomenal richness of the 1926 year class.

The fluctuations in abundance that arise from
variations in the strength of year classes must be
accepted by fishermen as part of the natural course
of events, since at present very little can be done
to increase the survival of young. The environ-

ment may be improved by such measures as the

control of pollution and erosion. The value of
such measures to the Lake Erie fisheries is open
to question, since it has been shown that no ex-
tensive areas of heavy pollution exist that would
be inimical to fish life (Wright and Tidd 1933,
Fish 1929), and that turbidity is not a factor in
either the survival of the young or their subse-
quent growth in Lake Erie (Van Oosten 1948).

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

In fact, the causes underlying annual variations
in the success of natural reproduction are little
understood. Although a knowledge of the fluc-
tuations that occur in the strength of year classes
may contribute to an understanding of changes in
the fishery, a knowledge of the general level of
abundance and of long-period trends in abundance
is more pertinent to the solution of administrative
problems than is information on short-period fluc-
tuations.

The abundance of yellow perch in the early
period of the United States fishery (1885-99) must
have been at a relatively high level, since good
production was maintained in spite of low fishing
intensity and inefficient methods. On the other
hand, the reduced yields of the 1900-1927 period—

-one of expanding fishing intensity and increasing

efficiency in fishing methods—indicate a sharp
reduction in the general level of abundance. The
greatly increased production in 1928-35 must be
considered the result, in part at least, of the
increase in intensity of the fishery for perch that
followed the collapse of the cisco fishery. The
known abundance in 1928 and 1929 of perch of the
big 1926 year class and the virtual removal of the
size limit in Ohio in 1934 undoubtedly contributed
to the large yields in those years. It seems
unlikely, however, that a production of over 14
million pounds could have been reached in 1934,
even without a size limit, unless the population
had reached an enormous size that year. Like-
wise, the yields of more than 9 million pounds in
1931, 1932, and 1935 indicate tremendous abund-
ance. Evidence will be presented later (p. 245)
which shows that normally the perch of a year
class dominate the fall fishery in their third year
and the spring fishery in their fourth year of life.
Thus, two year classes of perch make up the bulk
of the commercial catch each calendar year. On
the basis of that evidence, it may be assumed that
the year classes of 1928 to 1932 or 1933, inclusive,
were of exceptional strength to have been able to
produce the high yields during the period 1931-35.

The statistics (table 1) suggest strongly that the
abundance- of yellow perch was reduced greatly
during the years 1936-47. The fishing intensity
may have decreased in United States waters when
some of the operators quit business, but it is
known also that some new outfits started opera-
tions during this period. Increase in size of the
mesh in the Ohio trap nets probably did not
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release enough legal-sized perch to affect materially
the total yield. Since Van QOosten (1932) showed
that trap nets with a mesh larger than that em-
ployed in the nets at the present time did not
release perch of 8% inches (present legal size limit)
and larger, the reduction in take in 1936—47 un-
doubtedly was largely the result of a decrease in
abundance of perch rather than a decrease in
fishing intensity.

A precise evaluation cannot be made of the
changes in abundance of the yellow perch in Lake
Erie during the period of greatest fluctuations in
yield, because the data are not sufficient. An
approximation of the abundance may be obtained,
however, from the records of the W. D. Bates
Fishery, Rondeau, Ontario, which give the number
of pound nets fished and the catch each year for
the period 1900-1940, and from those of Leonard
Bickley, Sandusky, Ohio, which give the catch by
trap nets of a 1-boat fishery during the years 1911~
31. The records of number of nets fished and total
pounds of fish taken published by the former

Ontario Department of Game and Fisheries also
are of value.

Although there are certain discrepancies among
these three sets of data, they all suggest that the
period 1928-35 was one in which the abundance
of yellow perch in Lake FErie was high, and all
data are consistent in showing that the abundance
declined sharply in 1936 and has remained at a
relatively low level since that time. Bickley’s
data, in contrast to those of Bates, suggest a slight
increase in abundance in 1921-27, thus indicating
that the slicht rise in production in the Ohio
waters in those years may, in part, reflect abund-
ance.

It must be recognized that the yellow-perch
fishery in Lake Erie is not in a prosperous con-
dition at the present time. That the fishery has
not collapsed entirely is perhaps a tribute to the
fecundity of the perch. The danger exists in the
absence of a reserve supply, as well as in the low
abundance. The failure of only two successive
year classes would lead to collapse of the fishery.

MATERIALS AND METHODS

Materials for this investigation on the age and
growth of yellow perch were collected at the follow-
ing Lake Erie ports: Port Clinton, Sandusky,
Huron, Vermilion, Lorain, Ashtabula, and Conne-
aut, Ohio; Erie, Pa.; and Dunkirk, N. Y. (See
fig. 2.) Originally a separate analysis was made
of the data for yellow perch from the western,
middle, and eastern sections of the lake; it was
found, however, that a combination of the data
was justifiable. It was found also that the data
for trap nets and .pound nets could be combined.

Table 2 shows, for each type of gear, the number
of specimens on which this study has been based.
The 1927-37 materials used in the growth-rate
studies, a total of 3,036 fish, were random samples
of the trap-net and pound-net catches taken during
the latter part of the collecting period of each year.
Samples from impounding nets were used because
that type of net is less selective than gill nets, and

because the impounding-net collections covered a .

greater period of years. The 1,341 fish taken from
trap nets in the years 1943—48 were used in the
study of annual fluctuations in growth. The ages
were determined of 430 specimens taken in com-
mercial gill nets during 1927 and 1928, and of
1,136 fish taken in the years 1943—48. The
1927-28 material consisted of random samples

955518—52

o
]

from shoal nets (228 fish) and from bull nets
(202 fish). The data on age were used to compare
the age composition of the catch in gill nets with
that of impounding nets.

All specimens for which length and weight were
recorded (23,158 fish) in 192737 were used in the
study of the length-weight relation. The length-
frequency data for the years 1927-37 were based
on 58,665 specimens taken from random samples
only and included those specimens whose ages
were determined, most of those used in the study
of the length-weight relation, and a large number
for which lengths only were obtained. . The length
distribution of 1,114 yellow perch taken in 194348
by trap nets was used for comparison with the
earlier material.

Investigation of the relation between scale length
and body length was based on the examination of
selected or “key” scales from 600 specimens col-
lected in western Lake Erie as follows: September
to November 1928, 188; May to August, and
November 1929, 79; October 4, 1934, 207; April
1937, 60; and late autumn 1937, 66. The scale
measurements from only 576 of these specimens
could be used, since 24 individuals had lost the’
designated scale or had key scales that were re-
generated, injured, or otherwise atypical. The
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TABLE 2.—Specimens used in study o Lake Erie yellow
perch and gear employed tn taking them

Number of specimens used in study of—

Gear employed and year taken Length-

weight
relation

Length
frequency

Age and
growth

Caunght by Ilmpounding net
during—

Caught by shoal gill net?®
during:

Total. .- 202 1,519 1,778
59,779

t In addition, 188 selected specimens were used in the key-scals study.

2 In addition, 79 selected specimens were used in the key-scale study.

3 207 selected specimens were collected for key-scale study.

4 In addition, 126 selected specimens were used in the key-scale study.

3 Selected specimens used in the key-scale study and for the determination
of maximum age are not included in the totals.

¢ Gl nets 22 meshes desp. E

7 GHll nets 100 meshes deep.

600 specimens collected for the key-scale study
were not used for any other purpose, except the
207 collected October 4, 1934, which were em-
ployed as part of the. data on the length-weight
relation.,

During 1927 and 1928 the lifting cribs of the
trap nets from which samples were taken were
made of 2-inch or 2%-inch webbing (stretched
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measure as manufactured), except for the vertical
middle third of the backs, where the mesh was
2% inches. From 1929 to 1937 the mesh of the
crib was 2 inches (stretched measure as manu-
factured) in all parts except the entire back where
the mesh was 2% inches. Since 1937 the mesh in

. the back of trap nets has been 2% inches, with the

sides made of 2%-inch mesh. The pound-net
samples (from Erie, Pa.) were from nets with
meshes of 2%, inches (stretched measure as manu-
factured). The gill nets, from which the 1927-2§
samples were studied, were of 3-inch and 3%¢-inch
mesh (stretched measure as manufactured). Since
the length frequencies of the perch taken in the
two sizes of mesh showed no significant differences,
the size of mesh was ignored in freating the gill-
net data. The gill-net data, however, have been
separated on the basis of depth of net because
there was a difference between the length fre-
quencies of perch taken in shoal gill nets and in
bull gill nets. The shoal nets were 22 meshes deep
and the bull nets 100 meshes deep. The meshes
of the shoal nets from which the 1943-48 samples
were taken measured 2% inches.

Except in 1930-31 and 1943-48, lengths were
measured with a flexible steel tape held so as to
follow the curve of the body from the tip of tlie
snout to the thickest part of the body, and then
in a straight line approximately parallel to the
long axis of the body. The length records of fish
caught in 1930-31 and 194348 were obtained with
a measuring board. The lengths measured on the
board were converted to “tape-line lengths” by
the factor 1.02. Weights were recorded to the
nearest fourth of an ounce except in 1948 when
they were recorded in tenths of ounces. All meas-
urements of length and weight were obtained from
fresh specimens in the field, except those of fish
collected for key-scale study. Of those, the 207
used in the length-weight-relation study were
shipped fresh, packed in ice, to the laboratory,
where they were measured and weighed, and the
rest, all preserved, were measured but not weighed.
Lengths obtained from preserved specimens were
corrected for shrinkage produced by the preserva-
tive; the correction factor was 1.0065.

Scales for age determinations were taken from
the left side of the fish, below the lateral line and
beneath ‘the spinous dorsal fin. They. were
mounted on standard glass microscope slides in
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the gelatin-glycerin medium recommended by
Van Oosten (1929).

The first examinations of the 1927 and of part
of the 1928 scale collections -were made by use of
the projection apparatus deseribed by Van
Oosten, (1923). The final examinations and the
measurements of those scales, and all examinations
and the measurements of the remaining scales,
were made by means of the apparatus described
by Van Oosten, Deason, and Jobes (1934) at
magnification X 40.7. The measurements from
the focus to each successive annulus and to the
extreme edge of the scale were made along the
most anterior interradial space. Approximately
5 percent of the scales examined were discarded

because the age could not be determined with
confidence.

Ages are designated in roman numerals corre-
sponding to the number of annuli visible on the
scales except for those fish faken in the early
spring before growth began. An annulus was
assumed to be present on the edge of the early-
spring scales. Such an assumption is necessary
to avoid the assignment of one age to fish of a
year class whose scales were without spring
growth and another age to fish of the same year
class collected the same day whose scales had
begun the current season’s growth. Thus fish
assigned to age group I were in or just ready to
begin their second year of life.

DETERMINATION OF AGE AND GROWTH OF LAKE ERIE YELLOW PERCH BY THE -
SCALE METHOD

Since the demonstration by Hoffbauer (1898)
that the age of carp could be determined by
examination of their scales, the scales of fish
have been used extensively for the study of growth
rates and age composition of the stocks of many
marine and fresh-water species. Historical sum-
maries of the literature and discussions of the
validity of age determinations from scales and of

growth calculations from scale measurements

already published make it unnecessary to say
more here than that the major part of the evidence,
obtained from a wide range of species, sub-
stantiates the general premise that age can be
determined accurately from scale markings and
that measurements of fields of growth in scales
can be employed for the calculation of lengths
at the end of the different years of life.

VALIDITY OF THE ANNULUS AS A YEAR MARK

It has been assumed by the several workers
that ages may be determined accurately from
an examination of the scales of the American
yellow perch, since these scales showed clearly
the characteristics that had been used in the
accurate determination of the ages of certain
other species. The data and observations of the
present study, given in the following paragraphs,
substantiate this assumption.

1. The collections of 1927, 1928, and 1929 were
dominated by fish whose scales showed 1, 2, and
3 annuli, vespectively. The corresponding aver-
age total lengths of the age groups were 7.5, 8.3,

and 9.5 inches. (Most of the 1928 collections
were not made as late in the autumn as were the -
collections of 1927 and 1929; consequently, the
average length of 8.3 inches does not represent 3
full years of growth.) That the catches of suc-
ceeding years were dominated by progressively
larger individuals which, in accordance with ex-
pectation, were shown by scale readings also to be
progressively older, is strong evidence that onc
annulus is formed each year and that the scale
markings can be interpreted accurately for at
least the first three years of life.

2. Scales collected on December 7, 1929,
showed no annulus on the edge. Samples obtained
July 1, 1929, April 11 and 13, 1932, and April 29,
1937, showed an annulus forming on the edge of
the scales. On July 11, 1930, the scales showed a
completed annulus a short distance inside the
margin. The outermost annulus was farther from
the scale margin on September 25, 1930, than in
July. These observed variations, especmllv those
on the relative positions of t.he annulus within
the scale margin at different times during the
same year (1930), provide evidence that only one
annulus was formed on yellow-perch scales each
year.

3. There was closer agreement between the
calculated and empirical lengths of fish of the
same age as determined from scales than between
those of different ages. This agreement indicates
a constancy in the number of annuli formed each
year.
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Annulus formation appears to be completed be-
tween early April (1932 and 1937 collections) and
the middle of July (1929 collection). There is no
evidence from these data to show a relation be-
tween the time of annulus formation and sex,
maturity, or spawning activity. The annulus on
yellow-perch scales cannot be said to be a spawn-
ing mark despite the approximate coincidence of
spawning and the completion of the annulus
because (1) immature yellow perch form annuli
identical in appearance with those formed by
spawning fish, (2) the stage of sexual maturity
appears to have no influence on the time of year
the annulus is completed, and (3) the annuli do
not show the typical spawning marks observed
in other species of fish.

The most important characteristics of the annuli
on the scales of the Lake Erie yellow perch may
be stated briefly to be the ‘“‘cutting over” in the
lateral fields resulting from the ' discontinuity
between scale sculpturing of the successive growth
areas, and the irregular or fragmented appearance
of the last circulus laid down each year. Usually
there is a narrow, clear band between the outer-
most circulus of one growth area and the first
circulus of the next.

False (accessory) annuli occurred not infre-
quently on the yellow-perch scales but are be-
lieved not to have affected the results seriously
since all that were recognized were disregarded.
Those annuli designated as false were character-

ized by a decreased amount of “cutting over,”

by less-well-defined discontinuity between the
adjacent fields of growth, and, frequently, by a
position that would have given inconsistent calcu-
lated lengths.

BODY-SCALE RELATION

Few calculated lengths for the American yellow
perch have been published. The earliest, by
Jobes (1933) and Schneberger (1935), were com-
puted by the Dahl-Lea method of direct propor-
tion. This method is based on the assumption
that the ratio of body length to scale length is
constant at all lengths heyond that at which the
first year mark or annulus is formed. The age and
growth of the closely related European perch,
Perca fluviatilis L., have been studied by this
method by several investigators who found that the
lengths calculated by direct proportion usually
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were less than the empirical lengths for the early
years of life.

In spite of the wide use of the direct-proportion
method, numerous investigations have shown that
this method frequently failed to give satisfactorily
accurate results since the computed lengths
obtained often did not agree with empirical -
lengths. Of the several methods developed to
obtain a closer agreement between calculated and

-empirical lengths only that of Segerstrile (1933)

for the European yellow perch will be mentioned
here, since the calculation of lengths in the present
study was by a modification of his procedure.
Segerstrile determined the average scale lengths
corresponding to different body lengths through an
extensive series of measurements of ‘“key’’ scales,
or “Normalschuppen,” taken from a selected area
of the body. The body-scale relation so deter-
mined, expressed either in tabular form or as a
curve, served as the basis for calculating the
growth histories of individual fish. On purely
theoretical grounds, the method of Segerstrile is
the best since it assumes no fixed mathematical
relation between body length and scale length, but
rather is based on the detailed examination of the
actual size of scale at different body lengths.

- The most serious objection to the use of an

empirically determined relation of body length to
scale length in the calculation of growth histories
is the practical difficulty of obtaining samples with
adequate representation of all lengths of fish.
The distribution by length of a fish population
usually is such that individuals of certain sizes are
difficult or impossible to obtain. Inadequate
representation of these length intervals inevitably

. leads to inaccuracies in the caleulated lengths.

The diversity of opinions expressed and of
results obtained by the several investigators deal-
ing with presumably representative collections of
the same and different species leads to the con-
clusion that the relation of body length to scale
length in fishes is not a subject for generalization.
The proper method of calculation must be deter-
mined for the material at hand. Data on the
yellow perch from Lake Erie made possible an
analysis, for the first time,? of the relation of body
length to scale length in & population of American
yellow perch.

3 Although cireumstances prevented earlier publication of this study, Hile
and Jobes (1941) were able to apply the method developed here to the determi-

. nation of the body-scale relation of the yellow perch of Saginaw Bay.
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Only key (selected) scales were used to determine
the relation between size of scale and size of fish.
The scale on the left side of the fish in the third row
below the lateral line and directly beneath the
sixth spine of the dorsal fin was designated the key
scale.
the center of the area from which the unselected
scales were obtained for age and growth determina-
tions. The scale occupying the designated posi-
tion on the right side of the specimen was used
when the one on the left side was lacking or was
regenerated or malformed. Although the collec-
tions for the key-scale study were taken at widely
spaced intervals of time (see p. 211), an analysis of
the data failed to reveal any large or consistent
differences for fish captured in different years or
seasons.® There is no evidence of a seasonal lag

“between the growths of body and scale in the Lake
Erie yellow perch. The data also failed to show
any consistent differences in the relative sizes of
scale correlated with sex or stage of maturity.
Therefore, data from all fish have been combined
in this study without regard for the time of capture,
sex, or stage of maturity.

Table 3 shows the average standard length of
the Lake Erie specimens grouped in 10-millimeter

& The scales of group 0 (first year of life) yellow perch ecaught during late
October and early November 1928 were found to be consistently somewhat
smaller than the scales from fish of the same length and the same year class
that were caught during September 1928 and June 1929, This unusual
phenomenon cannot be explained satisfactorily at present. However, the
differences were so small that the inclusion of fish eaught during October and

November did not change greatly the grand average ratio of body length to
scale length (table 3).

The position of the key scale approximated .

FISHERY BULLETIN. OF THE FISH AND WILDLIFE SERVICE

intervals, and the corresponding average total
lengths in inches, together with the average scale
measurement (at magnification X 40.7), and the
body-scale (L/Se) ratios of each length and age
group. The L/Se ratios of the age groups are
the averages for data collected both at the end
of the growing season and at various times
throughout the summer (see p. 211). The data
were originally grouped in 5-mm. length intervals,
but careful examination revealed that condensa-
tion' to 10-mm. intervals was justifiable. The
average L/Sec ratios-of the age groups indicate that
the relative size of the scale increased during the
first 3 years of life and then decreased slightly
during the fourth. However, a comparison of
the L/Se ratios of fish in the same length interval
but of different ages revealed that there was no
consistent change in the relative size of scale with
age. Consequently, the differences between the
relative sizes of scales in the different age groups
do not depend directly on age but rather on the
length distribution of the age groups. Com-
parisons between fish in the same age group but
of different average lengths showed that the
L/Sc ratios became relatively smaller (relatively
larger scales) as the fish length approached 4.3
inches (see data for age groups 0 and I); remained
reasonably constant over the length range of 4.3
to 9.2 inches (age groups I, II, and III); and then
established another reasonably steady but higher
ratio (relatively smaller scales) over the length
range of 9.2 to 10.9 inches (age groups II and III).

TaBLE 3.—Body length o scale length ratio (L{Sc) of selected scales from western Lake Erie yellow perch by 10-mm. inlervals
[Number of specimens in parentheses]

L|Se ratio for age group—
. i Average stand- Average scale
Standard-lengthinterval Grlelgcar:cggge arﬁength lglﬁlifg(?n?lfeasl) measurement
ot I II 11 (millimeters) (X40.7)

41toB0mm._______..____ 1.97 (0| ... 1.97 47.7 2.3 - 242
51to60mm._ ___...._.___ 1.74 (91) 164 (3) 1.74 82; 55.5 2.7 5%.9
61 to 70 mm. . 1.55 (37) 1.57 (27) 1.56 (64 64.6 3.1 41.4
71 to 80 mm__ 1.4 1.42 (23))... 1.41 (30) 74.6 3.6 52.8
81 to 90 mm . - 1.3 1.32 (25))__ 1.33 (26) 85.2 4.1 64.3
91t0100mm. — e 1.16 532) - 1.16 (32) 97.2 1.6 83.5
101toll0mm___________{ ____ 1.15 (1) 1.18 (18) 104.2 5.0 90.1
Mito120mm. oot L19 (6 ... . 119 (8) 118.5 5.5 9.2
12110 130 mm . . - 1.15 (1) LU (Y| TTTTT 1.15 (12 128.3 6.0 110.2
131 to 140 mm 1.14 (26) 122 (2) 120 (1) 114 529) 136.7 8.3 119.8
141 to 150 mm 1.12 (23) 1.08 (&) 1.22 (2 1.13 (31) 145.1 6.7 128.6
151 to 160 mm 1.14 (15) 1.12 (22) L13 (2 21,13 (40) 156.3 7.2 ' 138.3
161 to 170 mm__ - 1.1 1.14 (36) 1.09 (D) 114 gm) 165.5 7.6 144.5
17ito 10 mm' _.________ e 1.1 119 (20)| ... __.__ 1.19 (21) 173.9 8.0 146.7
181 fo 190 mm _ _ L15 (8 ..l T 1.15 (8) 184.2 8.5 160.2
101 to 200 mm 1.18 (17) 1Lie (@ 117 (2D 196. 5 8.9 167.5
201 to 210 mm 122 (1 1.35 () 13 ® 205.9 9,4 166.9
211 to 220 mm 1.20 (20 1.22 (10} 1.20 (34) 216.8 0.9 170.9
221 to 230 mm._ _ 121 (D 1.20 (6) 1.21 (13) 223 10.2 185.2
231 to 240 mm.. __ SN S [ L2 @ 1.08 (1) 117 @) 234.0 10.6 200.7

Average. . ... 1.74 (178 1.25 (218) 1.16 (153) 1.19 (28) IS (1) | ) KO F R

1 First year of life. )
2 The age was not determined for 1 specimen in this length interval.
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These changes in the L/Se ratio perhaps are shown
more clearly in table 3 and figure 3. It is evident
that the ratio of body length to scale length in the
Lake Erie yellow perch is determined primarily
by the length of the fish.

Figure 3 is a graphic presentation of the average
total lengths and average scale measurements
shown in table 3. The straight line extending
upward from a fish length of 4.6 inches represents
the body-scale relation of all fish with total lengths

greater than 4.2 inches, on the assumption that a
single average (1.16) describes the body-scale
ratio satisfactorily for all these fish. The line for
the average fish lengths of 2.3 to 4.6 inches was
drawn freehand. The line determined by the
average L/Se ratio (1.16) fits the data closely for
the fish with average total lengths of 4.6 to 8.9
inches. The scales of those fish with average

- lengths of 9.4 inches and more were somewhat,

but not pronouncedly, smaller than would have
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F1aure 3.—Relation between body length and scale length in yéllow perch of Lake Erie.
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been expected on theoretical grounds. These
rather slight discrepancies which affected only
three length intervals are not believed to invali-
date the conclusion that the body-scale ratio is
constant beyond the average body length of 4.6
inches. The scales from the fish with average
lengths of less than 4.6 inches were relatively
much smaller than the scales from the larger fish.
It is to be noted particularly that the relative size
of the scale increased rapidly as the average length
of the fish increased from 2.3 to 4.1 inches. The
increase in relative size follows approximately a
straight line but its slope is greater than that of
the line fitted to the data for the larger fish.

The rapid increase in the relative size of the
scale during early life was expected from the
known facts of scale growth. The scales originate
as tiny isolated platelets when the yellow perch
has a total length of approximately 1 inch. The
scale, then, must grow more rapidly than the
- body in order to attain the degree-of imbrication
characteristic of larger fish.

It is evident from table 3 and ﬁgure 3 that a
sharp break in the series of L/Se values and in the
continuity of the curve occurred between the
average lengths of 4.1 and 4.6 inches. A detailed
examination of the L/Sc ratios for each millimeter
length indicated that the break occurred at a
length of 4.3 inches. The average ratio of the
4 2-inch individuals was comparatively high (1.34),
but it fell suddenly to 1.13 in the 4.3-inch fish and
continued at that level in the larger specimens.
It appears, then, that the L/Sc ratio actually
assumes constancy at a fish length of 4.3 inches
rather than at 4.6 and no corrections for dispro-
portionate growth of body and scale are necessary
for calculated values greater than 4.2 inches.
Since the two discontinuous portions of the curve
of figure 3 were based on averages (in order to
obtain a smoother curve) and (for purposes of
correcting computed lengths below 4.3 inches) were
connected at points of average lengths (4.1 and
4.6), any calculated values that fall between these
two ‘averages will be subject to correction. Any
correction of length between 4.2 and 4.6 inches
theoretically is unwarranted. However, as may
be seen from table 4, the corrections for lengths
between these limits are small and for all practical
purposes may be ignored.

If the length of the scale were purely a function
of the length of the fish, the body-scale curve for
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the smaller individuals would be expected to join
smoothly the straight line that describes the body-
scale relation for the larger ones. The pronounced
discontinuity in the curve suggests that other fac-
tors must be involved. .Changes in the relative

. size of the head with increase in fish length may

have been a factor. The relative size of the head
was found to decrease progressively with increase
in fish length through the 71 to 80 mm. interval or
up to the average length of 74.6 mm. (3:6 inches
total length). Thereafter, variations in the relative
size of the head were small and without any detect-
able trend through the 171 to 180 mm. interval(8.0
inches average total length). Although the pro-
gressive decrease in the relative length of the head
may have contributed to the decrease in the values
of L/Se up to a fish length of 3.8 inches, it is
apparent that these clianges did not produce the
observed sudden shift in the body-scale relation
between 4.3 and 4.7 inches.

The possible effect of variations in the number
of scales in linear series on the body-scale ratio also
was investigated. It was found that fish with
standard lengths of 81 to 90 mm. (4.1 inches aver-
age total length) averaged 54.9 (51 to 58) scales
in the lateral line, and that fish with lengths of 91
to 100 mm. (4.6 inches average total length), aver-
aged 55.1 (51 to 62). The small difference (0.2)
in the averages could have had little effect on the
changes in the body-scale ratio. If it is assumed
that this difference could affect the body-scale
ratio, then one would expect the larger fish to have
relatively smaller scales, a conclusion contrary to
the ohserved facts. It appears that the number
of scales in linear series was not a factor in the
sudden change in the body-scale ratio of the Lake
Erie yellow perch.

Length of fish is the only factor in these data
that can be demonstrated to have had an appreci-
able effect on the body-scale ratio. - The failure of
the two portions of the curve to join smoothly can-
not be explained satisfactorily as yet.

CALCULATION OF GROWTH

In the preceding discussion it was indicated that
because of the discontinuity of the L/Se curve
(change in average L/Se ratios) all direct-propor-
tion computations of length less than 4.6 inches
must undergo correction, and hecause of the con-
stancy in the average ratios no corrections were
needed for lengths of 4.6 inches or more. The
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direct-proportion method was therefore employed
*whenever the calculated lengths exceeded 4.5
inches and the empirical curve was used only for
the smaller lengths. Since the correction for 4.51
inches was less than 0.05 inch, the empirical-
curve method was applied only to lengths of 4.46
inches and less.

In practice, all lengths were computed by direct
proportion, and corrected lengths corresponding to
calculated lengths 4.46 inches and less were read
directly from table 4, which was prepared with the
assistance of the empirical body-scale curve (fig.
3). The data for this curve were plotted originally
on l-mm. cross-section paper and the amount of
each correction was read directly from this graph.
The amount of correction required for each direct-
proportion calculated length is the vertical dis-
tancé between the extended straight line repre-
senting the body-scale ratio of fish with total
lengths of 4.6 inches and more and the empirical
line representing the ratio for the shorter fish.
The procedure for obtaining the correction for a
direct-proportion calculated length of 3.25 inches
is illustrated in figure 3. Line AB is drawn hori-
zontally from L=3.25 to B on the straight line
representing the body-scale ratio of fish with total
lengths of 4.6 inches and more. Line CD is s
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" TasLE 4.—Calculated lengths (inches) of Lake Erie yellow

perch
[Total-length conversion of standard length in millimeters]
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perpendicular that passes through B from the
scale axis to D on the line representing the body-
scale ratio of the smaller fish. The correction is
the distance between points B and D. In the
present study only the first-year lengths fell

-within the range that required correction.

CALCULATED GROWTH HISTORIES OF THE AGE GROUPS

The a,veraglge weight at capture and the calculated
lengths of yellow perch taken from impounding
nets in the years 1927-37 are shown by séx and
age group in table 5. Combination of the data
for the several years was possible because the
corresponding averages varied but little from
year to year and the trends in discrepancies
between lengths computed from fish of different
ages were the same in each of the year classes.
The more rapid growth of the females in all years
of life except the second was evident for each year
as well as for the combined years.

The corrected calculated lengths at the end of
the first year of life are seen to be 0.6 inch greater
than those obtained by direct proportion for all
age groups of both sexes except group I where the
difference was 0.4. The smaller amount of cor-
rection for age-group-I fish is to be expected since
they were the larger individuals of their year class
and hence their body-scale ratio deviated less

" 955513—52—3 :

from the straight-line relation required for direct-
proportion computations. In general, the same
remarks may be made regarding the data for males,
females, and all fish. Without exception the cal-
culated first-year lengths of age-group-I fish were
greater than those computed from older fish.
The calculated lengths of fish older than age group
I-revealed a slight. tendency for the first-year
length to decrease as the fish became older. The
discrepancies between the calculated first-year
lengths of fish older than group I were small.
Comparisons of the calculated lengths for all years
of life after the first revealed not only that there.
was a definite tendency for the lengths to decrease
as the fish became older but also that the dis-
crepancies each year were larger than in the first
year of life. It is to be noted also that, with the
exception of group-II fish, the length at capture
in the late fall was greater than the corresponding
lengths computed from older fish.
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TABLE 5.— Average weights and calculated lengths of Lake Erie yellow perch taken in impounding nets in late fall, 1927-87

combined
[Number of specimens in parentheses]
Calculated length ! (inches) at end of year— -
Ayemget -
weight a
Age group capture 1
(ounces) 2 3 4 5 6
Uncorrected | Corrected
Male:
Agegroup X._ .o 3.15 3.6 (266) 4.0 (266) 2.5 (26) oo
Age group IT._ - 425 3.0(532) 3.6 (532) 6.7 (532 8.4(304) | Tl |l
Age group TII_ - 5. 54 3.1 (397) 3.7 (397) 6.5 (397 8.4 5397) 9.3 (209 o -
Age group IV. 6.15 2.9.(45) 3.5 (45) 5.7 (45) 7.7 (45) 8.9 (45) 0.6 (23)]--
Avi (U R RPN 3.0 (974) 3.6 (974) 6.6 (974) 8.4 (836) 9.4 (254) 10.1 (23)
Annual inerement____. . |ocoooaai_ . 3.6 3.0 1.8 X 1.0 .7
Female:
Agegroup X 2.96 3.5 (37) 3.9 3N 7.2(36)  |ommcmomo ool
" Agegroup II__ 4,66 3.1 (490) 3.7 (490) 6.9 (400) 8.7 (310) |-ooo_-_-
Age group III_ 6. 57 3.2 (355) 3.8 (355) 6.7 (355) 8.7 (355) 9.9 Q9| -
Agegroup IV . ... 7.40 2.9 (55) 3.5 (55) 5.9 (55) 7.9 (55) 9.3 (55) 10.2 (28| o
AgegrouDd Voo e 8.50 2.9() 3.5 6.0 (5) 7.9 (5) 9.1 (5) 10.0 (5) 10.6 (%)
Average 3 3.1 (905) 3.7 (905) 6.7 (905) 8.6 (725) 9.8 (252 10.7 (33) L3 (%)
Annual inerement. .. ..o |eaemeoeeas 8.1 3.7 3.0 1.9 1.2 .9 N
Allfish:¢
Agegroup X . .. .- 3.02 3.6 (392) 4.0 (392) T4 (B71) |l
Age group II__ . 4.38 3.1 (1, 636) 3.7 (1,636) 6.8 §1,636) 8.5 (750) |
Age group III. 5.99 3.0 (805) 3.6 (895) 6. 6 (895) 8.5 (895) 9.5 (09} cem
Age group IV. - 6.86 2.8 EIOS) 3.5 (108) 5.8 (108) 7.9 (108) 9.1 (10S) 10.0 (51)]_-
Ao groupP Voo 8.50 2.9(5 3.5 (b) 6.0 (5) _7.9 (5) a.1(5 10.0 (5) 10.6 (4
Average$ 3.1 (2,644) 3.7 (2,644) 6.7 (2,644) 8.5 (1,758) 9.5 (522) 10.4 (56) 1.0 (4)
Annual inerement. 3.1 3.7 3.0 1.8 LO .9 .6

1The calculated lengths are based on all fish without regard for time of
capture and usually include more specimens than used to determine the
length at ca;iture. i

3 The last length shown for each age group Is the length at capture late in
the fall,

In fish older than age group I the discrepancies
just described differ from ‘‘Lee’s phenomenon of
apparent decrease in growth rate,” as most com-
monly encountered, in that the wider disagree-
ments occurred among the computed lengths for
the later rather than the earlier years of life. It
seems probable that the factors that produced the
discrepancies in calculated lengths of the Lake
Erie perch began to be effective after the first year
of life had been passed.

Since an intensive study of the body-scale rela-
tion of the Lake Erie yellow perch has eliminated
the possibility of large errors in computed lengths

¥ Age group I is not included because of selected size. Beyond the third
year of life the average lengths were determined by successive addition of
the average annual increments of the age groups for those years.

4 Includes fish for which the sex was not determined.

resulting from the method of calculation, the ob-
served discrepancies in the calculated lengths must
be considered real rather than apparent. In other
words, the older fish in the samples actually grew
more slowly than the younger ones. The demon-
stration that the discrepancies in computed growth
were real, however, does not justify the conclusion
that the data are exactly descriptive of the growth
in the population from which the samples were
taken. Consideration must be given to the possi-’
bility that the samples were not representative of
the population as a whole.

DISCREPANCIES IN THE CALCULATED GROWTH HISTORIES OF DIFFERENT
AGE GROUPS

Two explanations of the discrepancies in com-
puted growth can be offered. It may be held that
the samples were not representative of the popula-
tion in the lake, and that data based on fully ade-
quate material would not have shown a decline in
the growth rate with an increase in'age. Oritmay
be held that the samples were satisfactorily repre-
sentative but that certain factors tended to bring
about the gradual elimination of the more rapidly

growing individuals from the yellow-perch popula-
tion, and that the recorded data therefore represent
8 valid description of the growth of the Lake Erie
perch.
SELECTION BY GEAR

The selective action of impounding nets in tak-
ing samples depends on the escape of small fish
through the meshes. A rough approximation of the
maximum size of escape may be obtained by deter-
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mining the length of fish with a girth equal to the
circumference of the largest meshes found in the
lifting pot of the nets. Since the largest meshes of
the impounding nets from which the yellow-perch
samples were taken were approximately 2% inches
(stretched measure), no fish with a girth in excess
of about 5 inches should be expected to escape from
the net. Forty-two perch with an average girth of
5 inches (range, 4.72 to 5.28 inches) had an average
total length of 7.9 inches.

Examination of the length-frequency distribu-
tions of the age groups (table 19) shows that only
the larger of group I were retained because they
were too large to escape. About one-fourth of the
yellow perch in age group II were as short as the
theoretical maximum size of escape; only a few of
the group-III fish and none in age groups IVandV
were shorter than 7.9 inches,

It is not possible to make precise esbuna,tes of the
extent to which the reliability of the samples of the
different age groups was affected by the selective

action of the gear. However, group-I samples were

unquestionably composed of individuals with the
most rapid growth. Group-II samples were
affected much less severely. Beyond age group II,
gear selection probably had no significant effect on
the reliability of the samples. It may be concluded,
then, that inadequate sampling traceable to gear
selectivity was an important factor in the dis-
crepancies between the lengths calculated from
group-I yellow perch and from older fish, and was
a contributing factor in discrepancies between the
lengths calculated from group II and from older
fish. Discrepancies among age groups older than
group II cannot be attributed to the selective
action of the nets.

The selective action of the impounding nets
serves also as the basis for the differential destruc-
tion, correlated with growth rate, that brings about
an exaggeration of the discrepancies between the
calculated growth histories of yellow perch of
different ages. Capture in a commercial net ex-
poses illegal-sized perch * to a serious risk of de-
struction in the fishery since a significant propor-
tion 5 of the undersized yellow perch are dead when
the nets are lifted. With a fishery as intensive as

- 4 Bince the legal size for yellow perch (84 inches total length) is well above
the maximum length of escape, the question of differential destruction de-
pendent on gear selectivity concerns only the undersized fish,

5 Dr. Jobn Van OQosten, U. 8. Fish and Wildlife Service, found that approxi-

mately 14 percent of the undersized yellow perch were dead in Lake Erie trap
nets at the time of lifting.

that in Lake Erie a single individual may be ex-
posed to destruction repeatedly. Consequently,
8 severe mortality of the faster-growing yellow
perch of the younger age groups, especially age
group I, is certain to occur. It appears, then, that
perch of the same year class captured at older ages
show relatively slow growth not only because the
samples of the younger age groups were composed
of the faster-growing fish but also because some of
these same fast growers were eliminated from the
stock as young fish.

SEGREGATION CORRELATED WITH SEXUAL
MATURITY

Any segregation of the yellow-perch population
according to maturity would be in effect. a segre-
gation according to size also, since the proportion
of mature individuals increased rapidly with in-
crease in length (table 36), and it was the larger .
fish in the younger age groups that were mature.
It will be shown later that the only evidence of a
segregation of yellow perch according to maturity
was found during the spawning season when the
samples consisted almost entir ely of mature fish—
97 percent of the yellow perch in samples taken
April 11 and 13, 1932, were mature.

A comparison of the percentage of mature indi-
viduals at different lengths (table 36) with the
length-frequency distribution of the age groups
(table 19) provides an indication of the extent to
which segregation on the basis of maturity may
affect the samples of each age. It is seen in table
36 that a majority of the males reached maturity
at 6% inches but that most of the females were not
mature until they had passed 8% inches. It is
apparent from table 19 that of the males only
group I would be affected by a segregation on the
basis of maturity. Such segregation, however,
would practically eliminate the group-I females,
seriously affect those in age group II, and to a
lesser degree disturb age group III. Because the
data in tables 19 and 36 were largely from fish
taken in the fall, the remarks concerning each age
group may be expected to apply equally well to the
next-older group in the next spawning season,
since little if any intervening growth would occur.
Thus, in the spawning season a segregation on the
basis of sexual maturity would affect some of the
males and practically all of the females in group II,

..a few of the males and many of the females in group

IIT1, and almost none of the fish in group IV and
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older groups. The April 11 and 13, 1932, samples

seem to bear out this expectation as there were no.

females in age group II but they accounted for 14.3
and 39.4 percent, respectively, of all fish in age
groups ITT and IV. Although other factors no
doubt affected the sex ratio in the April 1932
samples (see section on sex ratio, p. 260), segrega-
tion on the basis of maturity must have played an
important part. i
Inadequate sampling because of segregation

according to maturity is of little importance in the

present study since only one collection employed

in the study of age and growth was taken from the .

spawning run (1932 collection). In this material
the reliability of the -data for the group-III
females only is open to question.

Since maturity and length are closely related, it
is possible that segregation according to maturity
may be a source of destruction in the spawning-
run fishery of fish with more rapid growth. The
effects of this higher mortality of fish with rapid
growth on comparisons of the growth histories of
fish of different ages are similar to the effects of
the selective destruction of rapidly growing fish
associated with gear selectivity (p. 221).

SELECTIVE DESTRUCTION ACCORDING TO THE
' LEGAL SIZE LIMIT

The imposition of a minimum legal size limit
does much to reduce the effect of selection by gear
through the protection of the faster-growing but
still illegal-sized individuals, but at the same time
adherence to a legal size limit produces a similar
selective effect of its own. As the fish reach the
minimum legal size limit they are subject to re-
moval by the commercial fishery. Consequently,
the faster-growing individuals are exposed to this
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source of destruction earlier in life than are those
of slower growth. In a heavily exploited fishery,
successive samples of a year class, then, may be
composed of fish with successively slower growth
as a consequence of continued sorting according
to size.

The manner and extent to which the selective
destruction of yellow perch according to legal size
limit may give rise to discrepancies between the
calculated growth histories of different age groups
are brought out by the data of table 6. Effcets of
the elimination of different percentages of legal-
sized fish ® on the determination of the growth
histories of three age groups also are shown.
From the data of table 6 it is obvious that the con-
tinued removal of legal-sized yellow perch in the
commercial fishery will bring about a decrease in
the calculated growth rates of an age group.
The first-year computed lengths were affected the
least. The exclusion of all legal-sized fish reduced
the first-year length by only 0.1 inch in the 1928
group II and 0.2 inch in the 1929 group II but
brought about a 0.2-inch increase in the first-year
length of the 1928 group III." On the other hand,
the effect of the elimination of legal-sized yellow
perch on the determination of the calculated
lengths at the end of the second and third years of
life was pronounced. The decreases in the second-
year length with all legal-sized fish excluded were
as high as 0.7 inch (1929 group IT); the decreases
in the third-year length were as high as 0.9 inch
(1928 group IIT). When lesser percentages of

8 A size limit of 8% inches was employed in the separation of legal and
undersized fish in all three age groups although a 9-inch lmit was actually
in effect in 1928. Since most of the 1928 samples were taken in the summer
before completion of the season’s growth and most of the 1929 samples were
taken in the fall, presumably after completion of the season’s growth, it was
believed that the data for all age groups would be made more nearly com=
parable by the use of a single size limit.

TaBLE 6.—Efeci of excluding legal-sized fish in determining gnnbth histories of Lake Erie yellow perch
: [Legal size: S} inches]

1928 group II - 1929 group 1IX 1928 group III
Calculated length Caleulated length st end of Calculated length at end of
Proportion of legal-sized fish excluded | Number | at end of year of | Number | “-2IC0IaleC lengia &b end o | Nymper | alcUtlated leNglh at end o
Frop of speci- |  life— of speei- year of life— of speci- vear of life—
mens mens mens
1 2 1 2 31 1 2 3

NORE. oo e eeeememme e 532 3.8 7.1 372 3.5 8.8 8.5 0 3.7 6.2 8.2
25 pereent. ... __._. . - 750 3.8 7.0 3 3.5 8.7 8.4 &7 3.7 6.2 8.1
50 pereent... . 669 3.8 7.0 274 3.5 6.6 83 44 3.8 6.1 8.0
75 percent._.. - 588 3.7 6.9 225 3.4 6.4 8.1 31 3.8 6.1 7.9
100 percent.. . ceomo o ecccemcmmamae— 506 3.7 6.7 176 3.3 6.1 7.9 18 3.9 5.8 7.8

! Length at capture in fall (sce footnote b, above).
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legal-sized fish were excluded the reductions in the
calculated lengths were smaller.
It should be mentioned that the data of table

6 are based on the elimination of legal-sized fish'

in a single group of samples whereas the removal
of legal-sized individuals by the fishery is gradual
and is also progressive in the sense that continued
growth during the fishing season brings more and
more individuals to the legal size. The data
serve, nevertheless, to illustrate the type of
selective destruction that must occur in the heavily
exploited yellow-perch fishery..

Comparisons of the growth data of table 6 with
those of table 5, reveal that the discrepancies pro-
duced by the elimination of lezal-sized fish from
an age group resembled closely the discrepancies
that actually occurred between the growth histories
of different age groups. It is particularly striking
that in both table 6 and table 5, the greatest dis-
agreements among the calculated lengths of fish
older than age group I occurred beyond the first
year of life. It must be considered probable that
selective destruction based on sorting according to
the legal size limit was an important contributing
factor in the observed discrepancies in the calcu-
lated lengths of the different age groups of Lake
Erie yellow perch.

OTHER CAUSES

Differential natural mortality connected with rate
of growth.—The widely observed association of
slower growth with the attainment of greater age
in poikilothermic animals which was also found
by Hile (1936) in the ciscoes of Silver Lake, Wis.,

may have been a possible factor in the discrep-
ancies in the calculated growth histories of the
Lake Erie yellow perch. The effects of such a
differential natural mortality among the Lake Erie
perch, however, would be obscured by the more
important sources of differential destruction by
the fishery. | ' _

Annual fluctuations in growth rate.—The dis-
crepancies in calculated growth cannot he traced
to annual differences in growth rate since the dis-
agreements occurred between different age groups
of the same year class.

Formation of more than one annulus per year.—
The validity of the use of the annulus on the Lake
Erie yellow-perch scale as a true year mark has
been established. Although accessory checks are
not infrequent, the scales of those fish concerning
whose age there was doubt were discarded. It
does not appear reasonable, therefore, to assume
that the number of errors in the determination of
age was sufficiently great to account for the ob-
served discrepancies in the calculated growth of
different age groups.

- Contraction and resorption of the scale.—Van
Oosten (1929) pointed out that the nature of the
structure of scales makes wholly unacceptable
the assumption that a contraction of scales occurs.
The examination of thousands of yellow-perch
scales failed to yield any indication of resorption
that would effect the calculation of growth.” The
limited amount of resorption or erosion observed
in the lateral fields of the scales of some old fish
did not affect the measurements along the antero-
posterior axis of the scales.

GENERAL GROWTH CURVES

- GROWTH IN LENGTH

It is not possible to determine a growth curve
for the Lake Erie yellow perch that is general in
the sense that it describes the growth of an indi-
vidual typical of the population as a whole. The
preceding discussions have brought out clearly that
in general the older fish had a slower rate of growth
than the younger. Consequently, the combina-
tion of the data of several age groups to determine
a general growth curve involves the lumping to-
gether of heterogeneous growth material. The
resulting curve is descriptive of the samples rather
than of a typical individual. These limitations to
the significance of the data should be kept in mind

in the examination of the information on general
growth contained in table 7.

The average lengths listed in table 7 have been
taken from table 5 and are based on the combina-
tion of all age groups except group I, which was
omitted as nonrepresentative by reason of gear
selection (see p. 221). The lengths of fish taken
in the fall (presumably at the end of the growing
season) were combined with the corresponding cal-
culated lengths. Beyond the third year of life
the average lengths of the different age groups
were determined by successive additions of the
average annual increments of growth. This pro-
cedure brings about a natural smoothing of the
general growth curve for the later years of life.
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TasLE 7.—Average calculaied length, by age, of Lake Erie
yellow perch laken by impounding nels

Nun;ber Total Incret- Standard
. f [ ota, men andar
. Yearoflife speci- | length in | Imerease "y oty

mens length

Inches Inches | Percent Milli-
meters

3.6 |uane-- - 76

3.0 83.3 143

1.8 27.3 181

1.0 1.9 203

.7 7.4 220

bR N S 7

3.0 81,1 146

1.9 28,4 187

12 14,0 215

.9 9.2 234

.6 5.6 248

2 () P 7

3.0 8L.1 145

1.8 26.9 184

1.0 11,8 208

.9 a5 228

.6 5.8 242

The use of the average annual increments caused
the lengths of the fish in the later years of life to
be higher than the corresponding average calcu-
lated lengths as determined from the individual
age groups (table 5). For example, as derived
from the general growth curve, the length of the
females at the end of the fifth year was 10.7 inches
as compared to the values of 10.2 (length at time
of capture in the autumn) and 10 inches as deter-
mined from age-groups IV and V, respectively.
Similarly, this length was 10.1 inches as derived
from the growth curve of the males but was only
9.6 inches at time of capture in the autumn. Dis-
crepancies occurred also in the lengths at the end
of the fourth and sixth years of life. Although
the successive additions of the average annual

.growth increments, to determine the general
growth curve in the later years, introduce dis-
crepancies, they cannot be held with certainty to
represent errors in the general growth curve. On
the contrary, the use of the average annual
increments may tend to offset the distorting
effects of the differential destruction of the more
rapidly growing individuals; hence the seemingly
greater lengths of the general growth curve may
approximate the true typical growth of the Lake
Erie yellow perch more closely than a curve based
entirely on .grand-average calculated lengths.

Figure 4 is a graphic presentation of the data of
table 7 on length at the end of each year of life
and the annual growth increment. At the end of
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the first year of life the females were slightly larger
(0.1 inch) than the males, and they maintained this
advantage in length during the second year. Be-
ginning in the third year the females increased in
length progressively faster than males of the same
age until at the end of the fifth year they were 0.6
inch longer. - _

Of particular interest is the fact that the
minimum legal size of 8% inches, effective in the
States of Michigan and Ohio, was reached at the
end of the third year by all fish (sexes combined).
It may be seen also (table 5) that the average
length of the males captured late in the fall at
the end of their third year was only slightly less
(8.4 inches) and that of the females only a little
more (8.7 inches) than the legal minimum. The
maximum length of yellow perch examined in Lake
Erie was 13.9 inches ‘total length, sex not deter-
mined. The longest male was 11.3 inches and
the longest female 12.9.

No physiological explanation cdan he offered for
the difference in the growth of the sexes. It is
rather certain, however, that the earlier attain-
ment of sexual maturity by the males was not the
primary cause of their poorer growth. The
females enjoyed the greatest actual and relative ad-
vantage in growth in the fourth year of life (fe-
males 1.2 inches, males 1inch). Yet at that size
86.1 percent of the females and 98.6 percent of the
males were mature (see table 36): " If the poor
growth of the males was the result of their early
attainment of maturity, the greatest advantage in
the growth of the females would be expected to
occur in the second year of life when 57.8 percent
of the males and none of the females were mature.

In spite of the differences in the growth of the
sexes, the same general description of the course
of growth applies to the curves for the females,
males, and the sexes combined. The most rapid
growth in length took place in the first year of life,
after which the annual increments decreased
continuously.

GROWTH IN WEIGHT

The average weights of the age groups of yellow
perch taken late each fall (table 5) bring out clearly

" that the females were heavier at each age than

the males with the exception of those fish assigned
to age group II in which the males also were the
longer. The best-represented age group . (II),
which characteristically dominates the late-season
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FicurE 4.—General growth curves showing average length and average annual increments in length
' of Lake Erie yellow perch at end of each year of life.

catches by trap nets, had an average weight of
just over 4 ounces. The only group with an
average weight of over 8 ounces (V) was repre-
sented by only four fish in the late fall samples
and, therefore, the reliability of the average is
open to question. Although there was consider-
able annual variation, the values in table 5 are
believed to represent rather well the average
weights of yellow perch taken by trap nets from
Lake Erie during the later season.

The average weights of the age groups captured
late in the autumn differed considerably from the

corresponding calculated weights (tables 5 and 8).
The empirical weights were greater for the younger
fish and smaller for the older individuals. Net
selectivity, whereby only the heavier of the shorter
fish were retained, no doubt accounted for the
greater empirical weights of the younger fish.
Perhaps the decrease in condition during October
and November (p. 255) was enough to bring about
the discrepancies noted among the older ages.

In order to have strictly comparable data for
general growth in length and in weight, the equa-
tion for the length-weight relation of the Lake
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Froure 5.—General growth curves showing average calculated weiglit at end of each year of life and average annual
inerease in weight of Lake Erie yellow perch according to sex.

CORRECTION

For figure 5, page 226, the
vertical-scale caption should
read "Weight in ounces" in
stead of "Weight in pounds".



YELLOW PERCH OF LAKE ERIE

TABLE 8.— Average calculaled weight, by age, of Lake Erie
yellow perch

{Collections of all years combined]

Welght
Year of life fﬁ"";gi’gei‘l‘: Increase
Grams Ounces
Males Ounces Percent
0.28

9 .32 B2
59 2.08 1.76 550.0
125 4.41 2.33 112.0
100 6.70 © 2,20 51.9
246 8.68 1.98 29.6
303 10.69 2.01 2.2
9 .32 1 2
58 2.05 1.73 540.6
119 4.20 2.15 104.9
172 6.07 1.87 4.5
224 7.9 1.83 30.1
279 9.84 1,94 24.6

Erie perch (see p. 252) has been employed to com-
pute weights corresponding to the grand-average
lengths of table 7. These calculated weights are
given in table 8 which shows also the annual
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increments and percents of increase in weight.
The data on general growth in weight are pre-
sented graphically in figure 5.

The calculated weights of the females exceeded
those of the males in every year of life. The
advantage of the females increased regularly from
0.04 ounce at the end of the first year of life to
1.48 ounces at the end of the fifth. The greatest
advantage in the growth of the females occurred
in the fourth year of life when the increment was
2.29 ounces as compared to 1.65 for the males.

For each sex and for the sexes combined the
annual percent increase in weight was greatest
in the second year and decreased continuously in
the later years. The greatest actual increase in
weight occurred in the third year of life. At the
end of the third year, when the Lake Erie yellow
perch attained the legal length, 8% inches, the
weight (4.2 ounces) was less than half that at the
end of the sixth year (9.8 ounces). The heaviest
male weighed 12} ounces and the heaviest female
(a gravid specimen) weighed 19% ounces.

GROWTH OF YELLOW PERCH IN LAKE ERIE COMPARED WITH THAT IN OTHER
-WATERS

Comparison of the growth of yellow perch in .

Lake Erie with that in other waters will be based
on data from the major centers of commercial
production of the species. With reference to other
waters, it is sufficient to say that the numerous
published average lengths of the age groups show
tremendous variation in the size of fish of the same
age. There appears to be no correlation between
~ geographical location of the lakes and the rate of
growth of perch
Table 9 gives the average calcula.ted total length
of yellow perch at the end of each year of life as
determined in the present study;” by Hile and
Jobes for Saginaw Bay (1941) and for the Wis-
consin waters of Green Bay and northwestern
Lake Michigan (1942); and by Carlander (1942)
for the Minnesota waters of Lake of the Woods.
The data are presented graphically in figure 6.
The total lengths shown were determined where

7 Data on the Lake Erie yellow perch published by Harkness (1922) are
not included in the table because of differences in criteria for recognizing
annuli, and his estimated lengths were not computed with reference to the
end of years of life. Study of these scales, which he kindly sent to me, failed
to reveal any pronounced differences in the rates of growth of yellow perch
collected by him in 1920 and of those collected in 1927 and used in the present
study.

955513—52:

necessary from standard lengths in millimeters by
use of the appropriate conversion factors. Calcu-
lated lengths at the end of each year of life are
used rather than length of the "age groups at
capture to eliminate discrepancies caused by differ-
ences in the time of capture.

With the single exception of the first year when
the growth from Lake of the Woods was the
greatest (3.9 inches), the yellow perch were

. larger in Lake Erie and Saginaw Bay than in the

other three areas. The Lake Erie yellow perch
were larger than those from Saginaw Bay in the
first 3 years of life. In the fourth year they aver-
aged the same, but thereafter the Saginaw Bay

TABLE 9.—Com lpaﬁson of average calculated total lengths of
yellow perch from several localities

[Data for sexes combined]

Average calculated length (in inches) at end
of year—
Locality
t{z{3{4]5]6 7‘8‘9 w,u

Lake Erie._ .- _ocoooo._. 3.7] 6.7| 8.5 9.5/10.4{11.0|____|___|-ao_|ocaaf-aan
Saginaw Bay..___.___..__ 3.0 5.3 80} 9.5/10.7/12.0(12,8)____|____|-c__|--—-
Green Bay. _.______.__.__ 2,8| 4.6| 6.3 7.9 9.0[10,2(11,2/12.3(13. 9| __1---.
’\rorthwestern Lake

Michigan. ..ocoecoooo. 2.8 4.5 6.0{ 7.1| 8.8) B.7|-cocf-oofecaof-anfane
Lake of the Woods...... 3.9 5.4 6.9 81| 9,2]10. 5|11, 8{12.9(14.1(15.2]16.6
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F1aure 6.—Average calculated total length in inches at end of each year of life of yellow perch from different waters of
the Great Lakes and Lake of the Woods. Sexes combined.
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fish averaged the larger. There is a striking
similarity in the growth curves of the other three
populations (fig. 6). The yellow perch from Lake
of the Woods averaged about 1 inch longer than
those from Green Bay and northwestern Lake
‘Michigan at the end of the first year, and after
this year the individuals from northwestern Lake
Michigan averaged somewhat shorter than those
from the other two areas.

Although each of these growth rates compares
favorably with those from other waters, slow
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growth does occur in the Great Lakes. Van
Oosten (1944) reported a sample of yellow perch
taken from Presque Isle Bay (Lake Erie) that
averaged only 6.7 inches total length as age-group-
IV fish. Apparently these slow-growing fish do
not frequent Lake Erie proper as none was found
among the thousands examined in the course of
the present study. The largest yellow perch taken
from Lake Ontario by Greeley (1940) had a total
length of just more than 6.5 inches in its fifth
summer of life.

GROWTH COMPENSATION

Two types of relation between early size and
subsequent growth have been observed: (1) That
in which the individuals with greater growth in the
first year retain or add to that advantage in later
growth; and (2) that in which the individuals with
greater growth in the first year grow relatively
more slowly each subsequent year so that a reduc-
tion in range of size occurs. This latter relation
is known as growth compensation. No attempt
will be made to review the literature on the subject,
but it may be stated that the phenomenon of
.growth compensation has been observed in so
many species of fish, both marine and fresh-water,
that its occurrence may be considered general.

Age groups II and IIT of the 1929 collection,
both of which contained large numbers of speci-
mens, have been selected for a study of the rela-
tion between the first-year length and the later
growth in length of the Lake Erie yellow perch.
The data have been restricted further to those
fish collected late in the autumn, when it could be
assumed that the year’s growth was complete.
Table 10 shows the growth histories of the dif-
ferent yearling-size classes (sexes separately) of
each of these age groups.

The first-year difference of 0.99 inch between
the average lengths of the largest and smallest
group-II males was increased to 1.38 inches in the
second year. The maximum difference was re-
duced by compensatory growth in the third year
to 1.05 inches, but nevertheless remained above
the original difference. In the group-II females
the original 0.94-inch advantage of the largest
yearlings over the smallest was increased slightly
to 0.97 inch in the second year. The maximum
difference was rediced by compensatory growth
in the third year to only 0.68 inch.

TaBLE 10.—Relation between calculated length of Lake Erie
yellow perch at end of first year and growth in subsequent
years, based on 1929 collections of age groups II and II1

Num- Length. (inches) at | Increment (inches)
Calculated length at ber of end of year— for year—
f-’;d of first year of speci-
ife
mens | 3 2 (3|4 |1|2]3]4
Age group II:
Males:
335 inches and
under___.----—- 59) 3.15] 6.24} 8.22| . __ 3.15| 3,09; 1.98|.....
336 to 3.82 inches. 77| 3.58| 6.88| 8.56|..--- 3.58( 3.30) 1.67|-_...
3.83 inches and .
OVEL ceomemcmmmn 20| 4,14 7.62] 9.27| ._..| 4.14{ 2.58( 1.65 .._.
Maximum  dif-
ference. v -—-——-fooooooo .99 1.38} 105 ooo]eeo [ enfme e
Females: .
3.35 Inches and
under. .- -----. 49 3.15| 6.28¢ 8.27(... [ 3.15( 3.13} 1.99|..__.
336t0382mches_ 64| 3. 58| 6. 88 8.63|.-.- 3. 58| 8.30] 1L.75(... ..
3.83 inches and
[1)£ S 27| 4.09; 7.25 8,95.._.. 4.00 3.16| 1.70{-__._
Maximum  dif-
ference....----.. oo - -eo| 94 97| .68[....- RPN RPN RSP A
Age group IIT:
Males:
335 inches and
under____. ----- 40} 8.11} 5,501 7.48] &.86) 3.11] 2.39] 1.98] 1.38
3.36 tosszmches. 68 3. 58| 6.42( 8.27( 9.27( 3.58] 2.84{ 1.85| 1.00
3.83 inches and
OVeloacencanmnann 70| 4.09| 7.21| 8.81| 0.73] 4.00 3.12( 1.60| .92
Maximum  dif-
ference.ea- - oo f-memennn L08( 171 133 .87_ .| < .oo]ienc]eacan
Females:
3.35 inches and
under...._...- 40| 3.20( 5.97| 7.99] 0.46| 3.20| 2.77( 2.02] 1,47
336t038"mches. 57| 3.63| 6.38| 8.50| 9. 73| 3.63| 2,75 2.12{ 1.23
3.83 inches and
OVer. e icemamamn 68} 4.18| 7. 58] 9.32!10.33| 4.18| 3.40) 1.74] 1.0L
Maximum  dif- :
ference ——oce-e-|-oaennn. .08] 1.61( 1.33 .87|--coifeaana

The relation between first-year length and later
growth in length of both sexes of age group III
resembled that of the group-II males. The
largest yearlings of both the males and females
added materially to their first-year advantage
over the smallest yearlings during the second year
of life. The maximum difference was reduced by
compensatory growth during the third year, but
remained greater than the original difference. In
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the fourth year further growth compensation
reduced the maximum difference below the first-
year value.

It appears to be characteristic of the growth of
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the Lake Erie yellow perch that a first-year
advantage in size is increased in the second year.
Growth compensation occurs in the third and
fourth years of life.

PROPORTION OF SEASON’S GROWTH COMPLETED AT TIME OF CAPTURE

TABLE 11.—Increment of growth completed by Lake Erie
yellow perch at certain dales in 1927

For fish captured—
Age group and sex
Oct.24 | Ok 3L %0
Season’s growth (increment of standard length) to
date of capture:
Age group I: M. Mm.
Males_ oo 76
Allfish ' . 75 9
Age %roup IL
‘emales 46 50
Males_ - 33 47
All fish 1 39 47
Age group III:
emales____ 21 23
Males___... 27 29
All ﬁah 1 19 20
Proportion of season's growth completed to date
of Xapture L P y P .
group ercen ercen
geMales ______________________________________ 100
Allfish1_____ 95 100
Age group II:
Females. . 92 100
Males_.... 81 100
All fis . 83 100
Age group III:
Females . ____ . ... 75 100
Males__..__ 93 100
Allfish. . R 66 100
Average (weighted) percentage. 8 . 100
Specimens:
Agegroup L _______.__________ Number
Males___ 136
A All ﬁshllI 195
ge group
Females . ... . 3 46
ales. . - 15 95
Alfish ... R 22 170
Age group IIL:
Females. - 2 15
Males. .. - 2 21
All fish 1_ 8 39

1 Includes fish whose sex was not determined.

Although the dates of collection of the Lake
Erie yellow perch were not distributed in such a
manner as to permit a thoroughgoing study of the
progress of growth during the season, scattered
data based on samples taken after June 30 do
provide a certain amount of information. The
calculated increments of growth added in the year
of capture and the percentages of these increments
of the year’s total growth are shown in tables 11,
12, and 13 for three age groups collected in 1927,
1928, and 1929. The growth increments of perch
from late-season collections have been considered
to represent the total season’s growth and hence
have been assigned the percentage of 100. The
selection of these late-season samples was not

TABLE 12.—Increment of growth completed by Lake Erie
yellow perch al certain dales in 1928

For fish eaptured—

Age group and sex Oct.
July 17 | Aug. 4 ct. 16
and 23 | ‘snds | Aug- 23| Sept.5 Ngz;dm

Season’s growth (increment
of standard length) to
date of capture: Am. Mm. Mm. Mm. Mm.
Agegroup It Allfish'__|_________f...._..__ 52 |- 74
Age group II:
Female 26 29 a7
ale__... 20 27 34
All fish L 26 29 37
Age group III
emale. ... 20 26 24
ale .. .. 20 23 22
All fish 1 19 24 24
Proportion of season's
growth completed to date
of capture: Percent | Percent | Percent | Percent | Percent
Agegroup I Allfish ' _§___ ______[ ____..__ (V20 U 100
Age group II:
F 70 78 100
59 7 100
70 78 100
Age 1group III:
'emale.... 83 108 100
Male._ 91 104 100 .
All fish - 9 100 100
Average (weighted)
percentage. 45 50 71 80 100
Specimens:. ... Number | Number | Number | Number | Number
Agegroup I: Allfish1_ | ________\ ________ T eomeaae 4
Age group II:
Femal 104 68 77
40 70 86
242 148 184 -
2 5 18
3 5 7
9 10 25

1 Includes fish whose sex was not determined.

arbitrary, but was based on a careful study of
the growth increments of fish in the collections of
single days. For example, detailed data for 1928
(not given here) demonstrated that the growth
increments of perch captured on October 16 were
as large as those of fish taken on November 20."
It was assumed, therefore, that no growth occurred
after October 16 in that year, and consequently
the sample of that date was included as part of
the ‘“late-season’” collection. In 1927, on the
other hand, the growth increments of perch cap-
tured on October 24 were noticeably smaller than
those of fish taken on October 81 and on various
dates in November. Accordingly, the October
24 sample was excluded in the computation of the
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TaBLE 13.—Increment of growth completed by Lake Erie
yellow perch at certain dales in 1929

For fish eaptured—

Age group and sex

Aug. 29 Nov. 12
July 1 and Sept. 23 to
Sept. 5 Dee. 7
Season’s growth (increment of
standard length) to datc of
capture:

Age group I: AMm. Mm. Am, Mm.
Females. oo 67 64
Males oo e e e e e [ 72
Allfishy ______________ | 62 67 70

Age group II:

Females..cuovoameocoo | N 42 39
Males. ... _____ 8 |ocemeeo - 38 39
Allfishy ... ____ 9 41 40 39
Age group III
Females. - —.._.._.._. N 26 27
) N P 21 22
Allfish1.... 2 20 24 25
Proportion of season’s growth
completed to date of capture:

Age group I: Percent | Percent | Percent | Percent

Females [ 100

100
100

Females. . oo b 3 IR 108 100

Males oo b1 I IR 97 100
A All ﬂshliﬁ ................ 23 105 102 100
e grou : . :
8 ﬂmaples ................. | § B P 96 100
MaleS. oo e 4| 95 100
A All ﬁshl_.ﬁi;a.) ........ . 8 80 96 100
verage (welg percent-
age‘f_-.( .................... 9 90 96 100
Specimens:
Age group I: Number
Fe 17
53
70
140
168
308
155
178
333
L Includes fish whose sex was not determined.
full-season increments of growth.® Other com-

binations of collections, as for example, that of
the samples of July 17 and 23, 1928, were made
only after examination proved the combinations
to be warranted.

The data of tables 11, 12, and 13 were presented
in considerable detail to bring out the fact that
neither sex nor age appeared to affect the course
of the season’s growth. Females did not show
consistently lower or higher percentages than
males taken on the same day or days; neither did
the percentages vary consistently among samples
of different age groups captured on the same

8 Eistimates of the progress of growth during the seuson of capture macdle
hy Hile, for the cisco (1938) and for the rock bass (1941) in the lakes of north-
eastern Wisconsin, were based on eomparisons of the growth increments up
to the time of eapture with the full-season growth as calculated from samples
of the same year class in collections of later years. The severe discrepancies
between the caleulated growth histories of different age groups of the same
year class of the Lake Erie yellow perch prohibit the use of the same pro-
cedure in the present study. :

dates. It appears valid, therefore, to employ
the weighted percentages (given in each table) as
measures of the proportion of season’s growth
completed at different dates.

In order to obtain a more definite idea of the
course of growth through the season, the weighted
percentages of tables 11, 12, and 13 were plotted
as functions of time within the season (fig. 7).
The smooth curve appearing in figure 7 was fitted
by inspection to the percentages for 1928 and 1929.
For reasons to be brought out presently the single
percentage available for 1927 (that of growth up
to October 24) was held to represent exceptional
conditions and was disregarded in the fitting of
the curve. _

If the curve of figure 7 is accepted as descriptive
of the normal course of growth of the yellow
perch during the season, the following estimates

are obtained:

Percent Percent

For month of— i i S v
June_________________ 15 15
July . . 50, 35
August______.__._____ 80 30
September__.... .. .____ 100 ] 20

According to these estimates relatively little
growth was completed before July 1 (only 15 per-
cent of the total). The greatest increase in length
in a single month occurred in July (35 percent).
Growth dropped slightly in August (to 30 percent)
and sharply in September (to 20 percent), and
appears to have ceased toward the end of Septem-
ber. The small percentage completed on July 1
suggests that growth began some time in June,
although it is not possible to be certain on that
point.

The preceding description of the course of the
growth of the yellow perch during the season
must be recognized as merely an approximation
since it was based on rather limited and scattered
data. The data for 1927 indicate that with
exceptional conditions the percentage of total
growth completed at different times within the
growing season may vary considerably. Perch
collected on October 24, 1927, were found to have
completed only 88 percent of the estimated total
growth for the season. Although the indicated
growth of 12 percent of the season’s total between
October 24 and October 31 does seem to be too
high, the data provide evidence, nevertheless, that
growth was proceeding actively 'in October.
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Ficore 7.—Percentage of season’s growth completed at different dates by Lake Erie yellow perch. Curve fitted to
192829 data by inspection.

Exceptional conditions may be expected also to
affect the course of growth in the early season

(earlier onset or more rapid early-season increase
in some years).

ANNUAL FLUCTUATIONS IN GROWTH

Data are available for the analysis of fluctua-
tions in the growth of the yellow perch taken by
impounding nets in Lake Erie in the two periods,
192729 and 194348, Although the annual
increments of growth in the years 1924-29 were
computed from samples of the entire take by the

nets, whereas the growth in 1940-48 was deter-
mined only from the legal-sized fish (8)% inches and
larger), the average annual increments did not
differ greatly. The fluctuations in growth were
determined separately for each period and repre-
sent deviations from the average of the period to
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TasLE 14.—Calculated annual growth increments according
to calendar year and year of life of Lake Erie yellow perch
taken by tmpounding net, 1927-29

[Data for sexes shown separately]

Calculated growth increments
(inches) in—
Year of life

1924 | 1925 | 1926 | 1927 | 1928 | 1929

Males:

Age group IIT:
Fourth year. . ______________
Third year__....._.-
Second year. ..
First year. .. ..______.

Age %roup II:

hird year . eemeoamma ] 2,
Second year.. --..cooooooo[oemoifuaoios 2.7
First year- .o l[meean | 3.6 8.8
Females:
Age group III:
ourth year__ ... o |cooo|eaaaat

Third year. - oo |emccecfaeae 1.
Second year. | 2.
First year. . . oo e,

Age group II;
Third year. ..
Second year . .4 3.2 ...
First year_ . coeeeuaooo. | 3. 5 [ 3 N I

which the individual years belong. The analysis
has been confined to the growth of age groups II
and III since other age groups contained too few
fish to give reliable averages in all years.

The calculated annual increments of age groups
IT and IIT taken in 1927-29 are shown for each sex
in table 14 and those for the fish taken in 1943-48
are given in table 15. The data in both tables are
arranged so that the horizontal rows show .the
growth in different calendar years of fish in the
same year of life. The vertical columns show the
growth in a single calendar year of fish in different
years of life. The growth histories of the individ-
ual age groups are shown in rows running diago-
nally from the bottom to the right.

The method of estimating annual fluctuations
in growth may be illustrated by the 1925 and 1926
data for the females in table 14.

TaBLE 15.— Calculated annual growth incremenis according
to calendar year and year of life of Lake Erie yellow perch
taken by impounding net, 1943-48

[Data for sexes combined]
Calculated growth increments (inches) in — .
Year of life

1940 | 1041 | 1942 1943 | 1044 | 1945} 1946 | 1047 | 1048

Age group III:
Fourth year____ ... | ]--——- L2131 L1} L1]L3] 1.4
Third year. .. .occoeo|oeanc|aoaen 2116119162017 (.-
Recond year_________|.____ 24(2.5|2.8}13.1 |25 (24| o foeae-
First year__.__...... 3.7|39]8.6]3:9]35(38 |-—cocfoaec]oeaan

Age group II:

Third year. ..o |occoi|eaoae]cean LS| L91L8}2.1]|1L9]| 2.4
Second year. .. ______|.____|....- 3.113.473.3[3.313.6|3.0}).__._
First year_..___.....J..._. 4.1)39[3.7)38)85([3.8|.c_f..

The 1926
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growths of 2.7, 3.8, and 3.8 inches of age group ITI
in the first and second years of life and of age
group IT in the first year of life totaled 10.3 inches
or 0.9 inch more than the total (9.4) of the corre-
sponding increments in 1925 (2.4, 3.5, and 3.5).
The average of the two totals is 9.85 inches. Com-
pared with this average, the total growths in 1926
showed an improvement of 9.1 percent. A con-
tinuation of this procedure shows the percentage
change in growth from each year to the next. The
position of each year’s growth with respect to that
of 1924 is obtained by the successive addition of
the percentages of change. For example, the
growth of the group-III females decreased 5.6
percent from 1924 to 1925 as determined by this
method of computation, but as indicated above,
that of the group-II and group-III females in-
creased 9.1 percent from 1925 to 1926. Hence, the
growth in 1926 may be said to have been —5.64
9.1, or 3.5 percent better than in 1924, In order
to make the percentage deviations describe the
changes with respect to average growth over the
period 1924-29, rather than only to growth in
1924, the mean of the deviations as computed by
the above procedure was subtracted from the in-
dividual deviation of each year. The same pro-
cedure was used to determine the annual fluctua-
tions in growth in 1940 to 1948 (table 15). The
method just described for obtaining the percentage
deviations from average growth is that employed
by Hile (1941) to determine the annual fluctua-
tions in growth of the Nebish Lake (Wisconsin)
rock bass.

The annual percentage deviations of the growth
of the Lake Erie perch from the 192429 and 1940—
48 means are shown in table 16 for the sexes sepa-
rately, where possible, and for the sexes combined.
Particularly noteworthy is the very close agree-
ment between the percentage deviations of the
sexes. The coefficient of correlation between the
annual deviations in the growth of the sexes has
the high value of 0.959. This close correlation
may be construed as a strong argument for the
reliability of the percentages in table 16 as true
measures of the annual fluctuations in growth.

The annual variations in the growth of the Lake
Erie yellow perch were fairly large. The ranges
for the percentages in the period 1924-29 were
23.2 percent for the females, 15.2 percent for the
males, and 18.3 percent for the sexes combined.
The range in the percentage variation of the sexes
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TaABLE 16.—Deviations in growth rate of Lake Erie yellow perch and in mean air temperatures at Sandusky, Ohio, frbm
192429 and 1940—48 averages

Deviation from average growth Deviations of mean temperatures
Year
Male Female Average May June July August September October
Percent Percent Percent °F. °F. °F. °F. °F. °F.
—4, —10. —~7.5 —-3.9 -0.7 —-19 0.3 —4.5 3.0
. —4.7 —1.6 5.5 -1.1 .6 3.3 —8.3
3.4 1.8 -1.5 .0 2.8 .1 —1.4
10.8 1.2 -1.9 .2 —4.2 3.3 4.4
-7.0 2.1 -2.1 2.1 2.8 —2.6 3.6
5.2 .6 .5 .6, -2.1 .3 =10
=3.1 -2.0 .2 1.1 -3 -2.5 -.9
2.3 4.4 10 1.3 -9 2.9 2.2
~L7 3.0 .4 1.1 -9 -1.3 -.1
—-.4 —.4 4.0 .8 .1 -3.3 —2.4
1.8 5.4 2.8 .5 1.5 -1 -1.5
—4.2 -—5.0 -2.8 -2.1 -1 1.1 —-2.3
3.4 —-1.0 -1.0 -7 —4.1 .7 3.5
—7.4 —2.9 -3.2 -2.5 4.7 ] 6.5
9.7 -1.9 -1.4 B —.3 1.7 —4.7
Correlation (r) between growth and temperature (sexes combined).._. 346 —.030 34T —. 605 . 504 - 117

combined during the 1940-48 period was 17.1 or a
little less than in the 192429 period. Growth was
below average in 1924 but improved each year
until the maximum was reached in 1927. The
sharp decline in 1928 was followed by an improve-
ment in 1929. Growth in 1940 was below the
average for the period 1940-48. The increase in
1941 was followed by a 3-year period in which the
growth fluctuated but little; the variations were
greater in 1945—48. The poorest growth in the
194048 period was in 1947 and the best in 1948.

Neither a detailed discussion of all the probable
factors that contributed to the annual fluctuations
observed in the growth of the Lake Erie yellow
perch nor a review of the literature on fluctuations
in the growth of fish seems desirable. It may be
stated, however, that chief among the factors that
previous investigators found associated with
annual fluctuations in growth rate were changes in
the density of the population and fluctuations in
weather conditions (temperature and precipi-
tation).?

It is not possible to state definitely whether fluc-
tuations in the density of the yellow-perch popula-
tion affected the growth of the species in Lake Erie.

Three years in which growth was above average

(1926, 1927, and 1929) and a year of poor growth

(1928) occurred when members of the strong year

class of 1926 were abundant. This situation sug-

gests that fluctuations in the density of the popu-

lation may have little or no effect on the growth
rate of the Lake Erie perch.

? Hile (1936) and Van Ocsten (1944) have reviewed the literature on the
causes of fluctuations in the growth rate of fish.

In the study of the relation between meteor-
ological conditions and the growth rate of the Lake
Erie yellow perch, detailed records of rainfall, the
percentage of possible sunshine, mean wind veloc-
ity, and temperature were consulted. Preliminary
analyses of the data demonstrated that no corre-
lation existed between growth rate and the first
three of the meteorological factors. Seemingly,
variations in the amount of sunshine did not affect

" the production of food sufficiently to influence the

growthof theperch. Theinfluence of rainfall which
would affect turbidity and the chemical confent of
the water, and of variation in wind velocity which
would affect turbidity, appeared to be too small to
detect, or was obscured by other factors.
Investigation of the relation between annual
fluctuations in temperature and in the growth rate
of the Lake Erie yellow perch yielded suggestive
results. The annual deviations of the air temper-
atures at Sandusky, Ohio,® from. the 1924-29 and
1940-48 averages in each month from May to
October, and the coefficients of correlation between
the annual deviations of growth and of temperature
in each month are shown in table 16. Included in .
the table are data not only for the four months,
June through September, that were held to consti-
tute the normal growing season (p. 231), but also
for May and October. Evidence was brought out
that under exceptional conditions growth may
continue through October (p. 230), and it is be-
lieved possible that temperatures in May can

10 These data on air temperatures were taken from Climatological Data of
the United States by Sections, Weather Bureau, U. 8. Department of
Agriculture.
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affect the time at which the season’s growth begins.
It-is recognized that air temperatures do not
provide an exact measure of water temperatures,
but air temperatures averaging exceptionally high
or low over the period of a month probably have a
significant effect on the average water temper-
atures, especially in such shallow water as in
western Lake Erie. Doan (1942) concluded that
either air or water temperatures may be used to
indicate monthly variations from normal, as
the two fluctuate similarly.

Of the six coefficients of correlation between
annual fluctuations in growth rate and in the air
temperatures of individual months listed in table
16, only that for August (r=—0.605) may be
termed ‘‘significant’”’ (r=40.514 when p=0.05).
The coefficient for September (r=0.504) fell just
short of the significant value and those for July
(r=0.347) and May (r=0.346), though moder-
ately high were far from significant. The ex-
tremely low values for October (r=-—0.117) and
June (r=-—0.030) offer not the slightest sugges-
tion of any correlation between annual fluctua-
tions in growth rate and temperatures in those
months.

Even if temperature were known to be a major
factor in the determination of annual fluctuations
in growth rate, high correlations between growth
and temperature in individual months could
hardly be-anticipated, since, as has been demon-
strated previously, the growing season of the Lake
Erie perch includes all or part of several months.
It was with this in mind that the following coeffi-
cients of correlation (r) were computed between
annual fluctuations in growth and the combined
temperatures for several groupings of months:

May to October (inclusive) .. __.____._ —0.124
June to September (inclusive)_________ . 036
May and June__.__________._______ - . 218
May, June, and July______________.___ . 268
May, June, and September____._______ . 416
May, June, and October..___..______. . 104
May, June, September, and October. . _ . 352
Mayand July_ . _____________ .371
May, July, and September____________ . 562
May and September______ S, . 550
May and October___________________ . 116
May, September, and October_ . _____. . 327
June, July, and August_______._______ —. 289
June and August_ . _______________ —. 461
June, August, and October___._.._._. —. 537
June and September______.___________ . 328
June and October.....___________.__ —.176

June, September, and October_____.___ . 202

July and August_ . _ . _____________ —. 384
July, August, and September_________ —. 289
July and September_ . _____________ . 651
August and October_._______________ —. 420
September and October_ . _________. . 180

A detailed discussion is wunnecessary, but
attention is called to the following points:

1. There is no evidence of correlation between
annual fluctuations in growth rate and in tempera-
ture during the season as a whole. The coeffi-
cients for the 6- and 4-month periods May-October
and June-September were both low (—0.124 and
0.036).

2. Combinations of data for the 3 months,
May, July, and September, which exhibited
positive though statistically insignificant correla-
tions of temperature and growth yielded evidence
that a real correlation may exist. The coefficient
for the three months combined was 0.562, and
both of the groupings of two that included Septem-
ber—May and September (»r=0.550), and July
and September (r=0.651)—also showed significant
positive correlation between temperature and
growth. Only the coefficient for May and July
(r=0.371) was below the significant value. It is
to be noted also that the combinations of still
other months with any of these three, or groupings
of them, diminished the correlation below the
significant level.

3. Thenegative coefficient of corrélation between
annual fluctuations in growth and the combined
temperatures during the three months, June,
August, and October, that exhibited negative
values individually was significant (r=—0.537)

"but was less than the figure for August alone

(r=—0.605). Furthermore, not one of the co-
efficients for the three pairings of these months—
June and August (r=0.461), June and October
(r=—0.176), and August and October (r=
—0.420)—was significant. This behavior of the
data suggests that any true negative correlation
between growth and temperature during the
growing seasons probably holds for August alone.

Inasmuch as earlier investigations have demon-
strated that correlations among meteorological
factors themselves can obscure true relations be-
tween those factors and growth (Hile 1941) or even
render the data highly ambiguous (Van Oosten
and Hile 1949), the possibility of similar inter-
ference was checked in the present data. This
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work was carried out with special reference to the

relation between the annual fluctuations of temper-
atures in June and in. August and those of other
months.

The lack of correlation between June tempera-
- tures and growth appears to be somewhat anoma-
lous in view of the evidence of a positive correlation
between growth and temperatures in May and
July. Since the absolute temperature in June
normally is intermediate between those of May
and July & similar relation would be expected for
all 3 months. The coefficients of correlation be-
tween temperatures in June and those in certain
other months listed below are too small, however,
to support any belief that a true relation between
growth and June temperatures has been concealed
by correlations with temperatures of other periods
of the growing season.

Between June temperature and temperature in—

Correlation
May and July_____________________ 0. 291
May and September.______________ . 214
May, July, and September___._..._. .246
July and September_ . _____________ . 124
August__ . _________________: 083

The high negative value of r for growth and
August temperatures cannot be termed anomalous
since water temperatures reach their maximum
in that month in most years' and the concept that

U1 This statement is supported by records of Lake Erie water temperatures
at the intake of the Chesthut Street Water Plant at Erie, Pa. (published in
the Annual Reports of the Commissioner of Water Works of that city).
According to those records the maximum monthly average water temperature
occurred in August in 23 of the 25 years, 1923-47; furthermore, August temper-

"atures of the period averaged 2.3° and 3.7° F. higher than those of July and
September. Thae crib of the intake is located 5,100 feet north of the Presque
Isle Peninsula and is covered by 22 feet of water at low-water level. Al-

" though Erie is located well to the east of the centers of greatest abundanece of
the yellow perch, water temperatures off that port may be taken to indicate
monthly trends.

a high maximum might exert a depressing effect
on growth isnot unreasonable. It was considered
desirable, nevertheless, to determine the possible
effects on the interpretation of the data of correla-
tions between August temperatures and those of
months that exhibited significant positive correla-
tions between temperature and growth. The
following coefficients, including one for May and
July in which temperature was not correlated
significantly with growth, were computed.

Between August temperature and temperature in—

. Correlation
May and July_ o _.______ —0. 086
May and September_____________ —. 186
July and September_____________ —. 339
May, July, and September._______ —. 205

Again none of the correlations between tempera-
tures in different periods was sufficiently. close to
conceal possible relations.

The data presented in this section may be taken
as strong evidence that temperatures exert a
significant effect on the annual fluctuations in
growth of the yellow perch in Lake Erie, with
high temperatures in May, July, and September
(especially September) accelerating growth, and
high temperatures in August retarding it.

Any attempt at a biological interpretation of
the observed correlations would, with our present
knowledge, be of little value. Conceivably, tem-
peratures may affect growth directly, as through
the control of the instantaneous rate of increase
or of the length of the growing season, or indi-
rectly, as through the control of the distribution
or abundance of food organisms. Until more is
learned of the natural history of the perch, the
mechanism of the apparently significant correla-
tion between growth and temperature must remain
unknown.

LENGTH-FREQUENCY DISTRIBUTION

The catches of impounding nets and gill nets
differed in the actual form of the frequency dis-
tribution as well as in the size of fish taken (table
17). The length distribution of yellow perch
caught in trap nets and pound nets was unimodal
each year. The shoal-net collections, on the
other hand, showed definite bimodal length distri-
butions for 1927 and 1929, but gave no indication
of bimodality in 1928. The fairly large number
of small perch taken by the shoal nets during

1927 is probably explained.by the presence of the

abundant year class of 1926, then in their second
year of life (age group I). .The bimodal length
distribution of the bull-net samples in 1927 was
the result of the accidental capture of a large
school of small fish on a single day. These smaller
individuals ordinarily were not gilled in the true
sense, but rather, were captured by tangling the
webbing of the net in the marginal bones of the
mouth or in the fins.

It will be noticed that there was considerable
annual variation in the length of the modal fre- -
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TABLE 17.—Length frequencies of Lake Erie yellow perch by year of capture and type of gear
[An asterisk designates the modal interval in each frequency distribution]}

. Total length

Staqu.rd-l:lngth equivalent to

Taken by impounding nets

Taken by shoal gill nets? Taken by bull gill nets 1

interv: idpoi
midpoint | yo97 | 1928 | 1020 | 1930 | 108

1932

1937 | Total 1028 | 1929 | Total | 1927 | 1928 | 1920 | Total

Inches

121 t0 130 mm._ . .-
131to 140 mm..__.
141 to 150 mm_ . __.

161 to 170 mm... ..
171 to 180 mm.. ...
181 to 190 mm_. __.
191 to 200 mm. .
201 to 210 mm. ..

0090 ~T Y 20 2 v gn O tha e 1D 1D

DBRWNRORONDN WO ROND TN

St et et
IRt stk

19, 391

47,721

Average standard length (mm.)..._
Average total length (inches).......
Percentage illegal (less than 834

inches). . e

182
8.41

§3.4

180
8.82

55.6

1 (Gill nets 22 meshes deep.

quency group in each gear. The modal frequency
intervals of perch caught in impounding nets
varied from 161-170 mm. (7.6 inches total length)
in 1928 and 1930 to 191-200 mm. (9.0 inches
total length) in 1929, or over a range of 30 mm.
(1.4 inches). Annual fluctuations in the per-
centage occurrence of individuals in the several
length intervals of the trap-net and pound-net
catches of 1927-29, inclusive, are shown graphi-
cally in figure 8, which includes only the length
range over which the representation was continu-
ous. The years 1927 to 1929 were selected for
graphic presentation because the year class of 1926
dominated the collections for each of those three
years. The mode of the 1927 specimens caught in
impounding nets was at a length 10 mm. greater
than the mode of the 1928 collections. Since col-
lections of both years were dominated by fish of the
1926 year class, one would expect the length of the
modal frequency in 1928 to be greater than that in
1927. However, this discrepancy can be ex-
plained readily. It may be seen in table 21 that
two age groups were well represented in the 1927
collections; age group I made up 48.9 percent and
age group IT made up 39.9 percent of the total.
The 1928 collections were made up almost entirely
(90.6 percent) of group-II fish. Approximately

* Gill nets 100 meshes deep.

95 percent of the 1927 specimens were taken in
October and November whereas some 72 percent
of the 1928 individuals were taken by the end of
June. Thus, the 1926 year class (group I of 1927),
had only & small part of a growing season in which
to increase their lengths before the 1928 collections
(in which the year class appeared.as age group IT)
were made. Furthermore, the occurrence of large
numbers of group-II fish in 1927 caused the length
at maximum abundance in the combined collec-
tions of that year to be greater than that of the
dominant age group (see table 19).” Thus, the
reduced abundance of fish older than the 1926
year class in 1928 and the short period of time
intervening between the dates of collection of the
1927 and 1928 samples no doubt account for the
shorter modal length in 1928.

The large modal length in 1929 may be attrib-
uted in great measure to the dominant 1926 year
class which had completed approximately 2 full
years’ growth subsequent to ‘the collection of the
1927 material. Even so, the length of the modal
frequency in 1929 was somewhat less than the
modal length of the 1926 year class (age group III)
in that year because of the strong representation
of the 1927 year class (age group II). In general,
the position of the modal frequency each year can
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Frcure 8.—Percentage frequency distribution of total length of Lake Erie yellow perch in 1927, 1928, and 1929 collections
from impounding nets. Curves extend only over length range where representation was continuous.

be explained by the known age composition of the
stock and the time of year when the collections
were obtained. A similar explanation may account
for the shifts in the modal frequency of the years
1930 to 1932 and 1937.

The gill-net collections showed trends in the
annual fluctuation of the length at maximum
abundance similar to those of the impounding nets,

but the total range of variation of the length of the

modal frequencies of the fish actually gilled was

reduced. The modal frequency interval of the
sboal-net samples varied only from 201-210 mm.
(9.4 inches total length) in 1928 and 1929 to
211-220 mm. (9.9 inches total length) in 1927,
or extended over a range of 10 mm. as compared
with a range of 30 mm. in impounding-net samples.
The modes of the yellow perch actually gilled by
the-bull net were at the 201-210 mm. (9.4 inches
total length) interval in 1927 and 1928, and at the
211-220 mm. (9.9 inches total length) level in
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1929. The reduction in the annual fluctuation of
the position of the modal length intervals of the
gilled fish in the gill-net collections as compared
with the impounding-net samples can be ascribed
to the greater selectivity of gill nets.

The lengths of the modal frequencies of fish
gilled in both shoal and bull nets were without
‘exception greater than those of fish caught in
impounding nets in the same year. The general
differences between the length distribution of the

fish from impounding, shoal, and bull nets (all
collections combined) are shown graphically in
figure 9. The curves are based on the totals of
table 17, expressed as percentage frequencies.
The graph includes only the length range over
which representation was continuous. As men-
tioned in the preceding paragraph, the much more
compact distributions and the greater average size
of perch in the gill-net collections may be attrib-
uted to net selectivity. The occurrence of small

35 l
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F1cURE 9.—Percentage frequency distribution of total lengths of Lake Erie yellow perch in collections from each kind of
gear. Curves extend only over length range where representation was continuous. -
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perch in the gill-net collections does not represent
" gilling but, as stated earlier, is the result of the
entanglement of the marginal bones of the mouth
or of the fins in the gill-net webbing.

The occurrence of illegal-sized yellow perch in
impounding-net samples-(table 17) varied from a
maximum of 78.8 percent in 1928 when the
collections were dominated by the 1926 year class
as age group II to a minimum of 38.1 percent in
1929 when the same year class was dominant as
age group IIT. Had the computation for 1928
been made on the basis of the then-effective size
limit of 9 inches instead of the current 8% inches,
the proportion of undersized yellow perch would
have been even greater—89.6 percent. The 1927
collection which was dominated by the 1926 year
class as age group I nevertheless had relatively
fewer illegal-sized yellow perch (61.1 percent
computed from & size limit of 8% inches and 76.2
percent from a size limit of 9 inches) than the 1928
collection. - An explanation of this discrepancy
was given on page 237. Perch under the legal size
limit were in the minority in the impounding-net
samples in only 2 of 7 years (1929 and 1932).
The percentage of undersized perch in the collec-
tions of all years combined, computed from a size
limit of 8% inches, was 55.6.

Illegal-sized yellow perch were relatively much
less abundant in the gill-net than in the impound-
ing-net catches, except in the 1927 bull-net
samples which contained a high proportion of
small, accidentally’ captured fish. Undersized
individuals in shoal-net samples varied from a
maximum of 15.9 percent in 1927 to a minimum
of 2 percent in 1929 and amounted to 6.2 percent
for the 3 years’ collections combined. Com-
puted from the then-effective size limit of 9 inches,
the 1927 and 1928 percentages would have been
higher—20.3 and 23.4. The percentages of under-
sized yellow perch in bull nets were 54.9 in 1927,
17.0in 1928, and 1.4 in 1929. ‘On the basis of the
then-effective size limit of 9 inches these would
have been increased to 59.1 and 33.2 percent in
1927 and 1928. For all years combined the per-
centage of illegal-sized yellow perch in the bull
nets was 15.1 as compared with 6.2 in the shoal-
net collections. - The percentage of illegal-sized
fish in all gill nets was 7.6.

The proportion of illegal-sized yellow perch in

gill-net. catches provides a fairly precise measure .

of the destruction of undersized individuals by
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this type of gear, as practically all individuals are
dead at capture or are killed in the process of
removal from the nets. -It should be noted,
however, that on the average the percentage of
undersized fish in gill-net samples usually fell well
below Ohio’s legal allowance of 10 percent in the
commercial catch, especially since the allowance
is based on weight rather than on numbers of fish.

The destruction of illegal-sized yellow perch can
be determined less accurately for impounding nets

- than for gill nets because the trap-net and pound-
~ net fishermen are required to return all illegal-

sized fish to the water. It is relatively certain
that an unknown portion of these fish die as the
result of handling. It is known that on the aver-
age 14 percent of the illegal-sized perch taken by
Lake Erie trap nets are dead at the time of lifting.
(See footnote 5, p. 221.) Since 55.6 percent of the
yellow perch from impounding nets were under-
sized, it may be computed that for every 1,000
yellow perch taken, 76 illegal-sized fish were de-
stroyed. This value was well below the 151 de-
termined for bull nets but was above the 62 for
shoal nets;, and equaled the 76 from all gill nets.
However, the computed number of illegal-sized
yellow perch destroyed by impounding nets must
be considered as the minimum since it does not
include those fish that are killed during the sorting
of the catch to conform to the legal-size limit.
Further, impounding nets took many more fish
during the year than did the gill nets and therefore
destroyed many more individuals. The data seem
to offer good support to Van Oosten’s (1936) con-
clusion that more fish are destroyed by trap nets
than by gill nets.

The importance of the destruction of small
yellow perch. by trap nets is emphasized when it is
remembered that in recent years this gear has
accounted for approximately 61 percent of all
perch taken in the United States waters of Lake
Erie (65 percent of those taken in Ohio waters).!?

Table 18 contains a summary of the length fre-
quencies (total lengths) by half-inch intervals, the
percentage frequencies, and the cumulative per-
centages for Lake Erie yellow perch taken in
different types of gear, with all years’ collections
combined. Practical considerations make such

12 Percentages were computed from data for ‘the calendar years 1930, 1931,
1982, 1934, 1936, 1937, and 1938 contalned in the former U. 8. Buresu of Fish-

- eries publication, “Fisherles Industries of the United States,” Report of the

Commissioner of Fisheries, for 1931, 1932, 1933, 1935, 1937, 1938, and 1939.
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TABLE 18.—Lengtk frequencies of Lake Erie yellow perch taken in different types of gear

[Collections of all years combined]

Trap and pound nets Shoal gill nets Bull gill nets
Totallength nterval ! | . mber of Cumulative | Number of Cumaulative | Number of Cumulati
umber of ‘umulative | Number o 'umulative | Number ol umulative

specimens | Lercentage | Loroontage | specimens | LCTCOntaZe | oroontage | specimens | Tercentage | oo ientage

2.0 to 2. 0.01 -

2.5 to 3. .03 -
3.0 to 3. .03 o
3.5 to 4. .03 -

4.0 to 4. .07
4.5 to 5. .22 2 0.11 0.11
5.0 to 5. W72 18 101 1.12
5.5 to 6. 1.31 40 2.25 3.87
6.0 fo 6. 2,24 51 2.87 6.24
6.5t07. 2.86 33 1.86 8.10
7.0to 7. 3.38 22 1.24 9.34
7.5 to 8. 4,06 40 2.25 11.59
8.0 to 8. 6.18 83 3.55 15.14
8.5 to 9. 17.13 156 8.78 23.92
9.0 to 9. 49,27 399 22,47 46.39
9.5 t0 10.0 inches 83.69 504 33.45 79.84
10.0 to 97.30 297 16,72 96. 56
10.5 to 99, 41 50 2.82 99. 3

.11.0 to 99.97 .45 99. 83
11.5 to 99, 99 2 11 99. 94
12.0 to C 99,99 || e as
12.5 to 99.99 |
13.0 to 100. 00 1 .06 100. 00
13.5t0140inches._.____..| 2|  (} | L0000 | e e e e e e e

1 Each 14-inch interval contains lengths ilp to but not including the greater value.
1 Specimens occurred in the samples but made up less than 0.005 percent of the total.

a tabulation desirable since legal-size limits for.

yellow perch are expressed in terms of the total
length in inches. It may be seen at a glance, for
example, that with a size limit of 8% inches, 55.6
percent of the yellow perch taken in trap nets wére
under legal length, whereas 79.38 percent were
undersized with a 9-inch limit; or it may be seen
that almost 98 percent of the yellow perch in trap-
net catches were less than 10 inches long. The
tabulation also permits ready comparisons of the
catches by different types of gear.

The length distributions by age for impounding-
net samples are shown in table 19. The collections
of 1930, 1932, and 1937 are omitted from the table
because the number of specimens whose ages were
determined was too small in each of those years
to give reliable results. The length range of fish
of the same age did not vary greatly in the better-
represented age groups during the 3 years 1927 to
1929. The range in length of the age groups was
sufficiently great to cause considerable overlapping
between these groups. Because of this overlap,
length cannot be held a-reliable indication of age.
Age groups IV and V were represented by too few
individuals to give an accurate idea of the range
in either group. The distinctly unimodal dis-
tribution within each well-represented age group

and the great amount of overlapping in length

probably accounted for the.unimodal length dis-

tribution in the yearly collections from impounding
nets.

Additional data obtained from impounding nets
each year in the period 194448 (table 20) make
possible a comparison of the length distribution
of the legal-sized yellow perch in the commercial
catch of those years with the legal-sized fish in-
cluded in the biological samples collected from
the same type of nets in the 3 years 1927 to 1929.
Only age groups IT and I1I will be compared since
younger and older fish contributed but little to
the commercial catch. '

The length distribution of the legal-sized (8%
inches total length and larger) yellow perch
assigned to age group II exhibited a striking dif-
ference between the two periods, 1927-29 and
1944-48. The minimum legal size of 8% inches
was near, or above, the modal length of all group-I1
fish in each of the 3 years 1927 to 1929. The
length distribution of group-II fish in each year
of the period 194448 gave strong reason to be-
lieve that the 8%-inch size limit was below (less
than) the modal length each year with the pos-
sible exception of 1945 when the small sample
agreed more nearly with the data of the earlier
period. Also in each year except 1945 of the
recent period, age group II contained longer fish
than in any year of the earlier period. Further,
the number of the longer group-II fish tended to
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TABLE 19.— Length frequencies of Lake Erie yellow perch by age and year of capture, taken by impounding nels from western
and middle Lake Erie

[An asterisk designates the modal interval in each frequency distribution]

Total
Age group I Age group II Age group III Age group IV Agegroup V
Standard-length éell’]f‘trg_ All age
interval lgnt to - | groups
i) 1927 1928 1929 1927 1928 1929 1927 1928 1929 1927 1928 1929 1927 1929 | -
midpoint :
inches
106 to 110 mm._ 5.1 2
111 to 115 mm._ 5.3 2
116 t0 120 mm 5.5 2
121 to 125 mm 6.8 1
126 to 130 mm._ 6.0 8
131 to 135 mm 6.1 7
136 to 140 mm 6.4 14
141 to 145 mm 6.6 33
146 to 150 mm 6.8 55
151 to 1556 mm .71 68
156 to 160 mm 7.3 - 106
161 to 165 mm 7.5 |- 1 1 134
166 to 170 mm . 7.8 2 3 199
171 to 175 mm 8.0 3 4 223
176 to 180 mm 8.2 3 6 211
181 to 185 mm 8.5 3 6 223
186 to 190 mm.. 8.7 5 4 204
191 to 195 mm_ 8.9 *3 3 5 197
196 to 200 mm . 9.1 3, 10 8 189
201 to 205 mm. 9.3 5 11 7 163
206 to 210 mm_ 9.5 5 8 5 133 °
211 to 215 mm_ 9.8 8 4 3 106
216 to 220 mm_ 10.0 4 7 88
221 to 225 mm_ 10.1 2 *12 71
226 to 230 mm _ 10.4 1 2 41
231 to 235 mm. 10.6 2 & 25
236 to 240 mm_ 10.8 4 21
241 to 245 mm_ 11.1 1 12
246 to 250 mm._ 1.3 4
251 to 2565 mm_ 1. 2
256 to 260 mm_ 11.7 1
Total . ____[_oeeoo. 2, 550
Average standard length .

____________________ 162 138 152 181 179 182 195 198 207 214 217 214 250 223 186
Averagetomll (inches)... 7.5 6.4 7.0 8.4 8.3 8.4 9.0 9.1 9.5 9.8 10.0 9.8 11.4 10.1 8.6
Percent illegal (less than 184

TOMM,) e e eeeemmmmm e 97.9 | 100.0 | 100.0 59.4 61.2 47.0 25.5 25.7 8.2 20.0 (1] 0 0 0 47.2

TaBLE 20.—Length frequencies of legal-sized yellow perch laken commercially and as biological samples 7

in western and middle Lake Erie

~

v impounding nels

Standard- Years combined
Total-length interval 1 length 19272 1928 2 1929 2 1944 3. 19451 19463 1947 2 1948 |—m—m/mm
interval 1927-29 | 1944-48
Age group II: Millimelers
8.50 t0 8,75 inches.. - - ccceeeeees 184 to 189 28 119 44 6 13 8 13 19 191 59
8.75 t0 9.00 inches_ - - ——ccmenaes -190 to 196 20 104 43 10 13 8 2 37 167 90
9.00 to 9.25 R 196 to 201 11 M4 45 17 6 34 50 65 110 172
9.25 to 9.50 inct - 202 to 206 11 28 26 15 ] 53 24 48 146
9.50 to 9.75 inches 207 to 211 2 12 18 12 8 29 32 62 140
9.75 to 10.00 inches. . . 212 to 217 4 7 16 [} 1 17 9 3 61
10.00 to 10.25 inches. - 218 to 224 1 3 3 b2 I — 7 9 29 47
10.25 to 10.50 inches. - 225 to 230 JRUSSEPRESRPE FRRSR S PSR PR 1 2 3 6
10.50 to 10,75 inches . - 231 to 236 - b 1 P 2 7 10
10.75 to 11.00 inches 23710 241 |ae | e | e [ || aaaea 1 1
Total number. . can c-veencmsmame]amammananaan | 77 327 195 69 47 154 163 209 732
Average total length (inches) _...|.aecoaaa. | 8.95 8,86 9.07 9,37 9.10 9.45 9. 9.39 9.36
Age group III:

8.50 to 8.75 inches 3 5 [ U 1 2 1 49 4
8,75 t0 9.00 inches. - 11 4 . 1 A, o6 |- 11 1 73 18
9.00 to 9.25 inches. - 4 12 84 4 17 2 30 20 100 73
9.25 to 9.50 inches. - 4 12 a9 5 18 5 21 20 86 69
9.50 to 9.75 inches_ - 5 5 1 16 28 85 9
9.75 to 10.00 inches. - - 4 6 12 16 103 58
10.00 to 10.25 inches. . 2 3 9 9 73 40
10.25 to 10.50 inches.- - 2 2 3 55 9
10.50 to 10.75 inches. . 2 1 3 10
10.75 to 11.0C inches.. - 12 3
11.00 to 11.26 inches__ 8 1
11.25 to 11.50 inches__ 3 .
11,50 to 11.75 inches 2 3
" Total DUMDET .« o ceecev o ceccacf cmaccccanan 35 . 52 584 12 R5 134 101 671 3%2
Average total length (Inches) ceecleemcomcacaan 9.20 9.45 9.63 9.46 9.63 9.95 9. 51 9.63 9. 9.62

1 Each interval contains lengths up to but not including the greatest value.

2 From biological samples.

$ From commercial samples.
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increase in the later years of the 1944-48 period.
The average total length of the legal-sized group-II
yellow perch was considerably larger in each year
except 1945, of the period 194448, than in any
year of the period 1927-29.

The totals for the two periods place the modal
length of the legal-sized fish in the 8.50 to 8.75
inch interval in 1927-29 and in the 9.00 to 9.25
inch interval in 1944-48. The weighted-average
total lengths for the two periods were 8.94 and
9.36 inches, respectively. The use of unweighted
means of the annual average total lengths to elim-

inate the distorting effects of the differences in -

size of.samples changes the averages for the
periods only slightly, to 8.96 and 9.32 inches.

Both methods of computation show that the -

age-group-II fish of legal size taken in 194448
averaged about 0.4 inch longer than those taken
in 1927-29,

The general pattern of the length distribution of
the legal-sized yellow perch assigned to age group
IIT failed to show as great differences between the
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1927-29 and 194448 periods as were exhibited
by group-II fish. The modal frequency interval
was well above the 8%-inch size limit in all years.
The average total length was greater each year
in the 194448 period than in either 1927 or 1928
but agreed rather well with that of 1929. The
weighted-average length was almost identical in
both periods because the best represented year in
the earlier period included fish with the longest
average length while the best represented of the
later years included specimens with the shortest
average for the period. The unweighted means of
the annual averages in the two periods were 9.46
and 9.64 inches. The more reliable unweighted
means thus show the legal-size yellow perch as-
signed to age group III to have averaged approxi-
mately 0.2 inch longer in 194448 than in 1927-29,

Although these data do not constitute proof,
they do offer strong evidence that yellow perch
in Lake Erie were growing at a faster rate in
194448 than in 1927-29. '

. AGE COMPOSITION AND ABUNDANCE OF YEAR CLASSES

In the study of the age and year-class composi-
tion of the Lake Erie yellow perch it should be
remembered that the samples must be considered
truly descriptive, not of the stock, but rather of
the catch of commercial gear. Trap-net and

pound-net collections were employed in the bio-.

logical study of the relative abundance of age
groups and year classes because those nets are less
selective than gill nets.
impounding nets in a single year may not give
dependable information as to the relative abun-
dance of the year classes represented, the per-
sistent abundance or scarcity of a year class at
different ages, that is, in different years’ collec-
tions, offers a reasonably trustworthy method for
the detection of exceptionally strong or weak year
classes. Of course, a knowledge of the age com-
position in both gill nets and impounding nets is
of importance in the practical problem of deter-
mining the effects of these types of gear oun the
stock.

The number of specimens and the percentage
occurrence of each age group in the yearly collec-
tions of biological samples from impounding nets
- for the years 1927-37 are shown in table 21. Age
group I dominated the samples in one (1927) of

Although samples from

the six years in which collections were made,
although the percentage of abundance of this age
group was also high in 1937. Age group II
dominated in three years (1928, 1930, and 1937),
and group III was dominant in the remaining two
years (1929 and 1932). However, the fact that
the 1932 samples were taken from the spawning
run in April, when the fish were. comparable in
size and maturity to those in the next younger
age group in the previous fall, throws doubt on the
validity of comparisons between the data for this
and other years. The spawning run consists al-
most entirely of mature individuals; consequently,
those age groups containing high percentages of
immature fish were not represented adequately in
the 1932 collections. The 1932 data serve, how-
ever, to show the age composition of the catch in
the spawning-run fishery.

It will be brought out later (p. 251) that unusual
conditions made possible the dominance of age
group I in 1927 and of age group III in 1929.
Dominance of age group Il in the late-season
catch of yellow perch in impounding nets may be
considered the normal condition.

The preceding remarks were based on the total
catch of impounding nets including both legal-
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TaBLE 21.—Distribution by age groups of yellow perch in the different years’ collections from impounding nets
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Number of Number and percentage in age group—
. umber of
Year Month of capture specimens
I II IIT v v
1927 | October and November. ... ..o iimemarana- 481 85 192 47
(48.9) (39.9) (9.8
1928 | July, August, September, October, and November......._.... 918 (11:1!) (9%32) X 70)
. . 6 7. 6
1929 | July, August, S8eptember, November, and December 1_______._ 1,151 23 372 632
(7.2) (32.3) (54.9)
1930 | July and September. 222 1 172 45
0.4 (77.5) (20.3)
1932 | April..oooooo ... 133 | e 2 98
. (1.5) (73.7)
1937 .| November 131 62 66 3
(47.3) (50. 4) (2.3)
All eollections. . eeecamaaan 3,036 392 1,636 895 108 5
. (12.9) (83.9) (29.5) (3.6) 0.2)

1 The 1929 data may be eonsidered as representative of autumn conditions since 66 percent of the speclmens were collected in November and December.

sized and illegal-sized fish. It is of practical value
to know also the representation of these two size
. groups separately as well as the age groups in the
marketable catch, that is, legal-sized fish. Data
on these subjects are contailned in table 22 which
shows the number and percentage of legal and
undersized yellow perch in each age group repre-
sented in the total catch and in table 23 which
gives the numerical and percentage composition
of the marketable catch in each year’s collection.
From the former table it may be seen that legal-
sized yellow perch- constituted an unimportant
proportion of age group I. This age group domi-
nated the catch of impounding nets in 1927 but

.apparently contributed nothing to the commercial

yield. The highest percentage of legal-sized
perch in any group I was 8.1 in 1937. The
majority of all group-II perch captured were
undersized—60.3 percent as determined from a’
size limit of 8)% inches. In only two years (1929
and 1937) did the percentage of undersized perch
in age group II fall below 50. Thus it may be seen
that the age group that normally dominated the
catch of impounding nets' (the spawning-run fish-
ery excepted) consisted largely of yellow perch that
could not be retained and sold by the fisherman.
The percentage of undersized perch in all group-
III fish combined was small (15.1)._/ In two years

TasLe 22.—Disiribution by age groups of legal- and dllegal-sized yellow perch in the different years’ collectzons from
impounding nets

[Percentages in parentheses]

Number and percentage in age group—
Minimum Number | Number
Number :
legal-size . | oflegal | of illegal
Year Timit | ofspect [ T git | Vin all I I 1 v v
(inches) ages ages
Logal | Illegal | Legal | Illegal | Legal | Illegal | Legal | Illegal | Legal | Illegal
1927 s Q 4S1 5 425 0 23, 29 163 21 26 4 1 0
(11.6) (83.4) @ (100.0) (15.1) (84.9) 44.7) (55.3) (80.0) (20.0)}| (100.0) m
Sie 481 123 358 4 p2] ui 115 12 5 2
(25.6) (4.4 (1.7 (98.3) (40.1) (59. 1) (74. 5) (25.5)| (100.0) 0)
1998, o e 9 018 151 767 0 11 103 729 26 4 1
(16.4) (33.6) (0) (100.0) (2.4 (87.6) (6“ 7) (372. 1) (80.0) (20.0)
844 918 384 534 0 11 327 505 18 5 D)
(41.8) (48. 2 O (100.0) (39.3) (60.7) (4. 3) (25.7)
1029 . .- Sls 1,151 243 308 0 195 177 48
(73.2 (26. 8) O] (100.0) (29| (LR (@2h (7.6)
1930 .- 8)a 222 54 168 0 1 -9 | 163 41 4
(24.3) (75.7 (M| (100.0) 6.2 (94. 8) (91. 1) .9
1932 . __.. 81a 133 74 L1 I 2 45
(55.6) (€ 7)) [ P (0) (100, 0) (45, 9) 5+ 1)
1937 e 85 131 50 81 & 5 2% 0
Total (38.2 (81.8) (8.1 (919 (63 h) (38.4)| (100. 0) 0
otal: .
Effective limits 1. () 3,036 1,228 , 308 & 387 378 1,258 738 157 102 5 0
©H0.8) (50. 6) w3 @7 @l ol 2| ars| oo (5.6)| (100.0) [
8}é-inch limit 2__ Sl 3,036 1, 528 1. 508 352 850 9ss 760 5 104 [}
(50.3) (49.7) e orn|l een| wm| Lo D] o (3.7 (100.0) (G)]

1 The number and percentage of legal- and illegal-sized fish in the various age groups of all years’ collectlons combined as determined for the size hmit effec-

tive in each year.
2 As determined for 8%-inch limit for all Years,
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(1927 and 1932), however, this percentage ex-
ceeded 50. The proportion of undersized perch in
age group IV may be considered unimportant, and
all group-V perch were of légal size.

The effects of the varying percentages of legal
and undersized yellow perch in the different age
groups, and of the varying abundance of the age
groups themselves, on the age composition of the
marketable catch may be seen in table 23. Age
group Il dominated the commercial catch in all
years’ samples except four, 1929, 1930, 1932, and
1945, when group-III fish were most numerous,
The data in table 23 give strong indication that
the time of capture within the season may have
an important effect on the age composition of the
marketable catch. The April 1932 (spawning-
run) sample contained no legal-sized yellow perch
younger than age group III. The midsummer
collection of 1930 (most of the fish were taken in
July) was dominated by age group II when both
legal and undersized yellow perch were included

TABLE 23.—Distribulion by age groups of legal-sized yellow
perch in the different years' collections from impounding
nets

[Percentages in parentheses]

Number and percentage in age grou
Leigal Number ul 8o group—
Year Size of speci-
limit 1 mens
(inches) I I IIL v A\
1927 .. __. 9 56 0 29 21 4 2
O] (L.8)| @7.5 (D[ (3.6
815 123 4 35 2
(3.2 (62.6){ (28.5 “.1 (1.6)
1028 _______ 9 151 44
©] (68.2)] (.1} (@7 [()]
81 384 52
] 5.2 3.9 (L3 )
1929 ... 814 843 584
O @Bl 6.3 7.2 ©9
1930....__. 8145 54 41
O] aan| @9 @9 ()]
1932 .. 81s 4 45
' ()] (M} (60.8)} (39.2) (0)
1937...._... 814 50 5 42 3
) (0.0 (8L0)| (6.0) (V) ()]
1943, 0. 814 28 8 16 5 1 0
L4 G.1} Q7.9 3.8) (V]
1944 . 813 81 0 2 0 0
0) @52 (4.9 (0) (1]
1945, _.____ 814 153 0 4 85 19 2
0 Go.n| 5.6 (124 (L3
1946 _______ 314 213 0 154 50 71 -
; O] @23} @@B.5] 6.3 O
1047 . 371 320 1 163 134 19| - 3
. ) . 0.3} 0.9 (“L| 6.0 0.9
1048 . 816 420 7 200 101 13 0
(.7 (71 2 Lo @G (o)
Total.__... Q)] 2, 443 19 128 1,125 161
: (0.8) (46 ni (1.0 (6.6 (l) 5)
Average :
(unweight-
)percent-
Eﬁectlve [0 JE (R (2.8)| (50.9)| (38.0) .7 0.86)
limits,! . .
8}4-inch CO8Ml . 3.0 (53.3) " (36.0)] (7.3)] (0.9
limit.3 : .

! Mlmmum legal size 9 Inches in 1027 and 1928 and 84 inches in all other
yeal
2 As determined for 84-Inch limit for all years.
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(table 22). However, such a small proportion
(5.2 percent) of the age group had attained legal
size (table 22) that age group III became strongly
dominant (75.9 percent) when only legal-sized
fish were considered (table 23). Of the 10 years
in which all or most of the yellow perch were
taken in autumn (1927, 1928, 1929, 1937, 1943—
48), after the continued growth of group-II perch
had brought a greater proportion of them to legal
length, this group dominated the commercial
catch in all but 1929 and 1945. Since the condi-
tions are known to have been abnormal in 1929,
and perhaps also in 1945, it appears valid to con-
clude that age group IT normally dominates the
late-season commercial eatch. Members of the
same year class dominate the fishery as age group
ITI the following spring and during the summer
up to the point that the growth of the incoming
group IT makes it possible for fish of that age to
assume a dominant pos1t10n in the commercial
catch.

The conclusion about the change in the age
composition of the marketable catch within a
single season finds further support in data of the
1928 and 1929 collections. Scales were collected
in both summer and autumn of each of these
years. Comparisons of the percentage age com-
position of legal-sized perch in different months
of capture in the two years may be found in table
24. Analyses were made for the 1928 data with
respect to the then-effective 9-inch size limit and
the current 8%-inch limit. The data of table 24 .
cannot be considered descriptive of the typical
seasonal changes in the age composition of legal-
sized yellow perch since age group II was abnor-
mally abundant in 1928 and group III was excep-
tionally strong in 1929. The percentages serve,
nevertheless, to show clearly the tendency for
group II to replace group III in the marketable
¢atch as the season progresses. In 1928, age
group IIT was dominant among legal-sized yellow
perch in July (41.7 percent) but age group II
was dominant in the later months of the season.
Had an 8%-inch limit been in force, age group II
would have dominated the catch in July as well
as in late season, but its relative importance would
have increased, nevertheless, from 69.1 percent
in July to 91.1 percent in August to November.
The great abundance of group-III yellow perch
in 1929 ‘madé it possible for that age group to
maintain its dominance in the marketable catch
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TaBLE 24.—Percentage age composition of legal-sized yel-
low perch in Lake Erie in different months of capture in
1928 and 1929

Age group
Size limit and month of capture
I1 11 v A’
1028:
@-inch size limit: :
July_ oo 33.3 41.7 25.0 0
Augusl; through Novem- .
................... 71.6 27.7 .7 0
815~ mch size limit: .
Wy e 69.1 .4 -7 95 0
August through Novem
2T S 811 | 8.6 .3 0
1929: 812 mch size limit: :
WY oo .8 85.5 12.9 .S
August and Septemher._. 14.4 85.6 0 0
November and Decem-
her__ .. 31.6 59. 4 8.6 .4

to the end of the season. The representation of
age group II increased, however, from 0.8 percent
in July to 14.4 percent in August and September
and to 31.6 percent in November and December.
At the same time the corresponding percentage
representations of age group III changed from
85.5 to 85.6 to 59.4.

The legal-sized fish of the combined samples for
all years’ collections belonged very largely (92.1
percent) to age groups II and III which were
represented almost equally—46.1 and 46 percent
(table 23). However, the relatively high repre-
sentation of age group III can be traced to the
large 1929 collection in which it was dominant.
A more reliable estimate of the age composition
of .the marketable catch may be had from the un-
weighted averages of the percentages for the
different years. At the bottom of table 23 these

averages are given as computed from the size .

limits actually in effect in the different years (that
is, from a size limit of 9 inches in 1927 and 1928
and of 8% inches in the later years) and as com-
puted from a size limit of 8% inches for all years.
The percentages computed from both the effective
and the 8%-inch size limits showed dominance of
age group II.

Yellow perch older than age group V were not
found in the samples, but are known to have been
present in Lake Erie. Specimens selected because
of their large size revealed no males older than
age group IV, but did include one female of age
group VIL and two fish of undetermined sex
assigned to age group VIIIL.

The data on the age composition of gill-net.

catches (shoal and bull nets) contained in tables
25, 26, and 27 correspond to those already given

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

for trap nets. - The data for 1927 and 1928 in-
cluded both legal- and illegal-sized fish while
those for later years represented only the com-
mercial sizes. Comparisons between the catches
of trap nets and gill nets bring out sharply the
strongly selective action of the latter gear. Age
group III dominated three of the four gill-net
collections obtained in 1927 and 1928 (table 25).
The fourth (the bull-net collection of 1928) was
dominated by age group II, but age group III was
only slightly less abundant. This distribution of
the age groups bears little resemblance to the age
composition of the less-selective impounding nets
(table 21) where the 1927 samples were dominated
by age group I (48.9 percent), and 90.6 percent of
the yellow perch in the 1928 collections were
members of age group II. The 1927 gill-net
samples do not give the slightest indication of the
great abundance of age group I. Possibly the
dominance of age group II in the 1928 bull-net
collection was .due to the great abundance of
group-II fish in that year. However, the shoal-
net collection failed to reveal such dominance and
abundance. On the whole, the age composition
of gill-net catches appears to be in large measure
independent of the relative strength of the age
groups in the population. Characteristically, age
group IIT was dominant, with age group II regu-
larly well represented and occasionally dominant.
The tendency for gill nets to take older fish than
do trap nets may be seen also in the greater abun-
dance of group-IV yellow perch in the gill-net
samples.

A second dlﬁerence between gill-net and im-
pounding-net collections lies in the greater pro-
portion of legal-sized yellow perch in the age groups
from the former gear (table 26). For example,
the percentages of legal yellow perch of group II,
in the impounding-net collections for 1927 and
1928, were only 15.1 and 12.4, computed -from a

9-inch size limit (table 22). - Group II in the gill-
net collections for these years, on the other hand,
contained from 30.2 to 79.2 percent of such perch
and showed an average for the 2-year period (bull
and shoal nets combined) of 47.9 percent. If the
percentages of legal-sized yellow perch in age
group 1l are computed from a size limit of 8%
inches, the values are 39.7 for impounding-net
samples and 76.3 for gill-net collections. A
similar though less pronounced difference existed
between the percentages of group III legal-sized
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TapLE 25.—Distribution by age groups of yellow perch from gill neis
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{Percentages in parentheses]
Number of Number and percentage in age group—
- umber o
Year Month of eapture specimens
I I III IV '
Taken in shoal nets:
S ——— ATBESE. oo a @ f;’) (3422) (4742) (131%) @ 2)
2 X A ] 4
1908 e —————— Julyand August._.______ .. .. ... 44 53 73 17 1
(36.8) (50.7) (11.8) 0.7
B O P 228 2 82 113 28 3
(0. 9) (36.0) (49. 6) (12.3) 2.9
Taken mn bull nets:
1927 e August..._o L. 89 | e 24 38 5 2
. (34.8) (55.1) (7.2) -(2.9)
1928 e eeaa—aan Julyand August________________..__. 133 1 63 56 18 oo
. (0.8) 7.4 (42.1) (9. 5)
202 1 87 94 18 2
(0. 5) (43.1) (46, 5) (8.9) 1.0y
153 2 -53 68 16 4
(1.3) (31.6) (51.0) (10. 5) 2.6)
277 1 116 129 30 1
0.4) (41.9) (46. 6) (10. 8) 0.4)
Total. o e | e . 430 3 168 207 46 b
©.n (39.3) (48.1) .7 {1.2)
TABLE 26.—Distribution by age groups of legal- and illegal-sized yellow perch from gill nets
' [Percentages in parentheses)
Number and percentage in age group—
: Number of | Number |Number il-
Year and minimum legal size specimens | legal size | legal size I I 1II Iv v
Legal { Illegal | Legal | Illegal | Legal | Illegal | Legal | Illegal Lega'l. Illegal
'l‘nkeq, in shoal nets:
“'9 inches. ... 8 72 12 0 19 10 40 0 11 0 2 0
. (0)| {100.0)| (65.5)| (34.5)] (100.0) (0)| (100.0) (0)| (100.0) 0)
8} inches ... ...._____ 84 78 6 0 2 25 4 0 11 0 0
(0)| (100.0)| (86.2)| (13.8)} (100.0) (0)| (100.9) 0)| (100.0) )
9inches..____..______._.. 144 101 [7 2% I I 24 29 60 13 16 1 1 0
(45.3)| (5+.D| (82.2) (17.8)] (94.1) (5.9)] (100.0) [()]
8tz inches. . ... 144 135 8 I P, 44 9 73 0 17 0 1 0
(83.0)| (17.0)| (100.0) ()} (100.0) (0)| (100.0) ()]
Total, 1927-28:
00T T ——— 223 173 1] 0 43 39 100 13 27 1 3 0
| (100.00| (52.4) (47.6)| (88.5)} (11.5)] (96.4) (3.6)| (100.0) )
Skt inches ... 228 213 15 0 69 113 0 28 0 3 0
(0)j (100.0)| (S4.1)| (15.9)| (100.0) (0)| (100.0) (0| (100.0) 0)
’l‘ak%pwin bull nets:
1927: i
9inches. ool 69 64 L7 VR 19 | . b 38 0 b 0 0
(79.2) (20.8)[ (100.0) (0)| (100.0) (0)| (100.0) 0)
8% inches. . ooooooooo. 69 68 b O RO P 23 1 0 0 0
(95.8)| .(4.2)] (100.0) ()| (100.0) ©)| (100.0) [(1)]
9inches. . ... 133 7% 58 0 1 191 - 44 43 13 13 L) 2 PR P,
X (0)| (100.0)| (30.2)| (69.8)] (76.8)] (23.2)| (100.0) (0)
84 inches. ..oo -l o __ 133 101 32 0 1 37 26 1 5 13 [ J P S
(0); (100.0)| (58.7) (4.3 (9L.1) (8.9)| (100.0) 0)
Total, 1927-28: .
9 inches. ... 202 139 63 0 1 38 49 81 13 18 .0 2 0
0)| (100.0)| (43.7)| (56.8)| (86.2)| (13.8)| (100.0) 0)| (100.0) 0)
8316 Inches. . oo ooeeoL. 202 169 33 0 1 89 5 18 0 2 0
(0| (100.0)( (69.0)} (31.0)| (94.7) (5.3)| (100.0) (0)| (100.0) )
'1‘%1;3 e%f shoal and bull nets com- . .
9 ln;:hes ...................... 430 312 118 0 3 81 S8 181 26 45 1 ] 0
(0 (100.0)] 47.9)] (B21){ (87.4)| (12.6)] (97.8) (2.2)} (100.0) ()]
8346 Inches. _avomecmmcmeceeae 430 382 48 0 3 1201 40 5 46 0 ] 0
0] (100.0)] (76.3)] (23.7)] (97.6) (2.4 (100.0) (0){ (100.0) [()]




248

TaBLe 27.—Disiribution by age groups of legal-sized yellow
perch from gill nets, 198728 and 194348

[Percentages in parentheses)

Number and percentage in age
Year and minimum legal | Total
size number
I II I v A\
Period 1927-28:
- 1921
9inches___________ 136 0 38 78 16 4
O] (27.9| (57.49] (1.9 (.9
814 inches____._.____ 146 0 48 1 4
8 O] (2.9 (53. 4} (11.0Y} 2.7
9inches_.__._.____ 176 0 43 103 29 1
)| @4.9] (58.5] (16.5) (0.6
814 inches. .____... 236 0 81 124 1
0)| (34.3)] (52.6)| (12.7) (0.4)
Total, 1927-28:
ginches._..._.___. 312 0 81 181 45 5
. . ] (26.0)| (38.00] (14-4)| (1.6)
814 inches. . __..._ 382 0 129 202 45 5
. )] (33.8)| (52.9)| (12.0)| (1.3)
Average percentage: ! .
ginches________._.|._...._._. (0} (26.1)] (58.0)f (14.1}] (1.8)
8lainches. ... ......___ (0)} (33.6)| (53.0)| (1..8){ (L6
Penod 1943—48
3: 814 inches.. _- 114 [} 64 34 8 2
(5.3} (56.1)| (290.8)| (7.0)] (1.8
1944: 8¢ inches.______. 56 0 42 it 1 0
(0)] (75. 0) @3.2)| (1.8 ()]
©1945: 835 Inches____ ... 74 1 35 3 1]
. (1.3)| (47. 3) 47.3)] 4.1 0)
1948: 834 inches..___.__ 207 1 148 48 9 1
0. 5) (71 "-) (23.2)} (4. 3) (0. 5)
1947: 8L inches.___..__ 380 ] 2 0
2.3 (l9 0) (60, 4) (18 3\ (V)]
1048: 8% inches. . ______ 201 ] 170 103 0
(0)| (58.4)| (35.4)] «6. 2) (1]
Total, 1943-48: .
als inches. _._._... 1,131 17| s33| 48] 110 3
(L8| (7.1 (4L 4| (9.7)] (0.3)
Average percentage: !
S8lsinches .. _____.|[.________. (1.8)] (54.5)| (36.8) (7-0)| (0.4
Total, all years? __. 1, 443 17 614 819 155 8
Average percentage: ! .
Effective limits. ... __._... (L)) (47. 48| (4.9 (5.8 (0D
syj-lnch Hmit. . (L2} (49.3)| (40.6)] (8.2)| (0.7)

1 Unweighted mean.

* Minimum legal siz¢ was 9 Inches in 1927 and 1928 and S81: inches in all
l.mr years.
yellow perch in impounding-net and gill-net col
lections.. The small numbers of specimens do not
warrant detailed comparisons of the remaining
age groups. Attention should be called to the
fact that in both 1927 and 1928 the samples taken
by gill nets did not contain fish caught as late in
the season as did those taken by impounding nets.
Consequently, the yellow perch taken by gill nets
may be expected to have completed less of the
season’s growth. Had the collections from both
types of gear been made at the same time within
the season, the advantage of the gill-net samples
with respect to the percentage of legal-sized yellow
perch in the age groups would probably have been
even greater.

Differences in the age composmon of collections
from the two types of gill nets were not great,
although there was a slight tendency for bull nets
to take more of the younger fish (table 25).

The

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

only dominant group II occurred in the 1928 bull-
net collection, and when the data for 1927 and 1928
are combined, bull nets may be seen to have taken
relatively more fish of age group IT than did shoal
nets and relatively fewer of the older age groups.
Likewise, the differences in the proportion of legal-
sized yellow perch in corresponding age groups of
shoal-net and bull-net collections were not large.
The best represented age groups (I and III) of
the shoal-net samples contained slightly higher
percentages of legal-sized fish than the same age
groups in bull-net samples.

The data on numerical and percentage age
composition of the legal-sized yellow perch taken
by gill nets are presented in table 27 with the
catches of shoal and bull nets combined. Added
to the 1927 and 1928 data are those obtained from
samples of the commercial catch by gill nets in
1943—48. Age group III dominated the samples
in both 1927 and 1928 and made up 58 percent of
the total at the then-effective size limit of 9 inches
(53 percent at the present S}¥-inch size limit).
Age groups 1I and 1V made up 26.1 and 14.1 per-
cent (33.6 and 11.8 percent at the 8)4-inch limit)
and formed the only other well-represented groups
in the catches. Age group I was not represented
at all. The 1943-48 data differed from those of
the earlier years in that age-group-II fish domi-
nated in 4 years, age groups II and I1T were equally -
represented in one, and age group III was domi-
nant in only 1 year. The averages for the 6 years
(comparable to the averages at the 8%-inch size
limit in 1927-28) showed that group II made up
54.5 percent of the total, group II1 36.5 percent,
group IV 7 percent, and groupI 1.6 percent. Thus
it is seen that there was not only & shift in domi-
nance from group III in 1927-28 to group II in
194348 but also an accompanying decrease in the
relative abundance of the fish in groups IV and V
and an increase in the number of those in group I.

Explanation of the difference in age composi-
tion of the legal-sized yellow perch taken by gill
nets in 1927-28 and 1943-48 probably lies in the
time of year the fish were captured. All of the
192728 samples were collected in July and Au-
gust while those for 194348 were taken from late
September to early November. The samples ob-
tained in July and August (1927-28) unquestion-
ably were made up of fish that had not completed
the season’s growth, whereas those taken later in

‘the year (1943-48) could be expected to have
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completed, or nearly completed, growth for the
year. The continued growth, especially of the
age group just entering the commercial fishery in
large numbers (group II) can be expected to in-
crease the relative abundance of the younger indi-
viduals among the legal-sized fish. The belief
that the time of capture in & year explains the
shift of dominance from group IIT to group II is
supported by the strikingly similar changes found
in the impounding-net data.

If the data for impounding and gill nets are
considered together, it may be stated that the
fishery is supported chiefly by age groups II and
III. Age group III dominated the commercial
catech of gill nets in late summer of both 1927 and
1928. The same age group is in all probability
usually dominant in the early-season catches also.
The late-season (late September to early Novem-
ember) commercial catches by gill nets were dom-
inated by age group II in 4 of the 6 years 194348.
Age group III dominated the late-season gill-net
catches only once (1947) and age groups II and
ITI were of equal abundance in 1945. The com-
mercial catch of impounding nets appeared to be
dominated by age group III in the spring and
during at least part of the summer. As growth
during the summer brings an increasing percent-
age of age group II to legal size this age group
assumed a more important position in the catch.
Dominance by age group II seems to be character-
istic of late-season impounding-net catches, al-

though there may be exceptions, as in 1929 and
1945, when age group II1 may be the stronger.

The dependence of the fishery on two age groups
renders the abundance of the Lake Erie perch
very sensitive to natural fluctuations in the
strength of year classes and vulnerable to over-
fishing. The'small quantity of fish of commercial
size that is carried over from one year to the next
malkes the maintenance of protective measures to
ensure an adequate stock of spawners at all times

“highly imperative.

The percentage representation of the year classes
in each year’s collection of yellow perch from im-
pounding nets in Lake Erie is recorded in table
28. ‘The data for the 1937 collection have been
omitted because of the long time interval separat-
ing this sample from the earlier collections. Dis-
cussion of the year-class composition of the 1937
samples will be based on the age-composition
data of table 21. No tabulation has been pre-
sented of the year-class composition of gill-net
samples because of the highly selective action of
that gear.

The inability of impounding nets to retain repre-
sentative samples of the younger age groups, and
the rapid rate at which year classes disappear from
the fishery owing to the short life span, combine
to make interpretation of data on the year-class
composition of the samples most difficult. Age
group 0 (first year of life) is of course absent from
all collections, and normally group-I fish occur

TABLE 28.—OQccurrence of year classes of yellow perch in the catch of impounding nets of Lake Erie

Asterisk designates dominant year class each year; roman numerals show age at capture]

PART I-PERCENTAGE BASED ON ALL FISH TAKEN

Year of capture

Year class of—
1922 1923 1924 1926 1927 1928 1929 1930
RO TY |k
*60. 6 II LT ||
*54.9 III 32,3 II {210 Y S
L81V 20.3 III *77.5I1 (U 10 1 PO
____________________________ 24.8 IV *73.7 III L51X

PART II-PERCENTAGE BASED ON COMMERCIAL CATCH

Year class of—

Year of capture :

- 1939 190 . |- 194l 1043 194 1845 1946 1947
M3l 3.61V 17.9 III *57.1 IT BT |
M8 IT | s g XX (ol
124 IV *55.6 ITT 700 6 A ORI [ O NI

oV 331V B5II|  *2.31I

.............. 9V 6.0 IV 4L9 I | *50.9 11 (153 S E
__________________________________________ 311V 21,0 LII *7L.2 IT 171
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only in small numbers. Age group 1I is affected
less by the selective action of the gear although
many fish of this age seem to be too small to be
retained in the nets in spring and early summer
(p. 221). Tt appears, then, that estimates of the
relative abundance of the year classes of the Lake
Erie perch must be based chiefly on the represen-
tation of the older fish in the different years’
samples. 'The relative strength of age group II
may be considered significant only if the sample
was taken late in the season. The scarcity of
group-I fish cannot be held to indicate a weak
year class, although a great abundance of yellow
perch of this age may be considered evidence of
a strong one. .

Ordinarily the estimate of the strength of a year
class is based on a knowledge of its relative
abundance in the collections of several successive
years. In the Lake Erie yellow perch, however,
the great scarcity of all fish older than age group
ITI, together with the unreliability of data on the
abundance of the younger age groups, makes the
application of this method very difficult.. Further
complications arise from the failure to obtain
data in 1938 and 1939, and the fact that only the
legal-sized fish were sampled in 1943-48.

Because of the limitations just outlined it is
not possible to make a precise arrangement of the
year classes of the Lake Erie yellow perch in the
order of their abundance. In fact it is possible
to speak with certainty concerning only one of
them—the year class of 1926. This year class
was without doubt one of exceptional strength.
It dominated the impounding-net collections of
three successive years, 1927, 1928, and .1929.
Dominance of this year class as group I and as
group III is particularly significant. The only
dominant group I of the collections occurred in
the 1927 samples. In the remaining collections,
age group I made up no more than 7.2 percent of
the samples except in 1937 and 1943. Age group
III was dominant in the late-season collections of
both 1929 and 1945. It should be pointed out
further than in 1928 the 1926 year class provided
relatively the strongest group II in any of the
collections (90.6 percent of the total).

Three other year classes appeared to have been
of more than ordinary strength. The 1936 year
class as group I made up 47.3 percent of the entire
1937 sample (table 21). The only other collec-
tion with such an abundance of group-I fish was
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made in 1927 when the 1926 year class dominated
the catch of impounding nets. Unfortunately, no
samples were obtained in either 1938 or 1939 and,
as a consequence, nothing is known of the strength
of the 1936 year class at the ages when they would
contribute most to the fishery. However, produc-
tion increased from 3,305,000 pounds in 1936 to
7,782,000 pounds in 1938 when the 1936 year class
would have entered the commercial fishery in
greatest numbers. A large increase in yield is to
be expected when a strong year class enters the
fishery, and the 236-percent increase from 1936 to
1938 in the catch of yellow perch may be taken as
evidence, if not proof, that the 1936 year class was
of more than ordinary strength. The sharp decline
to 3,015,000 pounds in 1939 in the take of yellow
perch could mean the exhaustion of an abundant
year class by an intense fishery.

Despite the fact that the evaluation of the
strength of year classes in the 1943-48 period is
handicapped by lack of knowledge of the abun-
dance of group-I fish in those years, it seems evident
that the 1942 year class was one of considerable
size. It comprised 21.4 percent of the 1943 samples
as age group I. The same year class was strongly
dominant as group-II fish in 1944 (85.2 percent)
and continued to dominate the commercial samples
as age group IIT in 1945 (55.6 percent). The
strong representation of the 1942 year class as
group-I fish in the commercial yield in 1943 and
the dominance of the group in the two succeeding
years could have been accomplished only by re-
markably good survival.

Evidence, less convincing but nevertheless
strongly suggestive, points to 1944 as having pro-
duced a year class that was stronger than that
of either 1943 or 1945. The 1944 year class as
group-II fish made up 72.3 percent of the 1946
commercial samples and contributed heavily (41.9
percent) to the 1947 take when they were in age
group III. .

The 1943-48 data from gill nets .(table 27)
provide some evidence of the relative strength of
year classes despite the fact that these nets are

- highly selective and the samples were taken from

the legal-sized yellow perch. Age group III made
up 47.3 percent of the legal-sized fish in 1945 and
equaled tbhe abundance of group II. This high
relative abundance of age group III supports the
conclusion reached from the trap-net data that
the 1942 year class was of more than ordinary
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strength. Although the fish assigned to age
group III dominated the late-season commercial
catch of yellow perch by gill nets in 1947, the
evidence that the 1944 year class was exceptionally
strong is not conclusive.
1944 year class strongly dominated (71.5 percent)
the commercial catch in 1946 and exhibited the
second-strongest dominance in the 6-year period
194348, but. the class appeared sparingly (1.3
percent) as age group I in 1945. Data from the
gill nets add strength to the suggestion based on
trap-net catches that the year class of 1944 was
stronger than that of either 1943 or 1945.

The occurrence of rather wide fluctuations in
the abundance of year classes has been observed
in a large number of species, both marine and
fresh-water. Despite the extensive studies that
have been made of the fluctuations in abundance
of year classes, relatively little is known concerning
the underlying causes. It is agreed rather gen-
erally, however, that the fluctuations “have their
origin in certain conditions prevailing at a very
early period in the life of the fish” (Hjort 1914).
The belief is general also that fluctuations depend
on variations in meteorological-hydrographical
conditions, although biological conditions (for
example, competition for food among the young
and increase in predators) may at times be
important.'

Under conditions of a stabilized fishing inten-
sity, it is believed that the causes of fluctuations
in the abundance of year classes in the fishes of
Lake Erie are most probably to be found in the
meteorological-hydrographical conditions. It is
recognized that overfishing and other factors also
may be involved. The simultaneous occurrence
in 1926 of a strong year class in seven species
strongly suggests that competition for food among
the young is not normally a limiting factor. The
comparatively low yield of the fishery in 1926, a
year that produced & strong year class, indicates
that as long as the population is maintained at a
reasonable strength the number of spawners may
not be the primary determining factor.

The weather records from the Sandusky, Ohio,
station of the U. S. Weather Bureau (1919-48)
have been examined in an effort to detect a
possible correlation between weather conditions

13 Jensen (1933) gave a detailed review of the literature and a critical dis-
cussion of the causes of fluctuations in the abundance of marine fish of the
North Sea and neighboring waters.

As group-IT fish the .

and the strength of the year classes. It has been
assumed that conditions in 1926 and 1942 and
probably in 1936 and 1944 were exceptional as
those years produced the strongest year classes

-of yellow perch found within the data, and that

the causes for the strength of those year classes
should be found in the extent and manner in
which the meteorological conditions of those years
differed from other years. It was expected
further that conditions would be more comparable
in the years 1926 and 1942 than in any other years.
Because of the previously mentioned impossi-
bility of evaluating accurately the strength of each
vear class it is possible to speak only in general
terms concerning the effects of weather, hence
detailed weather data will not-be presented. The
temperature data that were examined referred to
air temperatures. Asmentioned previously, trends
in air temperature no doubt indicate approximate
trends in water temperature, especially in such
shallow water as is found in western Lake Erie.
It was found that the winter.of 1925-26 (Novem-
ber to February) was cold and that the following
prespawning period (March and April) was the
coldest for the years 1919 to 1948. However,
both the winter of 194142 and the prespawning
period in 1942 were warmer than average. The
2 years probably producing strong year classes
(1936 and 1944) differed in that the winter of
1935-36 was exceptionally cold and that of 1943-44
was warmer than average. The prespawning
period in 1936 had above average temperatures |
but in 1944 temperatures were below average.
In other months of the year temperature exhibited
no relation to the strength of the year classes.
Although all of the 4 years that apparently
produced strong year classes had less than average
rainfall in May and June, the total precipitation
in both 1942 and 1944 was only slightly below
normal and amounted to between two and three
times that in either 1926 or 1936. Wind velocities
and percentage of possible sunshine appear to bear
aven less relation to the strength of year classes
than the other factors considered. Van Oosten
(1948) pointed out that there was no relation
between turbidity and strength of year classes.
The contradictory evidence of the effects of

- temperature during the winter and prespawning

period and total precipitation during May and
June on the strength of year classes makes it
appear that no simple relation exists. Although
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extremely high or low temperatures and severe
storms may lead to ‘catastrophic destruction of
eggs and small fish, the strength of a year class is
believed to depend normally on the sum of the
effects of many factors. It seems entirely reason-

able to suppose that the controlling factors have

" to do with the coincidental occurrence of early

feeding by the newly hatched fish and the appear-
ance of suitable food organisms in adequate
amounts. :

LENGTH-WEIGHT RELATION

. The mathematical relation between length and
weight of the yellow perch of Lake Erie in 1927-37
was determined by fitting the equation W=cL*
- to the average empirical length and weight of each
5-mm. standard-length frequency interval over
the range 106 to 250 mm. (5.0 to 11.4 inches total
length). Length intervals both longer and shorter
than this range contained less than 28 fish each
and were not employed in the fitting of the equa-~
tion because of possibly unreliable averages. The
data represent all yellow perch with standard
lengths of 106 to 250 mm. that were measured and
weighed without regard for locality, sex, season
and year of capture, or gear employed. Data on
the length and weight of Lake Erie yellow perch
in 194348 are not included because analysis of
these later data showed them to be similar in every
respect to those obtained during the earlier years.
The equation derived from the 1927-37 data ap-
- plied equally well to the 1943—48 material.
The equation that best describes the length-

weight relation of the Lake Erie yellow perch is: .

W=1.766 X 10539,

in which W=weight in grams, and L=standard
length in millimeters. Since n=3.015, it may be
said that the weight of the yellow perch in Lake
Erie increased approximately as the cube of the
length (n=3.0).

Table 29 shows the actual and calculated weights
for each 5-mm. interval of standard. length of the
yellow perch of Lake Erie from 1927 to 1937.
Weights were computed both from the cube rela-
tionship and from the more general equation (W=
cL™). It was found that weights calculated by the
general equation agreed closely with those com-
puted by the equation W=1.91X10%L% (The
weighted grand average K for all Lake Erie yellow
perch was 1.91.) Weights calculated by the two
equations were in complete agreement for all but 6
of the 31 frequency intervals for fish with standard
lengths of less than 236 mm., and in no interval
differed by more than 1 gram. The weights com-

puted by the two equations agreed at no lengths
greater than 235 mm. The weights of these larger
yellow perch calculated from the cubic relationship
were always less than those computed from the
more general equation but at no length was the
difference between the two calculated weights
greater than 4 grams. It is true also that the
differences between the two corresponding calcu-
lated weights tended to increase progressively as

TABLE 29.—Actual and calculated weights of Lake Erie
yellow perch by 6-millimeter length iniervals

[Data based on all fish weighed during the investigation]

Average weight
. caleulated from
Standard-length Total | Numbher ‘t‘éﬁf;ﬁe equation:

intervalt length of fish weight T
o =KX

TW=¢Lr 10-513

Inches Grams Grams Qrams

3.9 1 7 11 1

[ 7% N (R PR 13 13
4.4 1 21 15 15
4.6 1 21 18 18
4.8 8 21 21 2
5.1 28 24 24 24
5.3 52 26 27 28
5.5 53 20 31 31
5.8 58 35 35 36
6.0 7 40 40 40
6.2 93 45 45 45
6.4 144 51 &0 50
8.6 281 58 56 56
6.8 431 64 62 62
71 513 69 68 68
7.3 751 w 75 75
7.5 962 83 82 33
7.8 1,161 91 a1
8.0 1,275 98 99 29
8.2 1,463 108 108 108
8.5 1,633 117 116 117
8.7 1,844 126 127 127
8.9 1,967 137 137 137
9.1 2,252 149 148 148
9.3 2,124 162 160 160
9.5 1,845 174 172 172
9.8 1, 531 186 185 185
10,0 1,066 200 103 198
10.2 881 213 212 212
10.4 399 227 227 226
10.6 166 240 242 242
10.8 113 255 258 257
11.1 66 266 275 274
1.3 34 282 202 291
1.5 ] 304 310 300
11.7 7 334 329 328
12.0 1 312 349 347
12.2 5 349 369 368
12, 4 1 404 390 380
X J) (SR " 412 410
12,9 3 418 435 433
13.1 2 524 459 456
13,8 beeem e 483 450
13.6 1 475 508 505
13,8 o[ 535 531
14,0 Joom o maeeas 562 558

1In 5-mm. intervals.
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the standard length of the fish increased above
270 mam. -

A comparison of the average actual weights
with the calculated weights shows that there was
excellent agreement over most of the length
range for which there were large numbers of fish.**
Over the standard length range of 103 to 238 mm.
the actual weights at no point disagreed with

either of the computed weights by more than 3 -

grams. It is apparent also that calculated weights
obtained by the two equations agreed almost
“equally well with the average actual weights over
this length range. The lack of agreement between
the observed weights and the computed weights
of perch with standard lengths less than 103 mm.
may be due to the small number of specimens of
that size. The empirical weights were somewhat
less than either calculated weight at all but three
of the lengths greater than 238 mm. (intervals
with midpoints at 258, 273, and 288 were the ex-
ceptions). Over this range, the weights calcu-
lated on the basis of the cubic relationship were
ordinarily closer to the observed weights than
were those calculated from the more general
equation. The fact that the actual weights of the
larger fish were usually less than the computed
weights may indicate that both equations fail to
fit the data exactly for standard lengths greater
than 238 mm., or it may be due to the small
number of individuals in most of the frequency
intervals. Another possible explanation of the
lower actual weights at lengths greater than 238

4 The average actual weights are the averages of all fish in each 5-mm.
_int.erval. Only the midlength of each inter val is shown in the table.
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mm. is that the gill nets selected only the lighter
of the longer fish.

The weights calculated from the length-weight
equation, W=1.766X1075L3.%5 are shown graphi-
cally in figure 10. The use of two scales permits
ready conversion from metric to English units of
weights and measures. The factors needed most
frequently for conversions between standard, fork,
and total lengths are shown in table 30. It was
mentioned (p.252) that intervals of standard length
that contained less than 28 fish were not used in
the determination of the general length-weight
equation. Hence, the points on the curve that
lie below 106 mm. and above 250 mm. are outside
the range to which the curve was actually fitted.
However, the closeness with which the extra-
polated portions of the curve (shown by broken
lines) fit the average actual weights based on few
specimens indicates that, in spite of the discrep-
ancies already mentioned, the curve is for practi-
cal purposes applicable to the length-weight rela-
tion over the entire range represented.

COEFFICIENT OF CONDITION (K)

The condition of fishes and fluctuations in the
values of the coefficient of condition (X) involve
problems that are distinctly different from the
description of the general length-weight relation
(see Hile 1936, for detailed discussion). Condi-
tion, or relative heaviness, is influenced by those
physiological and environmental factors that
affect the general well-being of the individuals.
The present data permit a description of the fluc-

TaBLE 30.—Factors for conversions between standard, fork, and total lengths of Lake Erie yellow perch
[Number of specimens employed to determine values of the factors are shown in parentheses] '

Factors to bé employed for standard lengths of—

Conversion of—

S0mm. and | g1 t 130 mm. |131 to 190 mm, | 101 to 220 mm, | 221 T, and

Standard length to total length (same unit of measurement).____.___.._.__ 1215 .193 1.174 1.165 1.156
: - (87) (112) (548) (1, 267) (513)

Standard length in millimeters to total Iength ininches.. ... ... ____._.__. 0478 . 0470 L0182 - . 0459 . 0455
’ . (87) (112 (848) (1, 287) (513)

Standard length to fork length (same unit of measurement)__._____________{ . ____________ 1.141 1.132 1.125 . 119
R i (0) (5 (285) (591) (131)

Standard length in millimeters to fork length in inehes... .. .| coaooo o .. L0449 . 0446 0443 0441
' . (0) (5) (285) (591) (131)
Total length to standard length (same unit of measurement).._.__._____.__ .823 838 .852 .858 . 865
L o (87) (112) (648) (1,267) (513)

Total length in inches to standard length in millimefers_ ... ____._____. 20. 904 21, 285 . 841 21,793 . 971
[€1)] (112) (648) (1,267) (513)

Total length to fork length (same unit of measurement).... ... | . . ..._.__ . 956 . 084 . 966 . 988
. (O] (5) (285) (591) (131)

Fors length to standard length (same unit of measurement) .. .__ . ______|._.____._._._.__ .876 .883 . 889 894
o i e 0) (5 (285) (591) (131)

Fork length in inches to standard length in millimeters.____.____ . ______ .| ____._...____ 22, 250 22,428 22, 581 22,708
: 0) (5) (235) (591) (131)

Fork length to total length (same unit of measurement) .. _______ . __ . | ..l ____.___ 1.046 1.037 . 085 -033
- ()] ) (285) (591) (131)
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.TOTAL LENGTH IN INCHES
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Fiaure 10.—Relation between length and weight in yellow perch of Lake Erie. Solid portion of the curve represents
length range to which equation W=cL» was fitted; broken lines represent the curve in length ranges not well repre-

sented in the data.

tuations in the coefficient of condition (K) of the
Lake Erie yellow perch according to month of
capture, sex and maturity, state of gonads, age,
length, and type of gear employed. The data
obtained from samples taken in the period 1943-48
will be omitted from this discussion since they
contribute nothing new and would bring about no
important changes in the conclusions.

Dots show averages of empirical data grouped into 5-mm. length intervals.

Monthly and annual fluctuations in the value of K

Among the factors that might be expected to
influence monthly variations in K are food, degree
of activity, and stage of sexual maturity. Spawn-
ing, and the preparatory sexual developmemt,
may be expected to produce the greatest changes
in condition. Description of the monthly and
annual fluctuations in the value of K in the Lake
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Erie yellow perch is based entirely on specimens
taken from impounding nets since, as will be
shown later (p. 258), the type of gear employed
influences the average value of A and gill nets are
particularly selective in this respect.

Sex and stage of maturity were shown by sepa-
rate analyses to have had very little effect on the
value of K except in the spawning périod. The
data in table 31 showing the monthly fluctuations
in condition of Lake Erie yellow perch according
to year of capture therefore, include individuals
for which sex or stage of maturity was not re-
corded. The data from samples obtained during
April 1932, October 1934, and November 1937
are not shown in the table because each of those
years was represented by only 1 month. The
values of K for these 3 months were 2.24 (133 fish),
2.24 (207 fish), and 2.18 (131 fish), respectively.

Annual fluctuations in condition and differ-
ences with respect to the months represented in
the various years’ collections place limitations on
the conclusions to be drawn from the data of table
31. Nevertheless, certain trends can be detected.
It is obvious, for example, that perch tend to be
in better condition in midsummer and late summer
than in June. This is brought out hy the follow-

ing tabulation of the unweighted averages of K -

for corresponding months of 1928 and 1929:

) Awverage K Average K
June_______.______ 1.80 | September.__....__ 1.96
Juby o . 1.97 | October_..._._____ 1. 92
August____________ 1.98 | November_.______. 1. 87

The monthly averages for the 2 years show a
great improvement in condition from June to
dJuly. Condition remained good in August and
September. The average K decreased slightly
in September and underwent a greater decrease
in October and November. The averages in
table 31 show that the October-November decline
~ was much more pronounced in 1929 than in 1928.

The averages for September, October, and
November, 1927, suggest that loss of condition
in the autumn may not be typical for the Lake
Erie perch. In 1927 the value of K increased in
both October-and November. The averages for
the 1930 collection, on the other hand, agreed with
the trend of the 1928-29 averages. In 1930 the
value of K increased markedly in July and re-
mained at a high level in August and September.
The only available comparisons of the averages
of K for November and December (1929) indicate

TaBLE 31.—Monthly values of K (condition) of Lake Erie
yellow perch taken in impounding nets, 1927-30

1929 1930

1927 1928
o | - ’ [ . .~ .
Cou | & O | %, | P | & o ]
Month LB B B PR B Py ,_3 PN
SH| Gz i SH | g5 |2H )| &= | 28 | &3
Ss g 28| ¥e (<88 (28| &
Be 2% | Hz |55 |62 |5z | 88|68
S| e Sgl s S2| B 3815
Z - Z < 4 -t z -
4291 1,78|......|.... .
664f 1.76) 3,122) 1.84
504] 1.81) 1,841] 1.78
132 2.06| 2,747| 1.88
510] 2,04 1,820] 1.92
162| 2,00 451 1.93
4581 1.99( 126] 1.86
- 2641 1.96] 691 1,75
December... .. FRRNPUNY AR PRI [ 417 1.88).
Average, all months___| 1,516 1.94| 3,123| 1,89}11,215; 1,85
Average, excluding
April and May____. 1,516] 1.94| 2,030 1.96| 8,003| 1.80

. responding averages in any other year.

an improvement in condition in the latter month.
Three comparisons are available of condition in
May and June and one of condition in April and
May. However, the possible disturbing effects
of variations in the relative abundance of gravid
and spent fish in the various April and May
collections make it inadvisable to draw con-
clusions concerning monthly changes in condition
from April to May and from May to June.
The grand averages for K in the different
vears’ collections are mnot strictly comparable
because of differences from year to year in the
months répresented. A more reliable estimate
of the annual fluctuations in condition may be
had from comparisons of averages for correspond-
ing months. Comparisons of the averages for
September, October, and November indicate
that condition was slightly better in 1928 than in
1927. The large 1928 advantages in September
and October ovcrshadowed the 1927 advantage
in November. Condition was poorer in 1929 than
in 1928. The K averages were lower in 1929 in
every month except May. The condition of the
Lake Erie perch in 1929 was also probably poorer
than in 1927. The September average was higher
in 1929 than in 1927, but the October and Novem-
ber averages were both higher in 1927. The
best condition of the 4 years occurred in 1930.
With the exception of June which had the same
K averagesin 1928 and 1930, the monthly averages
in 1930 were consistently greater than the cor-
From
the data just discussed it would appear that the
probable order of the 4 years with respect to
condition of the Lake Erie yellow perch from’
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best to poorest condition is: 1930, 1928, 1927, and
1929,

The K averages of 2.24 in April 1932 and
October 1934, and 2.18 in November 1937 (p. 255),
suggest that the condition of the Lake Erie yellow
perch in these 3 years was. excellent—probably
superior to that in 1927, 1928, and 1929.
Fluctuations in value of K with stage of maturity

Great differences in value of K associated with
stage of maturity were found in the comparison
of the gravid and spent females taken in May.
(Unfortunately, gravid and spent males were not
recorded separately in the field records.) The
detailed information on the loss of weight by
the females at spawning is presented in table 32
where the data have been arranged to show the
average weight in grams and the average K before
and after spawning for each 5-mm. standard-
length interval.” For both gravid and spent
females the changes of K with increase in length
appeared to be random rather than to exhibit a
progressive increase or decrease. Consequently,
there was no obvious relation between the per-
centage loss of weight and the length of the speci-
mens. The loss of weight varied from 3.4 to
24.6 percent. The average of the percentages
. computed from the best-represented intervals,
those in which both gravid and spent fish were
represented by seven or more specimens, showed
a weight loss of 16.1 percent at spawning. A
slightly lower estimated loss of weight (15.5 per-
cent) was obtained from the weighted-average
coefficient of condition. '
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Fluctuations in value of K with aée

Data for the study of the variations of K with
age are given in table 33. To avoid the distorting
effects of monthly and annual variations in con-
dition, averages are given for each month’s col-
lection of each year. Since sex and stage of matu-
rity have little influence on the value of K in the
summer and autumn, the data include all the fish
whose ages were determined. The data of table
33 do not point toward any dependence of condi-
tion on age. It is true that in 7 of 10 comparisons
fish of age group II had lower average coefficients
of condition than those of age group I. This
difference can.be explained, however, as the result
of gear selectivity. Since the group-I fish were
near the smallest size that could be retained by
the impounding nets it is readily conceivable that
only the heavier individuals of that age group
were retained. There is less indication that gear
selectivity affected the A values of age groups II
and IIT although numbers of the group-Il yellow
perch were below the theoretical maximum length
of escape (170 mm.). Gear selection possibly
may account for the fact that group II had the
larger average Kin 9 of 10 comparisons for months
earlier than October (see p. 221). In the later
months, after group II has practically completed
the third season of growth, age group III had the
higher K values in all 7 comparisons (Qctober,
November, and December). Comparisons of age
groups III and IV reveal that the former had the
higher average K 6 times whereas the latter had
the higher. value 2 times. The two age groups

TaBLE 32.—Comparison of average weights and condition (K) of gravid and spent female yellow perch taken by impounding
nets in Lake Erie, May 1929

[Number of specimens in parentheses]

A total Gravid females Spent females ¢ welgh

K . verage to Loss of weight
Standard-length interval length i . at spawning

Average weight K Average weight K
Inches Grams Percent

166 to 170 mm.__ . 7.8 89 Ea) 1.89 86 (10) 1.82 3.4
171to 175 mm... 8.0 122 3) 2.36 92 (20) 1.78 24.8
176 to 180 am__... - 8.2 115 (10) 2.05 99 (24) 1.75 13.9
18140185 mm. . ool 8.5 128 (29) 2,08 100 (52) L7 14.8
18610190 mm. .. oo - [ 8.7 138 (58) 2.08 118 (75) 1.78 14.5
191 to 195 mm. . - 89 148 282) 2.06 125 (101) 1.74 15.5
1968 to 200 mm. 9.1 161 (90) 2.08 135 (107) 1.74 16.2
201 to 205 mm. 9.3 172 (100) 2.05 47 ?92 1,76 14.5
206 to 210 mm._ 9.5 186 (9 2,06 157 (77) 1.75 15.6
211 to 215 mm. -- 9.8 200 %40) 2,07 167 (48) .73 16.5
216t0 220 mm... - e mmmmm 10.0 21 (42) 2.04 175 (39) 1.69 17.1
221 to 226 mm._ - —-- P oo * 10,2 232 (25 2.09 181 (7 1.63 22.0
226 to 230 mm. 10.4 246 (14) 2.08 214 (5) 1.81 13.0
2B to 23 MM, e 10,6 261 26 2,06 232 (3) 1,83 11.1
23610 240 MM e 10.8 |. 201 1) 2,16 20 (1) L7l 20,7
Weighted average K. . i emcacm e caceaaaa 2,07 (596) -cccrommccamcaee 1,75 (664) |- wmrenee e
Average loss in welght 1. ____ e |emec e cm e f e o e et mm e cm e m e | e s mm e e e oL 16.1

1 Unweighted mean, based on those length intervals in which both gravid and spent fish are represented by at least 7 individuals.
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had the same values in November 1927. Only
three comparisons were available between age
groups IV and V, and in each the older age group
had the lower K. In general, fluctuations of K
with age may be considered random among all
age groups in which gear selectivity is absent or
unimportant, although there was a tendency for
a progressive decrease with age during the period
April to September. . It may be justified to con-
clude, however, that generally condition is inde-
pendent of age in the Lake Erie yellow perch.
No computation was made of average values of K
for all data combined since the combined effects
of monthly variations and of variations in the
numbers of specimens would cause these averages
to be of little significance.

TABLE 33.—Coeg’§cient of condition (K) of Lake Erie yellow

perch according to age, month, and year of capture

[Number of specimens in parentheses]

Age group

Month and year
T 1I III v A%

2,35 (2)] 2.26 (98)

2.05 (107)| 1.85 (21) )
2.00 (13} 1.90 (131)| 182 (16)} 1.72 (1)
2.51 (128)] 2.16 (40)| 2.13 (4){--coeo-

2,07 (393)
)| 191 (29)
232 (23)

2.00 (148
2,16 (293)
241 (@)

1.89 (61)
1.96 (61)

13

W g
RRE ERR

HREPE P pRE PER
&8

2.01 (161)] 1.92 (129)] 2.08
199  (1)f 1,99 (123) 2.02.
1.87 (28)] 1.70 (170}| 1.4
2.30 (62)| 2.07 (66)] 2.15
193 (42)| 1.91 (138)( 1.94

257

The range of fluctuation of K for the age groups
of Lake Erie yellow perch extended from 1.72 to
2.61. The individual yellow perch were found to
have values of K ranging from 1.13 to 3.23, with
the average 1.91. Comparisons of these values of
K with those found in other waters of the Great
Lakes reveal that the yellow perch of Lake Erie
were a little heavier than the ones in Saginaw Bay
(Hile and Jobes 1941), about equal to those in
Green Bay, and somewhat more slender than the
yellow perch in northwestern Lake Michigan (Hile
and Jobes 1942).

Influence of rate of growth on value of K

The possibility that the values of K of the age
groups were influenced by varying proportions of

~ faster or slower growing individuals has been in-

vestigated. Table 34 permits comparisons of K
for yellow perch of the same length but of different
ages and for fish of different lengths but of the
same age. All comparisons have been limited to
fish collected in the same year and month. The
data have been limited further to the 1927 and
1929 collections from trap nets since those collec-
tions had the most suitable distribution of the age
groups, that is, contained adequate samples from
more than one age group. It may be seen that
there were no consistent differences between the
values of K for fish of the same length but different
age. In other words, neither the older (slow
growing) nor the younger (rapid growing) yellow
perch maintained a consistent advantage. This
indication that individual growth rate did not
influence individual condition is supported by the
fact that the longer (more rapid growing) indi-

TasLe 3¢.—Comparison of condilion (K) in Lake Erie yellow perch at different ages and lengths taken by trap nels

[Number of specimens in parentheses]

Value of K in—
Standard-length interval Ave]l;::]ggetﬁotal October 1927 ' November 1927 November 1920 December 1929
I II II II II1 II III
Inches :
121t0130 mm.___ .- L N 1.67 (1) 1. ?l) 3. T ¢ § ] P SN S S
131to140mm... .. . - 6.3 L7l E‘l) ______________ 1 ()] PSRRI RV RRPRt (SRR JPSEVE SRS E) (RO,
141 tol50mm.... .- ..o 6.7 .79 (N L7271 (3 2.02 (27) 2.03 (5) 1.83 } 193 (e
151 t0 140 mm____._ 7.2 1.95 (1) 1.96 (3) 1.99 (31) 1.95 (9 1.81 1.85 (14)|- oo
161 to 170 mm..._. 7.6 1. 87 (25) 1,91 (12 2.01 (59) 1.97 (16} 1.70 (19) 1.73 (1) 1.86 (21) 2.02 (1)
171 to 180 mm. 81 1.87 (16) 1.82 510) 1.96 (34) 2,00 (38) 1. 76 (23) 170 (1) 1.87 (30) 1.87 (11)
181 to 190 mm. 8.6 1.80 (5) 1.88 (14) 1. (2) 1,99 (33) L.76 (42) 1.72 (13) 1.88 (20) 1.83 (14)
191 to 200 mm. .- 9.0 focm et 1.81 (11) L94 (1) 2.04 (17) 1.75 (43) 1.73 (34) 1,81 (18) 1.86 (21)
20Lto 210 mm... e 0.4 | s 1.85 (B)|ccamcmcocccaan 2,01 (R) 1.73 (24) 1.78 (52) 1.85 (19) 1. 88 (25)
Alto220mm.._oomemeaan 9.9 | e L8l ()|eaocceo . 2.02 (4 1.81 (8) 1.78 (48) 1.85 (7) 1. 93 (23)
221 to 230 mm_ 10.3 1. 83 (363 1.76 (1) 1.93 (15)
231 to 240 mm. 10.7 |- 1.87 (18} 2,01 .(5)
241 10 250 mm._ - J1L2 1,98 (L0 |-t e
2Blto2060mm.. . oeaanae 11.6 1. [¢:7] S
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viduals of an age group did not differ in condition
from the shorter, slower-growing fish of the same
group.

The conclusion concerning the independence of
growth rate and condition disagrees with Van
Oosten’s (1937) observation that the slower-grow-
ing individuals of the Lalke Superior longjaw
(Leucichthys zenithicus) were in the better condi-
tion. The same .author (Van Oosten 1938)
found, however, that growth rate and condition
were not correlated in the Lake Erie sheepshead
(Aplodinotus grunniens).

Effect of type of gear on determining value of K

The study of condition in the preceding sections
was confined entirely to data from -collections
taken by trap and pound nets. Gill-net samples
were excluded because of the effect of the selective
action of that gear on the determination of K.
The extent to which gill-net selection affects the
determination of the value of the coefficient of
condition may be seen from the data of table 35
which show the average K for each centimeter-
" length interval of the Lake Erie yellow perch
taken from trap and gill nets in the same month
and calendar year. Only five series were available
for comparisons. The consistency with which the
value of K was greater for fish caught in gill nets
than in frap nets each month leaves little doubt
that gill nets capture relatively heavier yellow
perch than do impounding nets. In no single
month did yellow perch taken in trap nets have
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average coefficients of condition as great as those
of fish taken in gill nets. : '

The unweighted averages given in the two
columns at the extreme right of table 35 give
further information on the general influence of the
type of net on the value of K. These averages
were computed only for those lengths that were
represented in the samples in all the months for
which comparisons are given. An examination
reveals that fish taken in gill nets had consistently
higher average values of K. The averages also
reveal a difference between gill- and trap-net
samples with respect to the variation of K with
length. Except for the relatively high figures at
141 to 150 mm. and 161 to 170 mm., the values of
K tended to be constant at all lengths in the trap-
net samples. The cause of the high values of K in
these shorter fish taken in impounding nets has
been discussed previously (p. 256). The nearly
constant value of K over the interval 171 to 220
mm. is probably desecriptive of true condition in
the population. In the gill-net samples, on the
contrary, K decreased consistently with each
increase in length over the entire interval of 171 to
240 mm. In other words, the gill nets selected
the heavier short fish and the slenderer long fish.
At lengths below 171 mm. the captures of perch
by gill nets were probably in large measure
“accidents,” that is, the fish were tangled in the
meshes by their fins or the marginal bones of the
mouth. The selective action of gill -nets with

TaBLE 35.—Effect of type of gear on delerminalion of the coefficient of condition (K) in Lake Erie yellow perch
’ [Number of specimens in parentheses]

. September 1927 October 1927 July 1928 August 1928 November 1928 Average I-K'
Standard-length A:oetr:lge

interval length . . . . Trap) Gill

Trap nets | Qill nets [ Trap nets| Qill nets [ Trap nets | Gill nets | Trap nets | Gill nets | Trap nets | Gill nets nets | nets
Inche:

"oltol00mm_.___ 4.5 2.23
101 to 110 mm. ___ 5.0 .
111 to 120 mm.____ 5.4 |-- JEESSRREEY VSV o PV 3
121 to 130 mm.____ 549 1. Lue G LGT (] 231 (D) eemoooe oo 3
131 to 140 mm.____ 63119 (2 1.9 (517 (16)} 1.9 2.70 . ) 1.90
141 to 150 mm____ 6.7 L7 (1|18 () 187 (38195 (2)]2.36 (5230 (®)}2.11 (12} 2.08 (| 197 (| 197 @201 203
151 to 180 mm ____ 7.2 L8 (1| 1.97 (7)) 1.95 (67| 1.98 (1) 2.22 (18)] 2.14 (13)] 2.10 (65)] 204 (3)|---coooee-- .79 (1)
161 to 170 mm ____ 7.6 | L7686 (7)] 1.80 (1)] 1.93 (98)] 2.00 (3)| 2.14 (25)| 218 (24} 2.04 (123)| 2.19 (2| 2.12 ()] 2.12 (1){ 200 | 2.05
171 to 180 mm._ ... 8.1 L8 (19 264 (1) 1.61 (115} 2.02 (2] 1.98 (33)| 211 (32)] 2.01 (148;)| 2.19 (70)] 2.00 (17)]| .94 (5)]1.96 | 2.18
181 to 190 mm . __ 3.6 | 1.82 i23)| 2,16 (6] 1,90 (13} 2,16 (2| 2.06 (32){ 2.18 (51)( 2.03 (99)| 2.18 (209)} 1.99 (35)| 2.10 (11)| 1.93 | 2.1
191 to 200 mm. ... 9.0 1.93 (22)] 2.05 (39 1.90 (153} 2.02 (11)] 1.80 (10)] 2.17 (74)]| 2.00 (42)] 2.14 (499)| 1.93 (43)] 2.00 (52)| 1.94 | 2.09
201 to 210 mm.__ ... 9.4 | 1.S8 (21)] 2.05 (1651| L.91 (1401 2,08 (29| 1.50 (4) 2.06 (78)| .97 ()} 2.08 (468)( 1.96 (27 2.05 (116)( 1.04 | 2.08
211 to 220 mm____ 9.9 1.8 (13)] 2.00 ¢yl Lud (71| Loy (51)| 1.94 (2)] 2.02 (49| 2.01 (3)| 2.01 (212)]| 1.96 (15)| 1.95 (101)| 1.95 | 1.99
21 t0 230 mm__ 10,3 | 1.87 (12)| 1.99 (99)| 1.04 (49)| 1.96 (32) 1.1 (24)| 211  (2)] 1.96 (43)| 1.89 (2)| 1.91 (59)| .- 1.95
21 to 240 mm__ .. 10.7 | L.92 (3)| 1.91 (20)| 1,92 (4)| 1.83 (H) 1.8 (9)] 1.68 (1| 191 (D] 225 (1) 1.8 10} .- 1
241 t0 250 mm . _. 11.211.73 (D] 1.8 (6)| .90 (5)| 1.90 . (4) 1.68 (3)
251 to 260 mm__ . _ 1% 8 O PR P L9 (2 |oeeromee- 1.94
261 to 270 mm__.. ) b2 [ RIS RRUOUpR PRSPPI PRV FRYRR R P
271 to 280 mm ___. ) 32 2 (PR PAPSARSSRisn F . | IR0 R RO (R ——
Average?. . _|ocemooooo 1.87 (125)] 2.01 (625)] 1.91 (804)| 1.89 (145)} 2,06 (129)| 2.10 (369)| 2.04 (510)| 2.10(1,542)| 1.98 (144)( 2.00 (358)( 1.96 | 2.04

1 Unweighted mean, computed only for length intervals that were represented in all samples.

2 Unweighted mean.
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respect to condition would not be expected to
operate on these accidental captures. The selec-
tion by gill nets of yellow perch according to the
condition of the fish is similar to the action of drift
(gill) nets on marine herring (Farran 1936) and
supports the previous conclusion of a like action
among the smaller perch by impounding nets.
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From the preceding discussion it appears not
only that gill nets tend to take relatively heavier
vellow perch in Lake Erie than trap nets but that

_in gill-net samples K decreased with increases in

length, The resulting distortion of the data
justifies the exclusion of gill-net material from the
study of condition.

SIZE AT MATURITY

A knowledge of size at sexual maturity has its
practical application in the determination of the
minimum legal size that may be needed to protect
an adequate spawning stock. Data on the rela-
tion between total length and the percentage of
maturity of the yellow perch taken in 1927-37 are
given for the sexcs separately and combined in
table 36. The males matured at a much smaller
size than the females: 47.4 percent of the males
were mature or maturing .at 6 to 6.5 inches and
48.4 percent of the females were mature or matur-
ing at 8 to 8.5 inches. Any minimum legal size for
the Lake Erie yellow perch, therefore, must be
based on the maturity of females.

The shortest %-inch total-length interval that
contained a large percentage of mature females
was 8 to 8.5 inches. At that length 48.4 percent
were mature. At lengths of 8.5 to 9 inches 86.1
percent were mature, and at 9 to 9.5 inches 97 per-
cent were mature. All females 9.5 inches and
longer were mature. These data show that 86.1
percent of the females were mature in the shortest
%-inch total-length interval (8.5 to 9) available to
the commercial fishery operating under the 8}%-inch
minimum legal size now effective in the Michigan
and Ohio waters of Lake Erie (no size limit on
yellow perch in*Pennsylvania and New York

waters). The samples collected in 194748 showed
an even greater proportion of mature female yellow
perch since 51 of 53 individuals (96.2 percent) in
the 8.5- to- 9-inch interval were mature.

On the basis of the data in table 36 it is ap-
parent that the great majority of female yellow
perch in Lake FErie mature at total lengths
between 8 and 9 inches. Reference to table 19
reveals that most of the fish with these lengths
belonged to age group II (174 mm. standard
length is equivalent to S inches total length, and
196 mm. equals 9 inches). It thereby becomes
apparent that the majority of the female yellow
perch reach maturity in Lake Erie during their
third year of life and spawn for the first time early
in their fourth year (as age-group-III fish). The
average calculated length of the females at the
end of the third year of life was 8.6 inches
(table 7).

Although the data in tables 36 and 19 are from
fish taken late in the fall one would expect little,
Jdf any, growth in winter or until spawning time
in the spring. The percentages of maturity at
the different sizes determined from fall samples,
therefore, may be applied reasonably well to the
spawning-season population. The small sample

TaABLE 36.—Relation belween length of Lake Erie yellow perch and proportion of mature individuals, 192737

Sexes combined

Female Male

Number| *;
mature

Number| Percent-
imma- age
ture mature

Number| Percent-
imma- age
ture | mature

Number| Percent- Number

mature

Number

mma- age mature

ture | mature

: s Standard-length

Total-lengthinterval 1| Fork-length interval ! interval

Less than 6.0 mchea -| Less than 5.7 inches_...| Less than 137 mm..___
A.0 to 6.5 inches... 5.7 to8.31 127fo M0 mm.___.._._
6.5 tn 7.0 inches.. .| 6.3 t0 8.7 _-| 141 to 149 mm.._

7.0 to 7.5 inches... 6.7 to 7.2 .| 150 to 161 mm._

7.5 to 8.0 inches .| 7.2to 7.7 162¢0 172 mm._.__._..
8.0 to 8.5 inches .| 7.7t0 8.2 173to 183 mm..______..
8.5 to 9.0 inches .| 8.2 to 8.7 184 to 195 mm.__.._....
9.0 to 9.5 inches 8.7 tn 0.2 106 to 206 mm.___..___
9.5 to 10.0 inches..___. 9.2 to 9.7 e W7 to 218 MM
10.0 inches and over. .| 9.7 inches and over....| 219 mm. and over. ...

38 0 0 15 0 0 23 0
17 37.0 1 7 12.5 9 10 47.4
50 34. 2 0 31 0 26 19 57.8
154 4.7 7 95 6.9 75 59 56.0
189 33.3 30 131 18.6 186 a8 6.2
137 79.2 103 110 18.4 418 7 93.9
64 93. 4 348 &6 86. 1 553 8 08.6
15 08.0 423 13 97.0 314 2 99. 4
0 100.0 290 0 100.0 136 0 100.0
0 100.0 190 0 100.0 46 0 100.0

1 Fish includerd within each total-length and fork-length interval had lengths aqual to the lowest and up tn, but not mcludmg the greatest length of the

interval.



260

obtained during the breeding season suggests that
spawning in itself may protect immature females
since only 3 of 27 females (11.1 percent) in the

SEX

The number of specimens, the sex ratio ex-
pressed as the percentage of males in- the total for
the daily collections, and the ratios for the com-
bined collections of each month are shown in table
37 for samples containing 50 or more fish. All
samples were obtained from commercial impound-
ing nets. The sex ratio of the individual samples
fluctuated rather widely within each month except
August, September, and December, 1929, and
April 1932. This wide fluctuation points to a
segregation of the sexes throughout much of the
year. A segregation may occur, however, in a
month in which the sex ratio is not highly variable
(as the predominance of males in April 1932).

The wide daily variation in the relative abun-
dance of females and males in the samples makes
it difficult to determine a truly reliable sex ratio
for the perch of Lake Erie. The data in table 37
suggest that a large number of relatively small
samples, preferably distributed throughout the
season, will permit a more accurate estimate of the
relative abundance of the scxes than may be
obtained from a few large samples. Table 37
reveals that the average ratio for all samples com-
bined, except those taken in April, was 96 females
to 100 males (50.9 percent). The April samples
were omitted from the computation because the.
sex ratio obviously was distorted by the presence
of disproportionately large numbers of males.

The April (1928 and 1932) collections were con-
sistent in the strong preponderance of males.
The males predominated also in both samples ob-
tained late in May 1929. On the other hand, the
femalés were relatively more abundant in the
samples obtained May 9 and 10, 1929. One
sample collected during June 1929 indicated that
the sexes were segregated, whereas the other
showed no marked preponderance of either sex.
The data obtained during July 1929 showed an
increasing proportion of males as the month ad-
vanced. The males were somewhat more abun-
dant than the females in each sample taken during
August, but on no date, with the possible excep-
tion of August 6, were they strongly predominant.
No strong dominance of either sex was evident in
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entire sample were immature. The largest of the
immature females in this sample was 8% inches
total Iength.

RATIO

the material taken in September. The single
October collection contained nearly 70 percent
males. Only two of seven samples taken during
November (November 26, 1929, and November 7,
1937) showed sufficiently disproportionate repre-
sentation of the sexes to be interpreted as indic-
ative of segregation. There was little evidence
of segregation on the two dates in December. In
general, then, it appears that the sexes were segre-
gated during April and May, and probably to
some extent during part of June, July, August,
October, and November. There is no evidence of
any distinct segregation during September and
December; however, only two samples were taken
in each of these months.

TaBLE 37..—Perceniage of males in the daily samples of
Lake Erie yellow perch

Num- Num-
Percent- Percent-
- Date ?ggc‘;_t age of Date gﬁ:c‘;f age of
mens males mens males
: 1929:
1028: Apr,30.... a4 95.7 Nov.2_ .. __. 72 1.4
1929: Nov.12____. 251 47.0
110 30.9 Nov.16___.. 114 57.9
147 26.5° Nov.22.___. sl 5.9
238 74.6 Nov.28..__. 86 72.1
132 69,7 T
Novem-
her, all
617 54.3 samples. 574 | 54.2
533 37.1 Dec. 4. 136 5.1
90 5.4 Der. Tooeoa 171 57.3
June, all Decem-
samples. 653 39.5 ber, all
samples._| 307 5h. 4
July ... 02 30.7
July6___ ... (1] 36.9 |} 1932:

v 13 -.s 447 48,1 Apr. 11 ... 70 75.7
July 20_._.-_ 114 60. 5 Aprf13.___. 63 8.1
July 30..-... 63 64.7

April, all
July, all samples. 133 .7
samples. 896 46.3
1937:
252 fl.1 Nov.3._.._. 85 47.7
87 56,3 Nov.7-..._-- 66 A8. 2
52.3
178 55.6 Novem-
133 52.6 her, all
samples. 131 5.0
Grand
736 56.7 total,
April
Sept.3_..._. 216 47.2 ex-
Sept. 23...__ 114 '55.3 cluded.| 4,313 50.9
Septem-

ber, all

samples. 330 50.0
Oct, 26 .. 69 69.6
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The reasons for the apparent segregation of the
sexes of the Lake Erie yellow perch are largely un-
known. The segregation during April and May
perhaps was due to the spawning-season habits of
the species. A segregation associated with sex
differences in feeding habits during the summer
months, such as was found by Eschmeyer (1938),
may occur. Materials for study of.the food of
the Lake Erie perch were not available. Another
possible factor in the fluctuating sex ratios during
the summer is age. The females tend to increase
in relative abundance with advancing age; con-
sequently, variation in the age composition of the
samples would contribute to an apparent segrega-
tion of the sexes. However, this explanation can
account for only part of the variation in the sex
ratio since the ratios varied widely in samples of
fish of the same age but taken on different days of
the same month (table 38). '

Age determinations of certain of the above
materials permit the examination of the relation
between the proportional representation of the
sexes and age. Table 38 shows the sex ratio of
Lake Erie yellow perch in a number of samples,
expressed as the percentage of males in the total,
by age group. Because of the daily fluctuations

TaBLE 38.—Percentage of male Lake Erie yellow perch by
age groups, according to date of capture

[Total number of specimens fn parentheses]

Age group
Date
I 11 TIL v v
___________ 3R.5012) 26.7(131)) 12.5(16)} 0(1)
o(1) 33| AT o=
83.3(18) 40.4(83)| 43.8(121)1 33.3(27)| 02
80.0(5) 55.8(5) &7, 4(54) 68, 7(8) | oo .
80.0(5) 74. 3(35) A7.4(43)| 100,003)| .-
November, all .
samples. ... 82, 1(28)| 56.5(170)| 51.8(21%) 42.4(33)| 0(2)
Dec.doeeee o 23.3(6) 52, T(55) 56. 1(66) EEAETL) )
Dee. 7o 69. 4(36) 51. 8(83) 59. 2(49) 66.7(3) |-
December, all
samples...._... 7L 4(42)( 52.2(13%)| 56.5(115) 50.0(12)|. ...
1932: .
Apr. 1l |eeeaa.- 100.0(2)] 83.3(48)| 55.0(20)|__._._
Apro 13 . .. - 83.0(50){ 69.2(13)[._....
April, allsamples.| ... ... 100.0(2)|  S5.7(88)| 60.6(33)|._____
1937;
Nov. 3.t 71.4(28)  31.4(35) (1161 ) PR
NOV T 73.5(38) 6L3(31)[ 1000 |- _...ocoofeoao--
November, all
samples. ... 72.6(62)| 45. 5(66) 33.3(8) e o
Grand total, ’
April ex-
cluded.._____ 73.7(133)| 52.0(396) 4S.u(571)| 36.1(B1)! O

in sex ratio the data have been presented for daily
catches as well as by the month and for all months
combined. In spite of certain exceptions, it may
be said that there was a progressive decrease in
the proportion of males as the age increased. It
is apparent that either the relative abundance of
males in the stock was progressively less with each
yearly increase in. age, or that the females were
progressively more available to the fishery.

Sex differences in the age of entry into the
fishery can produce an “apparent’’ change in the
sex ratio with increase in age. The earlier attain-

_ment of maturity by the males, together with their

apparent tendency to remain on the spawning
grounds longer than the females, doubtless ac-
counted for the great preponderance of males in
age groups I and IT and their abundance in age
group IIT of the spawning-run (April 1932) collec-
tion. Consequently, the decrease iIn relative
abundance of males with increase in age in that
collection cannot be accepted as descriptive of the
general population. . Significance must be as-
cribed, however, to the fact that a similar, if less
pronounced, change in the sex ratio occwrred in the
collections of other months -when there is no
reason to believe that a segregation on the basis
of maturity existed. In a majority of the samples
taken in months other than April the males ex-
hibited a tendency to decrease in relative abun-
dance with increase in age. It may be concluded
that this tendency of the males is a real and not
an apparent characteristic of the Lake Erie
yellow perch.

The acceptance of a shifting sex ratio with age
as characteristic of the Lake Erie yellow perch
population carried with it the assumption of a
differential mortality of the sexes. This differ-
ence in death rate may have its origin in a selective
destruction in the fishery or it may depend on sex
differences in the natural mortality rate.

It would appear that a differential destruction
of the sexes by the fishery is the most plausible
explanation of the changes in sex ratio with age
of the Lake Erie yellow perch. The males
mature at a younger age, and consequently, are
taken by the nets during the spawning season
earlier in life than are the females. Furthermore,
the apparent tendency for the males to arrive
earlier and stay longer than the females on the
spawning grounds increases the chances of capture
for any particular male, and presumably ‘would
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result in effect In a more intensive fishery for that
sex. The monthly records of the Ohio Division
of Conservation for the years 1930, 1951, 1939,
and 1940 ** reveal that during those years the
spawning-season fishery (April and May) produced
28.3 percent of the perch caught during the entire
year in Ohio waters. Fishing intensity during the
spawning season, when the males predominate in
the catches, is therefore sufficiently great to ac-
count for an important differential destruction of
the sexes. The apparent preponderance of fe-
males during early May would reduce, but prob-
ably not eliminate, the effect of the spawning-
season fishery on the changes in the sex ratio. It
seems impossible to escape the conclusion that the
changes in sex ratio with age of the Lake Erie
yellow perch were caused in large measure by ‘a
differential destruction by the fishery chiefly dur-
ing the spawning season.

It should be mentioned that the minimum legal
size operates to reduce the effect of the differential
destruction of the males in the spawning-run
fishery. Large numbers of mature but ilegal-
sized males on the grounds are captured but
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returned to the lake. However, it is known that
about 14 percent of the illegal-sized yellow perch
are destroyed, or seriously injured, when the nets
are lifted. It is not improbable that the total
destruction' of illegal-sized males during a spawn-
ing season is considerable, in spite of the fact that
none enters the commercial catch.

Other factors that might have had an influence
on the changes in sex ratio with age will be men-
tioned briefly. Geiser (1923, 1924a, 1924b) con-
cluded that the females (of fishes, as of many other
animals) are inherently more wviable than the
males under adverse conditions. Hile (1936)
stated that a differential natural mortality was
the most probable cause of the changes in sex ratio
of the cisco, Leucichthys artedi, with age. There
is no fishery for the cisco in'the Wisconsin lakes
whose populations he studied. Hile pointed out
further that there was no basis for any assumption
of a differential destruction of the sexes by preda-
tory forms. Any possible effect of a differential
natural mortality of the sexes would be obscured
in the Lake Erie yellow perch because of the
differential destruction by the fishery.

SUMMARY

1. The annual production of yellow perch from
the United States waters of Lake Erie fluctuated
about an average of 3 million pounds in the early
(1885-99) period of the fishery. The average
declined to about 2 million pounds in 1900-1927,
increased to over 7% million pounds in 1928-35, and
fell to about 2% million pounds in 1936-47. There

was a definite tendency for the variability in

annual production to increase in each succeeding
period except the most recent one (1936-47).
The trend in average annual production from the
Ontario waters was similar to that in United States
waters only in the last two periods, 1928-35 and
1926—47. The factors of fishing intensity (in-
creases in the number of nets, and improvements
in nets, boats, and methods of lifting gear), changes
in fishery laws and the administration of the laws,
and abundance were considered in svaluating both
the long- and short-period trsiids in the annual
production of Lake Erie yyzilbw perch.

2. In this study, age ddterminations and growth
calculations were msde from examination and
measurement of thé scales of 4,377 yellow perch

18 These four years are the only ones close to the period during which sex
data were obtained for which monthly records of catch are available.

T

taken by trap nets from Lake Erie. In addition,
ages were determined of 576 specimens employed
in a special study of the relation between body
length and scale length, and of 1,566 fish taken by
gill nets. Analysis of the length-weight relation
was based on 23,158 specimens, and the length
frequencies were compiled from the measurements
of 59,779 individuals. The materials were col-
lected during the years 1927 to 1930, and in 1932,
1934, 1937, and 1943 to 1948. Data from the
different sections of the lake were combined after
preliminary examinations revealed the combina-
tion justifiable.

3. Validity of the use of annuli on the scales of
the yellow perch as year marks was established
for the first time on the basis of the following
observations: (a) The 1927, 1928, and 1929 col-
lections were dominated by the same year class
that was representéd by larger and, according to
scale readings, older fish in each succeeding year;
(b) the annulus was on the margin of the scale in
the early season but was progressively farther
from the margin in mid-July, September, and
December; (c) the lengths calculated from scale
measurements for different vears of life agreed
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rather closely with the empirical lengths of fish
shown by scale readings to have completed the
same number of years of life, and lengths calcu-
lated for the same year of life agreed more closely
with each other than with lengths computed for
any other year regardless of the age of the fish
employed in the calculations.

4. The more important criteria employed to
determine the presence of an annulus were the
discontinuity between successive growth fields
which resulted in well-defined “cutting over” of
the circuli, particularly in the lateral region of the
scale, and. the fragmented, irregular appearance
of the last circulus laid down in each growing sea-
son. False annuli occurred but it is believed they
usually could be detected by the lack of cutting

over, their generally indefinite appearance, and

their position with respect to true annuli. About
5 percent of the scales were discarded as unfit for
age determinations.

5. Annulus formation may be completed as
late as July 1 in some years. In spite of the ap-
parent coincidence of spawning and the completion
of the annulus in some years, the annulus cannot
be considered as a spawning mark since immature
individuals form annuli identical in appearance
with those formed by mature fish, and the charac-
teristics of a typical spawning mark as found on
the scales of other fish are absent from yellow
perch scales.

6. Detailed data are provided on the relation
between body length and scale length of the
American yellow perch.

7. The Dahl-Lea method of calculating lengths
by direct proportion was applicable to the yellow
perch when the calculated standard lengths were
96 mm. (4.5 inches total length) or greater. When
these lengths were less than 4.5 inches they were
‘corrected by use of a table containing the corrected
length corresponding to each length computed
by direct proportion. These corrected calculated
lengths, derived from an empirical curve of the
body-scale relation, were always greater than the
uncorrected lengths.
puted lengths failed, however, to eliminate the
discrepancies between corresponding lengths cal-
culated for different age groups.

8. Discrepancies occurred between correspond-
ing calculated lengths in all years of life. The
computed lengths for any one year of life decreased
progressively as the fish for which the computa-

Correction "of the com- .

tions were made became older. Discrepancies in
first-year calculated lengths were small among
age groups older than group I.

9. The discrepancies in calculated lengths were
shown to represent real rather than “apparent”
differences in growth since large errors could not
result from the method of calculation.

"10. It was concluded that the selective action of
gear, selection according to maturity at the time
of the spawning run, and selection according to
legal-size limit, all of which doubtless produced a
selective destruction of the more rapidly growing
individuals in the fishery, were the chief causes
of the discrepancies in the calculated growth of

. the Lake Erie yellow perch, but that a differential

natural mortality, correlated with rate of growth,
was a possible supplementary factor. The presence
of discrepancies between corresponding calculated
lengths of different age groups of the same year
class proved that annual fluctuations in growth
rate were not an important source of the dis-
crepancies in calculated lengths

11. The females grew in length a little more
rapidly than the males during the first year of
life, at the same rate in the second year, and
more rapidly in all later years.

12, The annual increments of growth in length
decreased progressively with age in both sexes.

13. Growth compensation occurred in the Lake
Erie yellow perch, but usually did not appear
before the third year of life. The difference in
average length between the largest and smallest
yearlings was maintained or increased in the
second year.

14. It was estimated that the proportions of
growth completed at the end of the different
months of the 1928 and 1929 seasons were 15 per-
cent for June, 50 percent for July, SO percent for
August, and 100 percent for September. How-
ever, growth continued through October in 1927.

15, Significant correlations could not be demon-
strated between annual fluctuations in growth
rate and precipitation, percentage of possible sun-
shine, and mean wind velocity. Significant posi-
tive correlations were determined, however, be-
tween growth and mean air temperatures for the
following combinations of months: May, July,
and September; May and September; July and
September. Mean air temperatures in August
exhibited significant negative correlation with
annual fluctuations in growth rate.
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16. The yellow perch of Lake Erie grew more
rapidly than did most of the perch of other waters
with which comparisons were made.

17. Scales of Lake Erie yellow perch used by
Harkness (1922) were compared with those in the
present study, and the annual increments of
calculated length indicated no pronounced change
in the growth rate of 1927 from that of 1920.

18. Length frequencies of the impounding-net
collections had a unimodal distribution each year,
but gill-net collections showed both unimodal and
bimodal distributions.

19. The position of the mode in the length fre-.

quencies fluctuated from year to year, and was
influenced to a considerable extent by the average
length of the dominant age group. The modal
frequency fluctuated over a wider range in the im-
pounding-net collections than in the gilled fish
from gill nets because of the greater selectivity
of the latter gear.

20. The coefficient of condition K of individual
Lake Erie yellow perch ranged from 1.13 to 3.23,
and averaged 1.91. The state of the gonads
affected the coefficient of condition of the females
during the spawning season, at which time they
lost approximately 16 percent of their prespawning
weight. There are no data on the loss of weight of
males at spawning. At other periods condition
was not related to sex or state of maturity.

21. The coefficient of condition increased sharply
from June to July and remained at a high level in
August and September. In two of three years
condition declined in the autumn, but in the third
year it improved.

22. Weight of the Lake Erie yellow pelch in-
creased at a rate slightly greater than the cube of
the length. Over the interval of length to which
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the equation was fitted the empirical and calcu-
lated weights agreed closely.

23. The year class of 1926 was unusually strong
and dominated the impounding-net catches of
1927, 1928, and 1929. There is evidence from the
samples of legal-sized yellow perch that the 1942
year class also was one of exceptional strength.
The year classes of 1936 and 1944 are believed to
have been of more than ordinary size.

24. No relation between strength of year classes
and meteorologic conditions could be demon-
strated.

25. The commercial catch (legal size) of both
impounding and gill nets was dominated by age
group I1Tin the spring and early summer. Domi-
nance by group-II fish was characteristic of the
late-season catches of both typces of gear, although
there are exceptions when age group III may be
dominant in both gears during the autumn.

26. The sex ratio was determined to be 96

- females to 100 males in the combined data from

all samples except those obtained in April, when
the ratio was obviously distorted. Evidence was
obtained of segregation according to sex in all
months from April to November, inclusive, except
September. It was pointed out that the number
of samples employed, as well as the number of
individuals examined, was important in the
accurate determination of the sex ratio. The
relative abundance of females in a year class
increased with age.

27. Male yellow perch in La,ke Erie matured at
an earlier age and at a smaller size than females.
Practically all males were mature or maturing at
a total length of 8 inches. Proportions of females
mature or maturing at different total lengths were’
48.4 percent at 8 to 8% inches, 86.1 percent at 8%
to 9 inches, and 97 percent at 9 to 9% inches.
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