
FLUCTUATIONS IN· GROWTH AND YEAR-CLASS STRENGTH
OF THE WALLEYE IN SAGINAW BAY

By RALPH HILE, Fishery Research Biologist

Saginaw Bay normally stands second only to
western Lake Erie in the commercial production
of the walleye, Stisostedion v. vitrewm (Mitchill),
in the ·Great Lakes; and among the fishes of the
bay, the walleye customarily ranks first in eco
nomic importance. Despite its importance, no
previous major investigation of the Saginaw Bay
walleye has been undertaken. Available informa
tion has been limited largely to that given in Hile's
(1937) study of the relation between plltntings of
fry and the later abundance and production of
walleyes, in Krumholz's (1945) investigation of
the loss of weight on filleting, and in the account
by Van Oosten, Hile, and Jobes (1946) ofbathy
metric distribution and vertical movements of
walleyes in late spring, summer, and early autumn.

This report presents a<;lditional information on
the Saginaw Bay walleye in such matters as age,
growth, the length-weight relation, maturity, sex
ratio, .... The 1926-30 collections which form
the basic material for this study, were mostly made
as opportun,itypresented itself during the course
of experillleiltal studies of pound-net meshes car
ried on cooperatively by the United States Bureau
of Fisheries (silice iricorporated in the Fish and
Wildlife Service·) and the Michigan State Depart
ment of Conservation. It was the generous finan
cial support or the latter :agericy that made the
project possible. .

In many respects the data leave much to be de
sired and the conclusions based on them .are corre
spondingly restricted. It is believed, nevertheless,
that the results presented here may provide rea
sonably sound, fundamental information on
certain phases of the· natural history of the wall
eye in Sa,ginaw Bay, and offer a basis forthe plan
ning of continuing studies of population changes.

For the principal purpose of this publication
the present~tionof basic .information on the life
history of tIle walleye-the 1926-30 samples would
suffice. Data on the 1943 samples are included
primarily to bring out the pronounced change in
growth rate that occurred between 1929 and 1943.

I am much indebted to the following persons for
the collection of materials and recording of field
data: Dr~ T. H. Langlois, the late Dr. Jan Metze
laar, Edward W. Ross, and Russell Robertson of
the Michigan Department of Conservation, and
Dr. Frank W. Jobes. Dr. L. A. Krumholz, Mich
igan Institute for Fisheries Research, assisted in
the collection of the 1943 samples.

Dr. Hilary J. Deason determined ages for most
of the fish collected in 1926 and prepared the origi
nal tabulations of relationships among total, fork,
and standard lengths. He also had derived the
body-scale equation used in this study from his
earlier work with the Lake Erie walleye. Dr.
John Van Oosten gave valuable advice during
the course 'of this study. Dr. James W. Moffett
and Dr. Paul H. Eschmeyer read the original
manuscript.

Field operations were greatly facilitated by 'the
cooperation of the Bay Port Fish Co., the R. L.
Gillingham Fishing Co., and conservation officer
A. J. Neering. '

, MATERIALS AND METHODS
COLLECTION OF MATERIALS

Investigation of ~ge and 'growth rates of ,the
Saginaw Bay walleye was based on the determina
tion of the age of 3,652 fish and the computation of
individual growth histories ,(from scale measure
ments) of 2,427 specimens collected in 1926-30 and
1943 as recorded in table 1. '

A lack of sex data is principally responsible for
the lower number of fish employed in the growth
studies than in age studies. In the collections of
May 15 to June 18, 1929, sex was determined only
for the larger, mature walleyes; in these samples,
therefore, only fish older than the VI group (at
which age nearly all or all fish are mature) could
be used for the investigation of growth. Sex was
determined for fewer than half the fish collected
in 1928, but there was no selection on the basis of
maturity; hence, no, blocks of age groups were
excluded.
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TABLE I.-Ports and dates of collection of Saginaw Bay
walleyes used in age and growth studies

Nov. 11-20, 1926 Bay City_____ 305 304
Mar. 3Q-Apr. 16, 19'17 __ Bay Port______ 127 113
Nov. 5-12,1928... __ • Bay City_____ 119 li2
Apr. 4-23,1929 Bay Port______ 570 548
Mayl5-JuneI8,1929 BayPort._____ 1,183 64
Apr. 3O-June 20,1930_. Bay Port______ 1,060 1.060
May 4, 1943-

I

_B...;ay_p_o_r_t-_--_--_-
I

28S__1 286
Total. __ • .______ 3, 6li2 2,427

In the spawning-run samples of 1927 and April
4-23, 1929, all walleyes younger than the VI group
were excluded from the growth materials as prob
ably not representative by reason of selection on
the basis of maturity (spawning runs are made up
almost entirely of mature fish). The 1943 collec
tion, although taken at a time when numbers of
fish had not yet spawned, could not be considered
a true spawning-run sample since the catch in
cluded a considerable number of immature fish.
In this collection all fish were used in the study of
growth except the II-group individuals which
were held to be of uncertain status because of their
small number.

The numbers of walleyes employed in the study
of other phases of the life history-length-weight
relation, ratios of the various length measure
ments, sex ratio, maturity-varied according to
the materials available or required.

All samples were captured by experimental or
commercial impounding nets (pound nets and
shallow trap nets) of 2- to 3-inch mesh, extension
measure, as manufactured.1

Dates of collection Port

Number of fish used
for study of-

Age com· Rate of
posit10n growth

measurement) and the standard length (tip of the head
to base of the caudal peduncle) were measured for almost
all the fish. In addition to these measurements, fork
It'ngth (tip of the head to fork of the tail) was recorded
for a majority of the walleyes collected in the fall of
1928. Only standard lengths were recorded in the fall of
1926. Total lengths alone were measured in the spawning
run samples of 1927 and 19:!9, in the fall of 19:::9, in 1943,
and for Ii few fish in the fall of 1928.

Walleyes of the 1926-30 collections were measured with
a steel tape. 'l'he tape is held with its O-graduation at
the tip of the head. follows the curve of the body to the
point of greatest thickness, and then runs parallel to
the surface on which the fish is lying. A measuring
board was used in 1943. The tape length exceeds the
board length by about 2.5 percent.

I.engths of the bulk of tbe samples were recorded to
the nearest millimeter. Measurements were to the near
est 0.5 centimeter for most of the 1929 spawning-run
collection and to the nearest quarter inch for the re
mainder of the 1929 spawning-run fish and for the samples
of 1927 and 1943.

The diversity of procedure necessitated a large number
of conversions to attain the uniformity required. The
original compilations and analyses were carried on in
terms of standard lengths In millimeters (tape measure
ment), and where conversions were necessary, they were
made for the individual fish by means of factors given
in table 2.

TABLE 2.-Factors for con"er8ion8 between standard and
total lengths oj Saginaw Bay walleyes, with and without
change of unit

[B. L. = standard length; T. L. = total length]

Conversion factor

Interval of Number
standard of S. L. to T. L.to S. L. (mil- T.L.

iength fish T. L. (no B. L. (no 1lmeters) (inches) to
chanlle of change of toT.L. B. L. (mil-

umt) unit) (inches) IImetcrs)

<22Smm ___ 447 1.179 0.848 0.0464 21.M
225-447 mm. 4, 190 1.1li9 .863 .0456 21.92
>447mm ___ 162 1.136 .880 .0447 22.311

RECORDS FOR INDIVIDUAL FISH

The following procedures were used in compil
ing length, weight, and maturity records for in
dividual fish.

Lenath

The method of measurement differed from sample to
sample. In the periods of most extensive sampling-in
1929 after the spawning season had ended and in 1930-
buth the total length (from tip of the head to tip of the
tail, with the lobes compressed to give the nlaximum

1 The mesh sizes of the nets as actually fished were smaller than
those given here. since their treatment with a preservative pro
duces a certain amount of shrinkage. See Van Oosten, HUe, and
Jobes (1946) for data on extent of shrinkage.

Since the relative size of the tail of the Saginaw Bay
walleye decreases with increase in the length of the flsh.
different factors were determined for each of three inter
vals of length. Good argument could be offered for the
establishment of more than three intervals or for the use
of a continuous cune, since the differences between the
factors for the successive intervals are sufficiently great
to introduce irregularities into the converted data, and
thus call for certain arbitrary adjustments. In table 18,
for example, the total lengths corresponding to the stand
ard lengths of 219 and 229 millimeters were computed as
10.2 and 10.4 inches, respectively. In order that the se
quence of total lengths might proceed more regularly.
however, they were written as 10.1 and 10.5 inches, re
spectively. At tile second change of factor the required
adjustments were larger. The total lengths equivalent to
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standard lengths of 434, 443, nnd 453 millimeters, respec
tively, were computed as 19.5, 20.2, and 20.2(5) inches
but entered in the table as 19.7, 20.0, and 20.3 inches.
Similar adjustments, never exceeding 0.2 inch for any
particular length, were made for other tables of length
weight relation and length-frequency distributions and
also for the tables showing the calculated growth in
length of the year classes.

Comparisons of group averages were affected little by
the irregularities resulting from the changes in con
version factors since the conversions were made for indi
vidual fish and hence underestimates on the one side of
the point of change were compensated by overestimates on
the other. Furthermore, both standard Rnd total lengths
were at hand for the large majority of the specimens.

From the measurements of both fork and total lengths of
550 fish, n fork-Iength/total-Iength ratio of 0.944 was de
termined. No change in the ratio with increase in length
could be detected; the length range was small, however
most of the flsh faIling in the second of the three intervals
of table 2.

Following completion of the original tabUlations, tape
lengths were converted to board lengths by means of the
factor 0.9756. Only board lengths are presented in this
paper, and the conversions to board lengths account for
the fact that in certain tables the differences between the
midpoints of successive length intervals, set up originally
as 10 millimeters (tape length) are occasionally only 9
millimeters.'

Weight

Weights were recorded in the fleld to the nearest quar
ter ounce or 0.1 ounce. For pm'poses of compilation and
analysis, conversions were made to decimal fractions of
pounds or to grams, as desired.

Records of weight were not made in the fall collections
of 1926 or for the spawning-l'un samples of 1927 and 1029.
This reduced enormously information on the average
weights of the older age groups. Fortunately, a consid
erable number of weights was at hand for large fish not
in the scale collections. It was accordingly possible to
derive a general length-weight equation that could be
applied to the calculated lengths for the later years of life,
and provide a good estimate of the growth in weight in
those years.

Maturity
No records of maturity were made in the fall of 1926

or in the spawning-run collections of 1927 and 1929. This
deficiency was not particularly damaging for the last two
collections, since immature fish are taken rarely at the
time of the spawning run. Maturity was recorded in the
fall of 1928, but records of sex were not tal,en for a
majority of the immature fish. In 1929 (late spring), sex
was determined for only a small percentage of the imma
ture individuals, but in 1930 and 1943 both sex and
maturity were recorded.

~ The long hours spent converting !t'ngths of Saginaw Bay
walle)"e provided much of the stimulus for the preparation of my
1948 article 00 staodardization of methods of exprt'ssing It'ngths
and weights of fish (Rile 1948).

DETERMINATION OF AGE

Age, as deterrnined from the scales,8 has been
expressed in Roman numerals corresponding to
the number of annuli, or year-marks. Thus, a fish
in the first year of life belongs to age-group 0, one
in its second year to age-group I, .••• As a con
vention, each fish was held to pass into the next
higher age group on January 1. This usage re
quired in turn that a "virtual" annulus be cred
ited at the edge of the scale from that date until
such time as the current season's year-mark was
completed. For practically all Saginaw Bay wall
eyes captured. in the spring and early summer the
outermost annulus was virtual, since only a neg
ligible number of the scales exhibited marginal
growth even as late as mid-June. The season's
growth appears to begin later in Saginaw Bay (in
1929 and 1930, at least) than in Lake of tile Woods
where Carlander (ms.1942) found aUlJ.ulus forma
tion to take place "during the latter part of May
or early June."

Carlander (op. cit.) demonstrated that the an
nulus is a true year-mark in the Lake of the Woods
walleye. Data for the Saginaw Bay stock also
support strongly the belief that annuli are valid
indicators of age. An extended consideration of
this matter does not seem to be desirable here; nor
are all of the supporting data presented, but cer
tain points may be listed as follows:
. 1. Agreement between the modal length of the youngest

flsh (those that had completed 2 growing seasons) as
.determined from scales and from mocles in certain length
frequency distribution of all ages combined.

2. Systematic increase of mean size with increase in
number of annuli.

3. Generally good agreement of calculated lengths at
the end of various years of life as computed from the
scales of fish of the same or different age groups and year
classes.

4. Better agreement between calculated growth histories
of different- age groups of the same year class than between
the growth histories of the same or different age groups of
different year classes.

5.•<\greement between year classes as to good or poor
growth in certain calendar years.

6. Close correlation between data for tbe sexes on an
nual fluctuations in growth rate.

7. Numerical strength or weakness of certain year
classes in different calendar years."

The agreement among year classes and between
.the sexes with respect to annual fluctuations in
growth rate is especially significant because of the

• Scales were mounted on glass slides in a glycerin-gt'IRtin
medium aud examint'd by means of a microprojection apparatus.

• The bt'aring of certain of these points on tht' validity of the
annulus as a year-mark may not be immediatt'ly obvions. To
avoid repetition here, reference is made to Bile (1941).
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evidence it affords that scales of the Saginaw Bay
walleye can be read with a high degree of accu
racy up to relatively advanced ages. Males that
had' completed as many as 11 years of life and
females that'had completed as many as 13 were
employed in those analyses. .

Difficulties encountered in the reading of scales
were the usual type: annllli that could not be de
termined as true or false; annuli crowded together
from slow growth; semiopacity and pronounced
light and dark markings; pitting of the scale sur
face; peripheral resorption..Scales that gave evi
dence of earlier resorption along the anterior edge
were discarded since they could not yield reliable
measurements for the computing of past growth.

Age determinations were more difficult for older
fish,' especially those more than 7 or 8 years of age.
The scales of all older fish were read twice. At the
first examination an age was assigned, if possible.
At the second examination, the earlier reading was
confirmed or corrected, a decision· made whether
to retain the fish, and if usable, the scale was
measured.

Rate of growth also affected ease of reading the
scales. The scales of females were considerably
easier to interpret than those of the more slowly
growing males, despite the generally higher aver
age age of the females. Fish of the 1943 sample,
which had grown more rapidly than the walleyes
captured in 1926-30, had the clearest scales col
lected at any time. Whereas, 5.5 percent of the
scales were discarded from the spawning run of
1929, an age was assigned to everyone of the 288
fish ta'ken in 1943.

A third factor bearing on ease of interpretation
is the size and shape of the individual scales. Com
parisons of extremely small scales with larger ones
from the same individual suggested that annuli in
undersized scales might be overlooked as the result
of faint marking or closeness to neighboring an
nuli. In extremely large scales the transmission of
light often is inadequate and the shading (light
and dark bands that bear no fixed relation to an
nuli) may be accentuated. The largest scales are
often extremely wide (dorso-ventral axis) in rela- .
tion to their length (antero-posterior axis). In
such scales, annuli readily visible in the lateral
field can be most difficult to trace through the an
terior field. Highly elongate scales likewise are
undesirable since on them the cutting over in the

lateral fields, a most helpful criterion of the annu
lus,·is much ·reduced. . '.

The scales best suited to age determination in the
walleye, then, are those of medium size and ordi
nary shape (reasonably nearly symmetrical about
the antero-posterior axis 5 and neither excessively
long nor broad). Scales from the middle of the
body of walleyes and just above the lateral line
meet these specifications most satisfactorily.

CALCULATION OF GROWTH

Measurements of the magnified (X 40.7) scales
:Cor the calculation of individual growth histories
were made along the anterior radius most nearly
collinea.r with the focus. The distances from the
focus to each annulus and to the edge of the scale
were recorded to the nearest millimeter.

Since materials were not available for investi
gation of the body-scale relation of the Saginaw
Bay walleye, use has been made of Deason's un
published work with the Lake Erie population.
Deason determined that the body-scale relation of
the Lake Erie walleye was described satisfactorily
by a straight line intersecting the length a.xis at a
&tandard length of 50 millimeters.

The body-scale relation as derived for the Lake
Erie walleye and applied here to the Saginaw Bay
&tock differs notably from the one determined for
the Lake of the Woods walleye by Cln'lander
(1945) who made use of an equation of the type:

L=a+b'S+oS2+dS3, .

where a, 'b, 0, and d=constants. The values of
the constants were such that the graph of the
equation followed a di~tinctly sigmoid course. It
is obvious from Carlander's figure 1 that the the
oretical curve fitted his empirical data extremely
well. Eschmeyer (1950) also obtained a sigrilOid
curve (from key scales). He fitted the curve by
inspection and calculated lengths from scale meas
urements by means of a nomograph of the type
described by Hile (1950). .

Differences in the location on the body of the
fish from which the scales were taken may account
for the dissimilar body-scale relation as deter
mined by Deason, by Carlander, and by Esch
meyer. Deason used scales from the middle of
the body and above the lateral line, Carlander took
his samples near the lateral line immediately above

• Curvature of the radII In asymmetrical scales makes measure
ment more dimcult and less accurate.
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the posterior edge of the pectoral fin, and Esch
meyer's key scales came from the third row below
the lateral line. That the body-scale relation can
vary considerably according to the location from
which the scales are taken is indicated in the
works of Hile (1941) and Beckman (1941) on the
rock bass (A:mbloplites 'J'Upestris). Hile found
that the mathematical relation between the length
(anterior radius) of "key scales" from the second
row above the lateral line and the length of fish
of the Nebish Lake (Wis.) population was de
scribed satisfactorily by the general parabola,
L= oS", in which 'It had a value of approximately
0.7. Using essentially the same procedures but
taking his scales from the third row below the
lateral line (actual position not stated in paper but
communicated privately by author), Beckman ob
tained an equally satisfactory fit for the Standard
Lake (Mich:) stock with a straight line that inter
sl'.cted the length axis at a standard length of 15
millimeters.

COMMERCIAL PRODUCTION IN SAGINAW
BAY, 1885-1951

Records of the production of walleyes in Sagi
naw Bay (table 3) through 1940 were 'adapted
from Gallagher and Van Oosten (1943). Figures
for later years were compiled in the Great Lakes
offices of the United States Fish and Wildlife
Service from commercial fishing reports turned
over to the Service by the Michigan·Department
of Conservation. These reports are submitted
each month by commercial fishermen' licensed· to·
operate in State of Michigan waters of the Great
Lakes.

In 1885, the first year for which we have statis
tics, the take amounted to 673,000 pounds. The
level of production was much higher (1,558,000
pounds) in 1891, the next year for which there is
a record. This year was the first in a relatively
extended period (1891-1919) in which the catch
varied widely (and gave some indication of cyclic
fluctuations) but was without a long-term trend
(fig. 1). Of the 22 years within this period for
which there are statistics, the take exceeded 1%
million pounds in 5 (maximum euteh, 1,885,000
pounds in 1894), fell between 1 and 1% million
pounds in 9, and was less than a million pounds
in 8 (minimum of 654,000 pounds in 191G). The
1891-1919 average was 1,149,000 pounds.

.. TABLE 3.-C6m1"ercial production of walleyes in Saginaw
Bay, 1885, 1891-1908, and 1916-51

[In thousands of pounds]

Year Produc· Year I produc- II Year Produc-
tion tion tion

1885_________ 673 1908_________ 801 1933_________ 1,4551891 _________ 1,558 1916_______ ._ OM 1934 __ •______ 1,3491892.________ 1,035 1917_.•• _____ 1,002 1935.________ 1,293
1893.._______ 686 1918._.______ 1,803 1936. _.______ .1,4011894.. _______ 1,885 1919_._______ 1,246 1937._.• _. ___ 1,529
1895.. _______ 878 19"-0.__•_____ 71\8 1938.•_______ 1,1791896_________ 723 1921_._______ 546

1939_________ 1,4921897_________ 1,217 1922.. _______ 1,098 1940_._______ 1,443
,1898_________ 1,242 1923.________ 022 1941. ________ 1,4631899_________ 1,167 1924_________ 314 1942 _____•___ 2,0501900.________ SOO 1925. ___ : ____ 335 1943.________ 1,5591901.._______ 716 1926 .. ________ 5811 1944.•. ______ 9881902.. _______ 1,003 1927________ 621 Il145_________ 560IP03.._______ 1,7i1 1928.________ 630 1946_________ 90111904_________ 1,652 1929.. _______ 632 1947 _____, ___ 366
1905._.______ 1,415 1930_._______ 1,004 1948.________ 1421906_________ 1,044 1931.__•_____ 681 1949_________ 781907_________

9SO 1932._. ______ l,3i5 1950.________ 621951.________ 85

The 12-year period, 1920-31, was one.of J,·ather
consistently low yield. Production was above a
million pounds in only 2 years (maximwn of
1,098,000 pounds in 1922) and fell below 500,000
pounds twice (minimum of 314,000 pounds in
1924). The mean for 1920-31 was 652,000
pounds-43 percent below the 1891-1919 level.
The statistics suggest a general downward trend
during the early years and an upward trend dur
ing the later years of the period.

The irregular upwal'd trend that started in 1925
carried the take to 1,375,000 pounds in 1932. This
year was the first of a 12-year period during which

. thecatch did not fall below 1,179,000 pounds (the
figure for 1938) and reached the record high of
2,050,000 pounds in 1942. The 1932-43 average
of 1,466,000 pounds was 2.25 times the mean for
1920-31 and 1.28 times the 1891-1919 average.

The decline from. the record high of 2,050,000
pounds in 1942 was both rapid' and disastrous.
The catch dropped to less than a million pounds
(988,000) in 1944 and almost to a half million
(560,000) in 1945. A recovery to 909,000 pounds
in 1946 was followed by a further decrease to
only 62,000 pounds in 1950. The catches of 1948,
1949, and 1950 set' new record lows, and the 1951
take of 65,000 pounds represented insignificant im
provement over the preceding year. The aver
age output in 1944-51 was only 396,000 pounds.
Many eommercial fishermen of Saginaw Bay be
lieve that industrial pollution brought about the
collapse of the walleye fishery.
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FIGURE I.-Commercial production of walleyes in Saginaw Bay, 1891-1908 and 1916-{)1.

An earlier publication (Hile 1937) discussed
fluctuations in the production and abundance of
walleyes in Saginaw Bay in 1929-35. Similar in
formation, and also statistics on fishing intensity,
now available through 1951, give no evidence that
overfishing was a significant factor in the recent
collapse of the walleye fishery in Saginaw Bay.

AGE COMPOSITION AND YEAR-CLASS
STRENGTH

AGE COMPOSITION OF 1926-30 COLLECTIONS

Seasonal differences

The records of age composition of the several
collect·ions made :£rom 1926 to 1930 (table 4) indi
cate that greatly different age segments 0:£ the

walleye population of Saginaw Bay are available
at various periods of the year.

Both 0:£ the fall samples were made up of ex
tremely young fish. Age-group I was overwhelm
ingly dominant in both years (95.5 percent in
1926; 73.1 percent in 1928) and only 4 individuals
older than the IV group were present in the com
bined total 0:£ 424 specimens. Even though the
number 0:£ annuli be increased by 1 to give ages
in terms 0:£ completed growing seasons each col
lection has an average age 0:£ less than 2.5 and the
unweighted mean :£01' the two is 2.28.

The spawning-run samples 0:£ 1927 and April
4-23, 1929, on the other hand, were composed of
old fish. Age-group VII was dominant in both
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years (27.6 percent in 1927; 29.3 percent in 1929),
fish younger than the VI group were scarce (11.0
percent in 1927; 3.9 percent in 1929) and no wall
eyes younger than the IV group were captured.
Fish more than 8 years old, however, made up
16.5 percent of the 1927 and 31.9 percent of the
1929 collection. The average age of spawning
run fish was between 7 and 8 years in both collec
tions (unweighted mean of 7.60).

The late-spring collections of 1929 and 1930
were of intermediate age. Age-group IV was
dominant in both years (38.5 percent in 1929;
38.7 percent in 1930) and fish of this age and
younger made up 85.7 and 70.5 percent, respec
tively, of the total in the 2 years. No age group
older than the VII group in 1929 or the VIII
group in 1930 had a representation as great as
1 percent. The unweighted mean age for the two
collections was 3.90.

Fluctuations within a collecting period

In three collections (spawning-run, 1929; late
spring, 1929 and 1930) sufficiently large samples
were taken on different dates to permit inquiry
into the variation of age composition during the
collecting period.

The variation in the mean age of spawning-run
walleyes ca.ptured on different dates in April 1929

(table 5) exhibited no clear-cut trends. For the
males, the average number of annuli ranged from
6.66 on April 23 to 8.31 on April 13, a maximum
difference of 1.65. The variation of average age
was less for the females (from 7.84 on April 7 to
8.89 on April 4.-difference, 1.05) and still smaller
for the combined sexes (7.75 OIL April 23 to 8.28 on
April 13-difference of 0.53; 7.68 on April 6 to
8.28 on April 13-difference of 0.60, if we include
the former collection which contained no females).
The lesser range of age for the combined sexes can
be traced to the fact that the ages of males and
females varied more or less independently.

Age-group VII was dominant 6 both in the com
bined samples and in 5 of the 6 individual collec
tions from the 1929 spawning run. The excep
tion, sample of April 6, not only contnined rela
tively few fish (53) but was abnormal in that
females were entirely lacking. There is little evi
dence that had fewer samples been available time
of collection would have affected greatly the con
clusions relative to the age composition of the 1929
spawning run.

The mean age, sexes combined, of late-spring
samples in 1929 varied from 3.12 on May 17 to 4.32
on June 3-a difference of 1.20. This maximum

• Statements in tbls section relative to dominance are based
on tbe combined numbers of males and females.

Year class-

1914 1915 1916 1917 1918 1919 1920 1921 1922

TABLE 4.-Age and year-class composition of the 1926-30 collections of Saginaw Bay walleyes
[A .. virtual" 8IlDuius at tbo edge oC tbe scale was credited to fisb captured In the spring beCore tbe onset oC tbo current season's growtb)

Total
Date oC capture I 1---,----,,---....,....---,---,----;---.,.------,---,---..,.----,---,-----;---.,.----1 a~.

1923 1924 1925 1926 1927 1928 age 2

------1---------------------------------

XI X IX VIII VII VI V IV III II I 3.67
3 5 7 10 41 41 59 456 308 ~48 2 1,183

(0.2) (0.4) (0.6) (0.8) (3.5) (3.5) (5.0) (38.5) (26.0) (21. 0) (0.2)

XII XI X IX VIII VII VI V IV III II 4.14
4 q 4 10 15 23 25 230 410 297 40 1,060

(0.4) (0.2) (0.4) (0.9) (1.4) (2.2) (2.3) (21.7) (38.7) (28.0) (3.8) _.....--- ..

X IX VIII VII VI V IV •__ •• ._. • • ._ 7.24
5 8 24 35 33 13 1 _. • •• •• __ • • .__ 127

(3.9) (6.3) (18.9) (27.6) (26.0) (10.2) (0.8) ••• •• • •• __•• ._ --. ---.--••

XI • • .___ IV III II I .____ 1.43
I • • 1 8 22 87 .____ 119

(0.8) • • __ • __ ._. • ._____ (0.8) (6.8) (18.5) (73.1) •• ---.- ••_

XII XI X IX VIII VII VI V IV __ • . • •• 7.96
14 31 61 64 109 167 90 16 6 • ._.__ 570

(2.5) (5.4) (10.7) (11.2) (19.1) (29.3) (15.8) (2.8) (1.1) •• • __ ---.---. ----.- ••

Nov. 11-20, 1926:Age group •• ._ XI •• • IX • __ • •__ •• •
Number oC flsh • 1 _. .__ 1 • • _
Percentage ._______ (0.3) __ ._____ (0.3) _. • •

Mar. 3O-Apr. 16,
1927:

Age group________ XIII XII XI
Number oC fisb___ 2 2 4
Percentage__ ._.__ (1.6) (1.6) (3.1)

Nov. 6-12, 1928:Age group • ._ •• • • _
Number oC fIsb •• • __ • • _
Pereentage •• • __ • • • _

Apr. 4-23, 1929: 2
Age group._. •• .__ XIV XIII
Number oC flsb • __.___ 3 9
Percentage_______ (0.5) (1.6)

May l&-Jwle 18,
1929:Age group ••_ XV .__ XIII XII

Number oC fisb___ 1 _. __ .___ 1 1
Percentage.______ (0.1) _••__.__ (0.1) <0.1)

Apr. 3O-June 20,
1930:Age group • • • __

Number oC flsb. •__ ._
Percentage ••__ • • _

V
1

(0.3)

IV
3

(1.0)

III
1

(0.3)

II I • __ • • • .____ 1.13
7 291 •• .___ 305

(2.3) (95.5) • __ • ._ • • • •

I Extreme dates oC tbe collecting period.
2 Averagc number oC annuli; tbe averages Cor tbe Call collections sbould be increased by 1 to obtain the mean number oC completed growing seasons.
2 From spawning run.

294301-54---2
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TABLE 5.-Age comtposition and mean age of Saginaw Bay walleyes in lOBO

[Sex data lacking Cor the bulk of fish collected In May and June]

Number In age group- Average age I

By Both
sex sexes I

XII XIII XIV XVXIxIXVII VIIIVIVIVIIIIII

Date of collection. 1--.--.------,---.....----;--.--,..----,---,----;----;---,--,..----,---1 Total 1--.--
and sex

------11----------------------------------------

49 7.39 8.05
38 8.89 (87)
53 7.68

74 7.72 7.77
51 7.84 (125)

45 8.31 8.28
67 8.25 (112)

38 7.61 8.13
63 8.44 (101)

44 6.66. 7.75
48 8.75 (92)

192 3.69
182 3.12
274 4.32
217 3.72
159 3.44

2 1 . . .
3 • • __7

8

2 ~ .. _.. ....... __
6 6 2 1 _
3 2 •• • ._ • _

5
6

9
5
7

23
6

9
7

19

7 19
1 9
7 12

10 24
11 17

6 11
8 23

10 14
8 15

19 8
3 15
4 II
2 5

20 16
10 S
3 1

2
I
2

A~~I~. • • 1
Females • • •. _. _

Apr1l6: Malcs , •• 1
Apr1l7:Males_._. .____ 2
. Females ••• _. __ • •.
April 13:Male.. • • .• 1 7 10 5 2 2 1 _

Fcmales • . ._. .__ 12 7 7 5 5 • _

A~~~I~::_~9_: ••••• .___ 6 2 3 2 1 •• _
Females__ • , __ . ._. .__ 4 8 6 11 4 4 3 •• _. _

April 23:

W:~ies:::::::::: ::::::: ::::::: ::::::: ~ .~_ ~ ~ ~ -----S- ::::::: -----4- ~ :::::::
May 15: Bothscxes__ 42 33 94 8 _. • 1 2 •__ • _
May 17: Bothsexe8__ 1 73 49 46 3 2 1 __ • • • _
June3:Bothsexes .___ 32 51 113 27 5 3 2 2 1 1 1
JuneS: Bothsexes.__ 1 40 54 90 9 3 1 1 • • _
Junel2:Bothsexes.. __ •• 21 62 66 6 • __ • . • ._._

J~~l'S~~:_~~~_~~~~ ~___ 40 59 47 6 2 3 2 . • •• 159 3.31
----------------------------------------

36 21 8 3 1 2 ._----- 303 7.58
----~--

2S 40 23 11 8 1 -_._--- 267 8.40 ----.--
64 61 31 14 0 3 ._-_.-- 570 ------- 7.96

7 5 3 1 ------- 1,183 ------- 3.67

I No females takell 011 April 6.

5 11 59 88 69
1 5 31 i9 40
6 16 90 167 109

456 59 41 41 10

I Number of fish in parentheses.I Average number of annuli.

Total:
April 4-23:Malcs_. . • _

Females • •. _
Bothsexes _

May 15-June 18:
Both sexes __ 2 248 308

difference was twice that of spawning-run sam
ples (0.53 or 0.60). ·Furthermore, since the aver
age age in late spring (3.67) was less than half
that in the spawning run (7.96), the relative varia
tion of age was even greater during the later col
lection period. The trend in the variation of age
was irregular in the early part of the collecting
period. The average age dropped from 3.69 on
May 15 to 3.12 (the minimum average) on May 17
and rose sharply to the maximum of 4.32 on June
3. Over the period June 3 to June 14 and 18,
however, the mean age decreased consistently
(from 4.32 to 3.31) as the season advanced. Age
group IV was dominant in 4 of the 6 collections
(in the combined collections also) with age-groups
II and III the strongest in 1 sample each.
Because of the considerable variation of age in late
spring, conclusions based on a single sample might
vary considerably according to the date of col
lection. On the basis of only the May 15 collec
tion, for example, one might be inclined to
conclude with some confidence that age-group IV
(94 fish, or 49 percent of the total sample of 192)
was dominant in the late-spring season. Had the
one available collection been taken ~ days later

(May 17) one might believe that the II group (73
fish, or 40 percent in a total of 182 walleyes) was
the strongest. Thus, for the late-spring period a
series of samples is desirable. Even so, the vari
ability of the age composition from date to date
leaves in some doubt the actual conditions within
the population as a whole.

In 1930 (table 6) the mean age of the samples
(sexes combined) increased from 4.31 on April 30
to a maximum of 5.05 on May 8, 11, and 13, and
thereafter followed a distinct although irregular
downward trend. The range of variation was
from 5.05 to 3.30 (June 3)-a difference of 1.75.
The extent to which ages differed in the earlier and
later parts of the collecting period is illustrated by
the fact that the highest average age after the May
15 and 17 collection was below the mean in that
collection or any earlier one. Furthermore, the
average age over the period May 2~-June 20 was
only 3.74 as compared with 4.50 for April30-May
17-a difference of 0.76.

The variations in the average age of walleyes
from sample to sample in the late spring of 1930
were accompanied by shifts in the dominance of
age groups. Three of the first four coilections were



WALLEYE IN SAGINAW BAY

TABLE 6.-Age composition and average age of Saginaw Bay walleyes in 1990

Number in age group-

15

Aversge age I

Date of collection
II I III IV v VI VII VIII IX x

Total

XI XII By sex ~~:ahJ

-----------·1---1---------------------------
April 30:MoJes _

Females _
May 3, 5:Males___________ _ __ 1

FemoJes _
May 8, 11, 13:Males _

Females _

May 15, 17:Males___ _ _ 4
Females _

May 22, 24: "MoJes__ _ __ __ _ __ ___ 2
FemoJes__ .__ __ __ _ 2

May 26. 29:Males__ _ _ 3
Females______ __ _ ___ ___ ____ __ 3

June I, 3:Males________ __ _ _ __ 3
FemoJes____ ___ __ 9

June 9. 18, 20:Males__ _ _ 4
FemoJes______ ______ 9

19 49 27 S ----_ .. _- -------- -------- -------- --- ..---- -------- 98 4.14 4.31
4 27 28 6 ---_.. _-- -------. -- ..----- -------- ---.---- _.._--_ .. - 65 4.55 (163)

19 50 25 2 2 ------3- -- .. ----- -------- ------i- 99 4.14 4.36
4 19 9 1 1 -------. 1 -------- 39 4.92 (138)

7 31 30 3 1 2 ------5- ------i- -------- 74 4.54 5. 05
6 16 37 5 9 5 --- .. - ...... - 1 85 5.49 (159)

10 31 16 ---.---- -------- ------i- -------- ------i- -------- 61 3.97 4.12
8 21 7 1 --- ..---- -------- 39 4.36 (100)

25 18 1 1 1 -------- ------i- -------- 48 3.52 3.89
32 24 8 :I 2 -------- 1 2 74 4.13 (122)

26 21 5 1 ---·--i- ------- .. -------- 56 3.57 4.02
26 23 20 2 4 3 1 -------- -------- 83 4.32 (139)

25 19 3 -------- - ... _-- ... - -- ....---- -------- -------- ------.- -------- 50 3.44 3. 30
26 16 1 ----- ..... - ..... _----- -------- -------- -------- -------- -------- 52 3.17 (102)

23 27 3 1 ------2- -......... -2- -------- ._------ 58 3.57 3.66
37 18 10 -------- -------- 1 -------- -_ .. __ .. _- 79 3.73 (137)

Total:Males _
Females _
Both sexes _

17
23
40

154
143
297

246
1M
410

110
120
230

9
16
25

6
17
23

1~ -----iii- -----"4; -----"2" ------4-
15 10 4 2 4

544
516

1,060

3.94 _
4.36 _

4.14

I Average number of annUli. • Number of fish in parentheses.

dominated by age-group IV, the fourth (May 8, 11,
and 13) by the V group. Everyone of the last four
collections was dominated by age-group III. Thus
5 of 8 samples each containing 100 or nlOre wall
eyes 7 disagreed with the combined collections (in
which age-group IV dominated) as to which age
group was strongest. ,A..gain it is seen that a single
sample from the late-spring collecting period, even
though it be of fair size, can prove misleading and
that even with" an abundance of samples the varia
tion in age composition inevitably leaves doubt as
to the actual situation in the general population.

In earlier discussion of the age composition of
the 1929 spawning run it was observed that the
mean ages of males and females varied "more or
less independently" from sample to sample." In
the late-spring collections of 1930 the variations
of the ages of males and females were closely cor
related. Although this relation is clearly detecta
ble from the data of table 6, the closeness of the
correlation can be brought out more forcefully by
the figures in table 7 in which the daily mean ages
of the sexes are recorded in the descending order
of the average ages of the males. So similar were
these day-to-day variations that the coefficient of

• A minimum sample of 100 fish was the basis for combining
the catches of certain (lays to form a single sample.

correlation (r) between the two series of averages
was 0.913. This figure is far beyond that which,
ordinarily would be termed highly significant (at
df=15, r=0.606 for p=O.Ol). It is concluded
therefore that the factors which deterluine the
day-to-day changes of age composition in late
spring collections operate in the same wayan males
and females.

TABLE 7.-Var-iation in average age of male and female
Saginaw Bay walleyes in daily samples collected in 1990

(Collections arranged In descending order of mean age of males)

Males Females

Date of collection
AverageNumber Average Number

of fish age 1 offish age I

May 8 __ • _________________ 9 4.89 18 6.06May 11 ___________________ 40 4.72 43 5.58
May 3____________________ 50 4.24 20 5.45
~rll30---.-------------- 98 4.14 65 4.55ay 15___________________ 23 4.13 14 5.29
May 13.__________________ 25 4.12 24 4.92May 5____________________ 49 4.04 19 4.37May 26 ___________________ 28 3.93 54 4.81
May 17._____ .____________ 38 3.87 25 3.84June 9___________________ 29 3.72 33 3.88June 3 ___________________ 30 3.60 30 3.33
May 24 ___ ._______________ 30 3.57 47 4.55
June 18__________________ 4 3.50 3 4.00
May 22 ___________________ 18 3.44 27 3.41
June 20 __________________ 25 3.40 43 3.60
May 29___________________ 28 3.21 29 3.41June 1___________________ 20 3.20 22 2.95

Total or average ___ 544 J 3.87 516 • 4.35

I Average number of annuli.
Unweighted means of averages for the IndivIdual collections.
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RELATIVE STRENGTH OF YEAR CLASSES

1926-30 collections

The great seasonal variation in age composition
of the Saginaw Bay walleye imposes severe limi
tations on the use of the data of table 4 to estimate
the relative strength of the year classes. Obvi
ously, the comparisons of the representation of
age groups on which such estimates are based can
be made only between samples taken at the same
ti~~ of :rear (spawning period, late spring, fall).
DIfficultIes are lllcreased by the circnmstance that
for only 1 of the 3 periods, late spring, were the
two available collections made in consecutive
c.al~nd~r years (1929 and 1930). Despite these
lllUltatlOns, some general ideas concerning the
strength of the year classes may be developed.

Year-classes 1914-16 were represented by too
few fish to warrant speculation as to their probable
strength. For the remaining year classes, esti
mates o! relative strength will be made from (1)
comparIsons of the percentage age composition
of samples from the same collectinO' season
(spawning period, late spring, fall) but from dif
fer~nt calendar years, and (2) comparisons of the
~atI~sof numbe.rs of fish in consecutive age groups
111 dIfferent collections.
. The evidence from the percentage age composi

tIon probably can be presented most effectively in
a condensed form (table 8). The manner of read
ing ~he table perhaps can be illustrated best by
specIfic examples. The first line, for example,
states that the year-class 1917 which made up 3.9
pe~cent.of a spawning-run collection as age-group
X IS estImated to have been weaker than year-class
~919 which accounted for 10.7 percent of a spawn
mg-run sample at the same age. Similarly the
high representation (95.5 percent) of year-~lass
1925 .as the I group of a fall collection suggests
that It was stronger than year-class 1927 which
a~counted for only 73.1 percent at the same age.
Fmally, the l1e.arly eqnal representations of 1926
and 1927 year classes as age-group III (26.0 and
~8.~ percent, respectively) in late-spring samples
111dlCates that they were of approximately the
same strength.

The estimates in table 8 are by no means equally
reliable as both the numbers of fish and the differ
en~es betw~n pairs of percentages varied widely.
NeIther can It be assmned that anyone of the pairs
of percentages offers an unbiased estimate of the

TABL~ S.-Relative strength of certain year classes of the
Sagmaw ~ay walleye as indicated by their percentage
representahon at cOI'responding ages in different collect-ions

Percentage repr~senta·

E!timated relative Time 01
tion of age group as-

strength 01 year classes collection I
Age group

Earlier year Later year
class class

---
1917<1919 _______ •________ SR X 3.9 10.7
1918<1920________________ SR IX 6.3 11.2

~~~~:L:::::::::::::
SR VIII 18.9 19.1
BR VII 27.6 29.3

1921 >19'l3••__ •_. _. _____ •• SR VI 26.0 15,8
1922>1924.________ •___ •__ SR V 10.2 2.8
1922>1923 _____ •_________ LB VII 3.5 2.2
1923<1925_ •• ______ •___ •• : F III .3 6.8
1923>1924_.___ ._. _•_____ • LS VI 3.5 2.3
1924<1926••__ •__ • ____ •• __ F II 2.3 18.5
1924<1925..________ •_____ LS V 5.0 21.7
~:g::l:i---------- -----. F I 95.5 73.1

LS IV 38.5 38.7
1926=1927:::: :::::::::::: LS III 26.0 28.01927>1928______ •_____ •___ LS II 21.0 3.8

I SR=spawnlng run; LS=late spring; F~fall.

true relative strength of the year classes involved.
Important but undeterminable factors can inter
vene to distort the data. It is conceivable, for ex
ample, that the relatively weak percentage repre
sentation of the older age groups (and hence
stronger representation of younger fish) in the
1927 samples as compared with the 1929 spawning
run (table 4) may have resulted from a particu
larly intensive fishery in the years prior to 1927,
and hence reflect only a high fishing mortality.
Again, the much stronger representation of the I
group in 1926 (95.5 percent) than in 1928 (73.1
percent) does not necessarily mean a correspond
ingly greater relative strength for the 1925 year
class as compared with year-class 1927. Year
class 1925 may seem strong only because year-class
1924 was too weak to give the II group its "nor-

I" t·· 6rna represen atlon 111 192 , or conversely, year-
class 1927 may appear weak only because a strong
1926 year class contributed more than the usual
number of II-group walleyes in 1928 (actually
there is evidence that year-class 1924 was weak):
The same, of course, holds for all collections--age
composition can be influenced by earlier fishing
intensity and exceptionally strong percentage rep
resentation of one age group makes others appear
relatively weak, and vice ver8a.

Although the best evidence concerning the rela
tive strength of the year classes probably is that
provide<1 by comparisons of the percentage age
composItion of the samples, some valuable addi
tional information is to be had from data on the
ratio of the numbers of fish in successive age groups
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within collections. The numerical distribution of
fish within a sample according to age usually fol
lows a characteristic pattern. Some of the younger
age groups may be poorly represented (gear selec
tion or segregation on the basis of maturity or
size) but among the older fish increase of age
normally is accompanied by a regular decrease in
numbers. Any sharp deviation from the typical
pattern of decrease is suggestive of abnormal
strength or weakness in the year class or classes
responsible for the irregularity. To illustrate this
point, let us assume that the numbers of fish in
a.ge-gro"J.ps VI and V ordinarily are in about the
ratio of 1 : 2. If a particular collection contains
20 VI-group and 20 V-group fish (ratio of 1: 1)
we have evidence of weakness in the year class
represented by the V group or of strength in the
one represented by the VI group. Similarly, a
collection with 10 VI-group and 50 V-group in
dividuu.ls (ratio of 1: 5) indicates the younger
fish belong to the relatively stronger year class.
Even among those younger age groups that are
subject to selection, deviations from the customary
ratio can provide information.

Preliminary to the employment of ratios of
numerical representation of age groups, it is nec
essary to establish as accurately as possible the
general pattern of the variation in numbers with
age. The basic usable data for the Saginaw Bay
walleye (table 9) demonstrate at once that in ratios
of numbers as in percentage age composition dif-

ferent kinds of collections (spawning-run, late-

spring, and fall) follow different trends. It is
true that over the age range XII-XI to VIII-VII
the averages at the bottom of the table were based
on combinations of spawning-run and late-spring
samples. In the data for age-groups VII-VI and
VI-V, however, the materials had to be separated
since selection as to maturity decreased the rep
re·sentation of the younger age groups of the
spawning runs. Similarly, the fall and late-spring
collections were treated separately since the trends
of numerical abundance with increase in age were
dissimilar.

The number of collections contributing to the
averages of table 9 was only two or four (the
averages given in the footnotes were based on two
collections) and certain of the individual ratios
were based on extremely small numbers of fish.
Despite these obvious inadequacies the averages
exhibited remarkably small variation over the
range XII-XI to VIII-VII. For the combined
collections the range of the ratios was 0.52 to 0.84;
the means of the individual ratios varied from
0.56 to 0.82. At the lower ages VII-VI to III-II
(data based only on late-spring collections of 1929
and 1930) the ratios ranged from 0.23 to 2.10 (com
bined collections) and from 0.34 to 4.33 (mean of
ratios) . Some of them certainly cannot be held
to represent typical conditions. The value of 0.96
as the ratio of the numbers of walleyes in age
groups VII and VI, for example, should not be in
terpreted to indicate that normally the two groups
are almost equally plentiful in random samples.

TABLE g.-Ratios oj the numbers oj fish in successive age groups oj the Sagin.aw Bay walleye in the 1926-30 collections

[Numbers In age groups In parentheses)

Ratio of numbers and numbers in age groups-
Collection

XII-XI XI-X X-IX IX-VIII VIII-VII VII-VI VI-V V-IV IV-III III-II II-I

o.~ 0.23 0.33 L~ 2.W o.~
(64--66) (66 -289) (289-866) (866-005) (605-288) (29-378)

0.00 0.40 o.M L~ ~33 o.U

----------1---1---------------------:::::::::::::::::::::::::::::::::::::: l~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~~~~~ :~~~ :l~ ~:~~
Spawnlugrun 1927. •• .______ 0.50 0.80 0.62 0.33 0.69 11.06 12. 54 '13.00 --------- ••--------- ----------

(2-4) (4--li) (5-8) (8-24) (24-35) (35-33) (33-13) (13-1) ---------- .-.----.-- ------ _
Spawning run 1929 0.45 0.51 0.95 0.59 0.65 '1.86 15.62 '2.67 --.------ •• ----.---- •• ----••• -

- --•••• --------.-------- (14-31) (3H11) (61-64) (64--109) (109-167) (167-90) (90-16) (UHi) -.-------- .------.-- ---.----.-
Late spring 1929 ~ 0.33 0.60 0.71 0.70 0.24 1.00 0.69 0.13 1.48 1.24 -.----••• -

-----------.--.--.---.-.. (1-3) (3-5) (5-7) (7-1(\) (10-41) (41-41) (41-59) (59-456) (45lh'1Oll) (308-248) ------_ •••
Latespnng' 1930 2.00 0.50 0.40 0.67 0.65 0.92 0.11 0.56 1.38 7.42 ----- •• -- •

•••-.-.-.--------._.-.- ••~~ (4-10) (10-15) (15-23) (23-25) (25-230) (230-410) (410-297) (297-40)::.:.:..:.:.:=

Combined collections:
Ratio ._. ••_. __ • •• 0.52 0.53 0.84 0.56 0.59
Total number.• • •__ •__ ••_ (21-40) (40-75) (75-89) (89-158) (158-266)
Averageofratios••• • • •• 0.82 0.60 0.67 0.57 0.56

I Data not lucluded at bottom of table. The ratios (combined collections and average ratios, respectively) for the fall collections are 0.44 and 1.56 lor age
groups IV-III and 0.31 and 0.25 for age-groups III-II.

• Ratio probably atfected by selection on basis 01 maturity' data not Included at bottom 01 table. The ratios (combined collections and average ratios, re
spectively) ID the spawning run are 1.64 and 1.46 lor age-groups VII-VI, 4.24 and 4.08 for age-groups VI-V, and 4.U and 7.83 for age-groups V-IV.



18 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

I SR=spawning run; LS=late spring; F-fall.

TABLE lO:-Estimates of the relatwe strength of certain year
l'la.sses of the Saginaw Bay walleye as indicated by the
ratios of the nmnbers of fish in successive age groups

Although these rankings are valid to the extent
tha:t they conform well with the data of table 11
they are defective in the sense that the positions
were determined by the me~e occurrence of a
stronger or weaker year class in the sequence and
took no account of their actual relative strengths.
(The increases of two in. the positions from 1918

Earlier year Later year OenAroI ra-
class class tlo of age

Time of Ratio groups-

Rei:l.tivc strength collee- of
of year classes tlon 1

num- From
Age Num· Age Num· bers total Mean

ofgroup ber group ber num· ratiosbers
------------

f9278R X 5 IX 8 0.62 0.84 0.67
1917<1918.________ 1929SR XII 14 XI 31 .45

} .52 .821929L8 XII 1 XI 3 .33
f92iSR IX 8 VIII 24 .33 .56 .57

1918<1919._.______ 1929SR XI 31 X 61 .51 } .53 .601029L8 XI 3 X 5 .60
1930LS XII 4 XI 2 2.00 .52 .82

f9278R
VIII 24 VII 35 .69 .59 .56

1919>1920. ________ 1929SR X 61 IX 64 .95 } .84 .671929LS X 5 IX 7 .71
1930LS XI 2 X 4 .50 .53 .60

f927SR' VII 35 VI 33 1.06 1.64 1.46
1920= 1921.. _______ 1929SR IX 64 VIII 100 .59 } .56 .571929LS IX 7 VIII 10 .70

1930LS X 4 IX 10 .40 .84 .67

f92iSR
VI 33 V 13 2.54 4.24 4.08

1921= 1922_________ 1929SR VIII 109 VII 167 .65 } .59 .56. , 1929LS VIII 10 VII 41 .24
1930LS IX 10 VIII 15 .67 .56 .57

r26F IV 3 III 1 3.00 .44 1. 56
1927SR V 13 IV 1 13.00 4.14 7.83

1922> 19"..3___ • ____ . 1929SR VII 167 VI 90 1.86 1.64 1.46
1029LS VII 41 VI 41 1.00 .97 .90
1930L8 VIII 15 VII 23 .05 59 .56

f926F
III 1 II 7 .14 .31 .25

1923>1924. ________ 1929SR VI 90 V 16 5.62 4.24 4.08
1929LS VI 41 V 59 .69 .23 .40
1930LS VII 23 VI 25 .92 .97 .96I1926F II 7 I 291 .02 .08 .14
1928F IV 1 III 8 .12 .44 1.56

1924<1925. __ • _____
f929SR V 16 IV 6 2.67 4.14 7.83

1929LS V 69 IV 456 .13 .33 .34
1930LS VI 25 V 230 .11 .23 .40

1l928F III 8 II 22 .36 .31 .25
1925>1926. ___ • ____ p929LS IV 456 III 308 1.48 1.43 1.43

1930LS V 230 IV 410 .56 .33 .34

'Ir28F II 22 I 87 .25 .08 .14
1926=1927_________ J929LS III 308 II 248 1.24 2.10 4.33

1930LS IV 410 III 297 1.38 1.43 1.43
1927>1928_________ I930L8 III 297 II 40 7.42 2.10 4.33

1
o
2
1
1
o

PositionYear class

o 19"..3 _
1 1924. _
3 1925 _
2 1926. . _
2 11127 _
2 1928 _

PositionYear class

1917 •
1918 _
1919 _
1920. _
IfY.ll _
1922. _

For the next two comparisons (VI-V and V-IV),
the ratios are almost certainly too low as the result
of a large difference between the original abun
dance of year-classes 1924 and 1925. High values
more than 1.0 at IV-III and III-II in the late
spring collections may be in part the result of a
normal scarcity of the younger fish on the grounds
at that'season. At least one of the ratios, 7.42 at
III-II in 1930, must have been high because the
younger age group represented a weak year class.

Values of the ratio consistently above 1.0 for
comparisons of age-groups VII and VI and for
younger fish in the spawning-run samples can be
explained, as stated previously, on the basis of
selection according to maturity. Despite tllis se
lection th~ ratios indicate conditions at the spawn
ing period and hence have some usefulness in the
estimation of the strength of the year classes.

The value of the data for the fall collections is
limited greatly by the scarcity. of walleyes older
than the I group. Here, as with the younger age
groups of the late-spring collections, the ratios
varied widely, and here also the lowest ratio, 0.02
at II-I in 1926, came from a comparison of year
classes 1924 and 1925.

The sources of error and of distortion of the
data just outlined were kept in mind when esti
mates of the relative strength of successive year
classes were made from the data of table 10. Some
of the. decisions were most difficult, some probably
incorrect; yet it is encouraging to observe that the
general trends as es.timated from the ratios and
from the percentage age composition of the sam
ples were similar (table 11) .

It is possible from the data of table 11 to form
some idea of the rankings of the several year
classes. H, for example, 1917 is assigned a "posi
tion" of 0 and the later year classes successively
assigned higher or lower positions according to
their indicated strength (in comparison with the
precedi:t:lg year class or classes), it is possible to
arrive at the following sequence of positions which
is in conflict with only two estimates of the table
(1919=1921; 1925=1926). Both disagreements
were unavoidable because of discrepancies among
the estimates.

TABLE ll.-Summary of estimates of the relative strength of year-classes 1917 to 19S5 of the Saginaw Bay walleye

[Bascd on tables 8 and 10]

Bali' of e,timlJte
Ratios or numbers In successive a::p ::roups . __ . • __ • 191i<

Percentage age oomposiLiun of~mples.__ ----------------------- E~~~::
1918< 1919>

< 1919
1918 <

ElllimlJted relation, among "ear clalllll
19~O= lli"Jl= lY'J~> 1Y''''~> 1924< 1925>

= 1921' > 1923 < 1925
1920 = 1922 > 19"-4 <
______ 1922> 1923> 1924< 1925=

1926= 1927> 1028
> 1027

1926
1926= i927> i9:iii
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If the' adjusted positions just given are used
and the whole series shifted to a mean position of
0.00, the following final estimate of rank is ob
tained (see fig. 2) :

The preceding "final rankings" a·re offered
merely as the best estimate of the relative strength
of the various year classes that could be obtnined
from difficult data. The treacherous nature of
chains of estimates is realized fully. Nor is any
claim made that individual decisions were based
on fixed objective standards. Because the esti
rna.tes were based so largely on personal interpreta
tion of diffuse and indefinite evidence, full tabular
materials have been provided.

to 1919 and from 1924 to 1925 were required by
the estimates of table 11 and are not attempts to
measure the advantage of the more recent year
classes.) The original data are not as a whole
sufficiently extensive or dependable to warrant an
attempt at greater exactitude than that involved
in the assignment of successive positions. In two
situations, however, the evidence of extremely
large differences between successive year classes
is so strong as to make desirable an adjustment of
the preceding tnbulation. There can be little ques
tion that year-class 1925 was far stronger than
year-class 1024 and that year-class 1928 was much
weaker than year-class 1927. These large dif-'
ferences, if not to be measured exactly, can be ac
corded some recognition if the change of position
from 1924 to 1925 is increased from 2 to 3 and
that from 1927 to 1928 from 1 to 3. With these
'adjustments the new positions for year-classes
1925 to 1929 become: 1925, 3; 1926, 2; 1927, 2;
1928, -1.

Year class

1917_. _
1918 _
1919 .
1920 00 • __ •• __

1921. • _
1922. • : _

Rank: Year class

-1.42 1923... • • _
-.42 1924 _
1.58 1925 • _
.58 1926 ._••__ .'._
.58 1927 •__ •__ ._. _
.58 ·1928 _

Rank

-0.42
-1.42

1.58
.58
.58

-2.42

2.0..---------.------~----__,-----_r_-----r__-___,

C)z 0.01---+---+---~-_1_-----l't_+_---t__+----~_+_-...,

~

Z
~-0.5

0.5

- 1.5

1.01-----I--+---l~--__+-----_1_----H_-~---I__-_1

1.5

-2.01----~-+-----_+------,-+_----_t_----_j,___-11

-3.0 l...-_-I-__...L....._---l.__..L..._-l__--l..__J....-_---l.__....L...._--:'__-'

1917 1918 1919 1920 1921 1922 1923 1924 i925 1926 1927 1928
YEAR CLASS

FIG~RE 2.-Fluctuations in the relative strength of year-classes 1917 to 1928 of the Saginaw Bay walleye.
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I Average number of annulI.

------·1---------------

TABLE 12.-Age and year-cla88 comp08iUon of Saginaw
Bay walleye8 collected May 4, 1943

1930__ •• XIII 2 2 0.7

~=~::::::::::::::::::: x¥ --'-'---3- ~ l d
1ll34 •••• •• _._._. IX 3 2 5 1.8
1935_ ••• _._. __ .________ VIII 2 • ._ 2 .7
1936_._._______________ VII 5 3 8 2.8
1937__ .________________ VI 14 16 30 10.4
1938 •• V 3 1 4 1.4
1939.__________________ IV 49 30 79 27.4
1940 ._.____________ III 101 50 151 52.4
1941.. __ •• • .____ II 1 1 2 .7

---------------Total • •••• 181 107 288 _
Average age , •__ • __ ._._ 3.91 4.30 4.06 __ •• _

should be made that age-groups IX and X were
represented as well as or better than the V group.
It is highly probable that year-class 1941 also was
extremely weak. Segregation on the basis of
maturity cannot explain tIle low representation of
the year class since immature fish made up the
large majority of the III-group females. Neither
does segregation as to size offer a satisfltctory
explanation as growth of walleyes of the 1943
sample was much more rapid than in earlier years
when II-group fish were taken in abundance.

SIZE AT CAPTURE

LENGTH AND WEIGHT OF THE AGE GROUPS

For the presentation of the average lengths and
weights of the age groups at capture (table 13)
data for fish of the 1926-30 collections that had
completed the same number of growing seasons
(see footnote to table) have been combined. True,
walleyes of corresponding age and sex in different
years did not agree perfectly as to average size.
The differences that did occur, however, were not
large and could be accounted for satisfactorily
on the basis of the small numbers of fish in cer
tain collections or as the result of the annual fluc
tuations in growth rate that are known to have
occurred during and preceding the years of collec
tion. Data for the 1943 collection have been tabu
lated separately since walleyes captured in that
year had grown much more rapidly than had the
fish of the earlier samples.

A detailed discussion of table 13 is not desirable,
as more adequate and detailed information will be
available from later tabulations of calculated
growth in length and weight. Tt-eatment will be
limited, therefore, to brief comments on the gen
eral trends of increase of size with age, on sex dif
ferences in growth, and on the increased growth
of fish of the 1943 collection. .

At the end of 2 growing seasons the male and
female walleyes of the 1926-30 samples had the
same average length (10.0 inches). In 3 years (in
this section the terms "years" and "growing sea
sons" are used interchangeably) tlle females (12.7
inches) were 0.1 inch longer than the males (12.6
inches). To this advantage the females added
consistently to the end of 9 growing seasons when
their average length (22.8 inches) was 3.5 inches
greater than that of the males (19.3 inches). Dur
ing the later years of life' the length advantage of

Sex

Males Females Both

Pereent·
1---,---,----1 age of

total
Age

groupYear class

Preliminary analyses gave strong evidence for
correlation between certain meteorological condi
tions and the fluctuations in the strength of the
1917 to 1928 year classes. The indicated relation
failed completely, however, to hold up for year
classes of the 1943 collection, a discussion of which
follows. Inquiry into factors influencing the
strength of year classes of the Saginaw Bay wall
eye must wait until work now in progress makes
information available over a longer series of years.

1943 collection

Interpretation of the data on age and year-class
composition in 194.3 (table 12) is made difficult
not only by the lack of comparable data for ad
jacent years but also by some uncertainty as to the
proper classification of the sample with respect to
"type" of collection. Examination of the gonads
revealed that spawning was still in progress; on
the other hand, immature fish, ordinarily absent
or rare in spawning-run collections, were Ullmer
ous among the younger females. Presumably the
1943 collection was intermediate between the
spawning-rull and late-spring samples of earlier
years.

Age-group III was strongly dominant (52.4
percent) in 1943 with the IV group second (27.4
percent). The VI group (10.4 percent) held third
place. The remaining age groups were repre
sented sparsely (0.3 to 2.8 percent). The ex
tremely low percentage (1.4) for age-group V
indicates that the 1938 year class was exception
ally weak. Conceivably, unusual strength of
year-class 1937 made year-class 1938 seem weaker
than it was in fact. On the other hand, the point
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TABLE 13.-Average total lengths and weights of the age
groups of male and female Saginaw Bay walleyes collected
in 1926-30 and 1943

[Number of fish In parcnthe.scs]

1926-30 collections 1943 collection

Age groups and num· Males Females Males Females
bel' of completed

--~
_.

growing seasons 1 ;;; ..
~

.. ,s
~

:=l ::::
~

.cto
~

.. .. .!!l'
'" '" '"'" " " " ~ ~ "

.,
~

==
~ ~ ~ ~

-------1----------------
Inches Lb.. Illche. LbB. Inche. Lb.. Inche. Lb•.

I-IL ••••••••• __ 10.0 0.32 10.0 0.31 •• _
(2 seasons) ••• __ ••• __ (170) (25) (195) (50) _. ._ •• __

II-IIL •• _._ ••• 12.r. 0.59 12.7 0.59 16.41.41 17.0 1.59
(351'asons) ••• __ ••• __ (l6ll (1Ii8) (15.1) (149) (l0l) (lOll (50l (50)

III-IV 14.4 0.89 14.7 0.96 17.5 1.69 18.6 2.10
(4 seasons)__________ (25)) (250) (l66) (166) (49) (49) (30) (ao)

IV-V • • 15.9 1.2.~ 16.5 1.44 18.5 2.04 21.2 3.38
(5 ""ascus) _. _•••• ___ (113) (110) (121) (l21) (3) (:~) (1) (1)

V-V!.. ._._. __ 17.3 1.36 18.6 1.88 19.8 2.59 22.1 3.45
(6 seasons) .___ (81) (9) (68) (16) (14) (l4) (16) (16)

VI-VI!..______________ 18.0 1.83 20.1 2.62 20.3 2.61 23.4 4.25
(7 seasons) (13]) (25) (l3l) (35) (5) (5) (3) (3)

VfI-VII!.. 18.5 1.85 21.3 3.05 20.2 3.05 ._. .
(8 seasonsl-_________ (87) (5) (70) (19) (2) (2) __ • _

VIII-IX • 19.3 2.42 22.8 4.25 21.2 3.33 24.6 4.51'
(9 seasons) ••• _•••• __ (41) (2) (48) (15) (3) (3) (2) (2)

IX-X ._._•• _.21.1 3.19 23.8 4.91 22.3 3.84 25.0 5.56
(10 seasons) ._____ (24) (2) (52) (7) (3) (3) (I) (1)

X-XL ••• 21.7 3.71 24.9 5.48 •••• _
(11 seasons). .____ (10) (1) (30) (4) • ••• _

XI-XIL_ ••••• 22.1 25.9 5.96 26.5 5.75
(12 seasons)_________ (3) (19) (5) ••••• (I) (1)

XII-XIII ••• 23.5 . 26.1 6.88 • • __ 28.9 7.69
(l3seasonsl-________ (2) (10) (1) (2) (2)

X1II-XIV. ._ •• 21.3 27.3 _._. ._. __

xRt~~~~S)_~~~~~:::: _..~~~ :::::: 28.1~) -6~75- :::::: :::::: :::::: ::::::
(15 seasonsL ••• __ (1) (1) • __ •••• _

I The age gronps at left apply to fall collections takcn after completion of
season's growth, and those. at right to spring collections, marle I:>elore growth
began. Fish enter the ncxt higJwr 'Igc group on Jannary 1.

the females varied irregularly between tile mini
mum oi 2.6 inches at the end of 13 seasons (males,
23.5 inches; females 26.1 inches) and the maximum
of 6.0 jnches at the end of 14 when two males
averaged 21.3 inches and the single female was
27.3 inches long. Much of this variation can be
ascribed to the small numbers of fish at the higher
ages.

The increments of length for the males were 2.6
inches :for the third growing season, between 1 and
2 inches in the fourth through the sixth, and less
than 1 inch in the seventh through the ninth. For
older ages the increments ranged between 1.8
(tenthseason) and -2.2 inches (fomteenth). The
length increments of the females were 2.7 inches
in the third year and from 1.8 to 2.1 inches in the
fourth through the sixth years; they did not fall
below 1 inch before the thirteenth season.

The ';veights S of the male and female walleyes
d the 1926-30 samples were the same or nearly

• Since in most age groups fewer fish were weighed than were
measured, the mean length and the mean weight of an age group
do not necessarily correspond.

294301-54-3

the same at the end of 2 (males, 0.32 pound;
females, 0.31 pound) and 3 growing seasons (each
sex, 0.59 pound). At the end of 4 years, however,
the mean weight of the females (0.96 pound) was
0.07 pound greater than that of males (0.89
l)otUld). The females added to this advantage
with a fair degree of consistency during subse
quent years. The weight advantage of the females
first amounted to more than a half pound at the
elld of 6 seasons (males, 1.36 pounds; females, 1.88
IJounds) and first exceeded a pound at the end of
8 (males, 1.85 pounds; females, 3.05 pounds). In
the nillLh through the eleventh years the females
were the heavier by about 1%, pounds (no males
older than 11 growing seasons were weighed).

The increments of weight of both the male and
fema.Ie walleyes of the 1926-30 collections varied
erratically. For the males in the tilird through the
eighth years tile values ranged between 0.02 pound
(eighth year) and 0.47 pound (seventh). The in
crements of the ninth through the eleventh years
rJI exceeded a half pound (0.52 to 0.77 pound).
The increments of weight for the females were all
less than a half pound (0.28 in tile third year to
0.48 in the fifth) in the third through the sixth
growing season. During the later years the valucs
ranged from 0.43 pound (eighth growing season)
to 1.20 ponnds (ninth). In only 1 year (tentII)
did tile weight increment of the males (0.77
pound) exceed that of the females (0.66 pound).

Both the males and females of the 1943 collec
tion averaged longer and heavier than walleyes
of corresponding age and sex of the 1926-30 sam
ples (the only exception-weight of females at the
end of 12 growing seasons was based on only 5
fish in 1926-30 and 1 in 1943). For the males the
length advantage of the 1943 walleyes was great
est at 3.8 inches at the end of 3 years and thereafter
followed a downward trend to a minimum: of 1.2
inches at the end of the tenth year. For the fe
males the maximum advantage of the 1943 fish
(4.7 inches) occurred at the end of the fifth year
beyond which point the trend again was down
ward. The advantages of the 1943 over the 1926
30 walleyes were relatively much greater with
respect to weight than length. In 4 of the com
parisons the fish of the more recent collection were
more than twice as heavy as those oi tlle earlier,
and in 7 of them the advantage of the 1943 fish
exceeded a pound.
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Sex differences in average size were established
at an earlier age in the 1943 than in the 1926-30
collections. At the end of 3 growing seasons, for
example, the 1943 females (length, 17.0 inches;
weight, 1.59 pounds) averaged 0.6 inch longer and
0.18 pound heavier than the males (length, 16.4
Inches; weight, 1.41 pounds). At the same age
the advantage of the 1926-30 females over the
males was only 0.1 inch with respect to length and
was nil with respect to weight. For walleyes of
approximately the same average size, however,
sex differences in the two collections were similar.
As an illustration, the difference between the 1926
30 males and females at the end of 5 seasons (0.6
inch; 0.16 pound) was much the same as that be
tween 1943 males and females (0.6 inch; 0.18
pound) at the end of 3 years. Similarly at the
end of 6 seasons the advantage of 1926-30 females
over males of the same age (1.3 inches; 0.52 pound)
was only a little greater than the advantage of
the 1943 females at the end of 4 years (1.1 inches;
0.41 pound). It appears, therefore, that size
rather than a.ge determines the time of appearance
and the extent of sex differences in the growth of
the Saginaw Bay walleye.

LENGTH DISTRIBUTION OF THE AGE GROUPS

Data on the length-frequency distribution of the
age groups (tables 14, 15, and 16) are so arranged
that the collections of 1926-30 and 1943 are treated
separately, and walleyes of the earlier collections
that had completed the same number of growing
seasons are combined regardless of their age desig
nation.

The range in length of most of the well-repre
sented age groups of males collected in 1926-30
(table 14) fell within the limits of 5 to 8 inches 9

(exception for walleyes that had completed 6
growing seasons). For the females (table 15),
which had a somewhat greater scatter, the ranges
were mostly between 6 and 9 inches (exception at
9 growing seasons).

These relatively large ranges of length were so
much greater than the annual increments of length
that extensive overlapping of the distributions
characterized the data for both sexes. In a ran
dom sample from the general population only one
of the ages represented-walleyes that had com-

• In estimating ranges from the tables, 0.8 or 0.9 Inch must
be added to the ditferences between the midpoints of the terminal
frequency Intervals.

pleted 2 growing seasons-could be expected to
form a distinct mode in the frequency distribution
for all ages combined (see also p. 25). In later
years (and for some 2-year fish) length per 8e is
a poor index of age. In the males, for example,
every length interval from the one with its center
at 13.8 inches to the one at 23.1 inches was repre
sented by from 3 to 7 ages. The maximum range
of age was 9 years at 21.8 inches; representatives
actually were present for 7 of the 9 ages. The
mean range of ages at 13.8 to 23.1 inches was 5.1.
Similarly with the females, every length from 12.0
to 28.3 inches was represented by 3 to 7 ages. The
maximum range of ages (at 20.5 inches) was
8, of which 7 were represented. The mean range
at 12.0 to 28.3 inches was 4.9 years.

The data on the length-frequency distribution
of the age groups of the 1943 sample (table 16)
are too few to warrant a detailed discussion. The
length ranges of the age groups ran smaller in
the 1943 than in the 1926-30 samples, but the dif
ference might not have existed had the numbers
of fish been greater in 1943.

Changes since 1926 in the minimum legal size
of walleyes in Saginaw Bay waters make it desira
ble to give the percentages of legal fish at different
ages as estimated from each of three size limits. A
minimum size of 1% pounds 10 (in the round) was
in effect during the 1926-30 collecting period and
subsequently tllrough 1932. From 1933 to 1938,
inclusive, the minimum legal size was 16% inches
total length, and since that time it has been 15%
inches.

With the exception of a single 3-year-old male
that was more than 15:% but less than 16% inches
long, no walleyes of the 1926-30 collections were
legal-sized in less than 4 growing seasons under
any of the three limits. Some fish were legal (1
to 22 pe.rcent according to sex and size limit) at
tlle end of 4 seasons, and the percentage increased
rapidly with increase in age. Among the males
more than half were legal-sized in 5 years at tlle
15%-inch limit (57 percent) and in 6 years at
limits of 16% inches (83 percent) and 1% pounds

'" Because records of weight were lacking for some of the
19'-6-30 collections, the percentages of legal-sized fish under
the 1¥.a-pound limit as given In tables 14 and 111 were deter
mined on the basis of a legal minimum length of 375· millimeters,
standard length (17.1 Inches, total length). This length was
computed from the general IC'llgth-welght equn tlon (p. 27) to be
elJulvalent to a weight of 1"" pounds. For table 16 the per
centage legal at 1·"" pounds was determined from actual welrhts
at capture.
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TABLE I4.-LengthJrequencies oj male Saginaw Bay walleyes oj the 1926-30 colleclions according to number oj
cOlll.pleted growing seasons

[Age groups of fall collections combined with next higher age groups of spring collections. Fish enter tho next higher age group on Jannary I]

Number of fish that completed growing seasou-
Total length

Stand
ard

length 3 5 6 8 9 10 11 12 13 14
----------1------------------------------------------

100
100
100

100
100
100

100
100
100

100
100
100

100
100
100

100
100
100

93
100
100

79
94
99

52
83
98

13
30
57

1
4

15

o
o
1

o
o
o

MUI.185 13 • •• • • • __
204 74 • • • " ' _
~24 65 4 • • • _
244 14 16 2 • • • • • • ••
21\3 3 45 4 • • • __ •__ • _" "
282 64 43 _. • • • •• • • • • ., __ •
302 24 63 4 1 1 • • • • _

~ll -------- ------~- t~ i~ -----~r :::::ii: ::::::~: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::
380 .____ 3 13 35 42 17 2 • . __ • •
400 1 6 11 37 21 3 • . • • _
419 •• • •• _ 5 21 25 15 • _
438 • • ••• .____ 12 17 15 6 • _
458 •• 2 4 2 3 4 I __ •• • _
4i8 _._. •• ._____ 2 3 2 8 5 2 2
497 • .____ 1 4 2 1 • ._
.,16 • • •• .____ 1 2 1 ••
536 .____ 1 • • • •
556 • • • 1 ' __ "

------------------------------------------Total. .___________________ 170 161 251 113 81 131 87 41 24 10 3 2 2
------------------------------------------

Aversgetotallength (In.) __ • •__.__ 10.0 12.6 14.4 15.9 17.3 18.0 18.5 19.3 21.1 21.7 22.1 23.5 21.3
Average standard length (lOllI.) ••• _ 214 276 314 348 380 397 412 430 472 484 494 525 476

------------------------------------------
Percentage legal at-

I~ pounds _
16~ Inches _
15~i Inches _

8.6 in. ._. _
9.5 In. _

10.3 In ••
1l.11n • _
12.0 In. • • _
12.9 In _
13.8 In _
14.7 In •• ••
15.5 In . _
16.4 in •• • _
17.3 In •_. _
18.2 In__ • •• _
19.11n_.__ • _
19.81n _
20.5 In . _
21.3 In. • _
22.2 In • _
23.1 In _
24.0 In. _
24.8 in _

TABLE I5.-Length Jrequencies oj Jemale Saginaw Bay walleyes oj the 19&6-30 collections according to number oj
completed growing seasons

[Age groups orrall eollec~ionscomblued with next higher groups ofsprlug collections. Fish enter next higher age group on January 1)

Numberofllsh that completed growing season-

15141312111098765432

Standard ..__-,__-,__-,__-,__-,__-,__-,__-,__-,__..,__..,__-,__--;-__
lengthTotal length

-------1---------------------------------------------

2 • • • • • • •

------2- :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::

------2· -'-'--i' :::::::: ::::::::
5 2 • •
4 2 •
2 2 1 •
2 2 •• _ 1
1 __ •• • ' __ "

---'--2- -----·i- -------- ---'--i- :::::::: ::::::::

~ ~ -----T :::::::: :::::::: ::::::::J4 3 2 • __•• __ • _

9 5
7 5
6 5
3 7
1 1
1 1

1 • • • • _

1 • •

1
3
7
8

10
11
1
3
2

1 • . • • _

5
9

13
33
36
:.?Ct

6

7
3
J

6
12
11
16
10

1 • • • • •. _. __ ••• _

9
26
41
26
15

3

5 . .. . ._. . • ._. • • _

11
43
52
34
14
4
1
2

10 • • • • • •• • __ • • _

40
5~

33
9

1 • . . . • • • • __

20
64
87
20
2
1

5
15
9

18
10
6

:::::::: :::::::: :::::::: :::::::: ::::::::1 :::::::: ~
:::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ------~-

J.'lm.
165
185
2(;4
224
244
263
282
302
322
341
360
380
400
419
438
458
478
497
.'n6
536
556
575
595
614
634
653

7.7 In • _
8.61n • • • _
9.5 In__ • • • _

10.3In •• • _
11.1 in_._. _
12.0 in _
12.9 in • _
13.8 in " • _
14.7In. _
15.5 iu • _
16.4 In _
17.3 in • •__
18.21n _
19.11n _
19.8 lu • • _
20.5 In • _
21.3 In _
22.2 in • _
23.1 iIL • __
24.0 in •__
24.8In _
25.7 in _
26.6 ill _
27.4 In • _
28.3 In_. . __ • • _
~9.2 in. _

'fotaL_____________ 195 153 lGG 121 1i8 131 70 48 52 30 19 10 1
------------------ ----------------------------

A\'eragetotallength (in.)_ 10.0 12.7 14.7 lG.5 18.6 ~,U 21.3 22.8 23.8 24.9 25.9 26.1 27.3 28.2
A vcrage standard length "N 3ti4 41 ~ 44 j(mm.)_. .________ 216 280 "..~ 475 510 533 557 579 583 610 634

---------------------------------------------
Percentage legal at-
. lJ,i pounds__• ._________ 0 0 4 .32 84 9S 100 100 100 100 100 100 100 100

16~ Inches .___ 0 0 6 49 !141 11111 100 100 100 100 100 100 . 100 100
15~i Inches____________ 0 0 2'J 84 100 100 100 100 100 100 100 100 100 100
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TABLE 16.-Lengthfrequencies of the age groups of Saginaw Bay toalleyes of the 1943 collection

[Ages correspond to numbers of completed growing seasons]

Nnmber of fish b~' sox (M, male; F, female) in age-group-

Total length
Stand·

ard
length

III IV V VI VII VIII IX x XII XIII

M F M F M F M F M F M M F M F F F
---------1-------------------------------------
H.7 In . .. . .
15.5 In . . _
16.4 ill. ••• _
17.3 in . _
18.2 in .. _
19.1 ilL • . _
19.8 i1L • .• _
20.5 In. .... __
21.3 ilL • _•• • __
22.2 In . •. . _
23.1 ill.. _• • _
24.0 In . .... . _
24.8 In . '" _. _
25.7In '" _. _
26.6 in ..... __ • _
27.4 i1L __ • • _•.• __ • • _
28.3 in ._ .._. __ • . _. _
29.2 in • • _
30.1 in . . _. __ . _
30.9 in . __ . __ . . • . _

Mm.

~:; ~ -- ..;;. ----2- --"i' :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: ::::::
360 38 19 12 1 . . . . .• .. .•.•
380 38 18 17 6 1 • •••• __ •• ••• _
400 6 14 8 __ • ••• _ 2 • .___ 1 ••• . • •
419 •• _ 4 6 2 __ •••• 5 1 _•.• ••• .. .•. • •. • • •
438 •• •• 6 •• __ •••• 3 2 2 •• • J • • •• •
4f>S . •• __ . • 2 ••• • 3 __ ••• _ 1 _•• 1 ••• •• " ••
47S ••• •• • •••• 1 1 3 1 __•. • •• •.. .
497 •• • • __ •• __ ._•••• __• __ • _•• 9 1 1 1 _.,___ 3 • • _
516 • •• •• . __ •• _. .____ 2 .__ 1 . • •• __
536 ••• • .____ 1 1 . • •••
55tl ••• _ .. • .___ 1 .__ 1 ._. __
575 . • __ -. • __ - -. .• ••• __ •••• •••. _
595 ••• ••• __ •• •• • •• •• . _. •• ••• _ 1 1
614 - ---. __ . --. -- •• __ •••• __ •••• __ - - __ • ••• __ ._. •• • •• _. _
634 •• . - . •••. _•••• __._. •• . • • __ • _. • •• __
653 • - ••• __ - - __ • __ •••• • - ••• •• ••• • _
673 • • - • •••• __ ••• • • • • . • • • _. _
692 . __ . . . .. .. . . ... .. .... __ .. _. .__ J

TotaL .. .. __ . ._.__ 101 50 49 30 3 14 16 5 3 3

Averagetotallengt.h (In.) . . 111.4 17.0 17.5 18.6 18.5 21.:l 19.8 22.1 20.3 23.4 2O.:l :lI.2 24.6 :l2.3 25.0 26.5 28.9
Average standard length (mm.)___ 360 372 383 409 406 475 436 494 448 523 448 470 550 49\1 559 592 645

Percentage legal a(,-Ij-i pounds . . _
16li inches . . _
151.li Inches ._. _

41
1;3
91

70
80
1/8

80 00 ~ ~ ~ ~ ~ ~ ~ ~

88 97 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100

100 100
100 100
lUO 100

100
100
100

100
100
100

100
100
100

(02 percent). The maximum ages in completed
growing seasons, of undersized males under the
three limits were: 15% and 16% inches, 7; 1%
pounds, 8. A majority or nearly a majority of
female walleyes of the 19~6-30 samples reached
legal size in 5 seasons under the 15%-inch (84
percent) and 16lh-inch limits (49 percent) and in
6 yea-rs with the l~~-pound minimum (84 per
cent). The oldest undersized females were: 15%
inches, 5 seasons; 16% inches, 6; llj2 pounds, 7.
On the whole, males required in the neighborhood
of It year longer than females to attain legal size.

As the result of their much more rapid growth,
walleyes of the 1943 collection were predomi
nantly legal at a relatively enrly age (table 16).
Only one percentage was less than 50 (41 percent
of III-group males legal-sized under the Ilj2
pound limit) and not one fish that had completed
more than 4 growing seasons was undersized
under any of the three limits.

LENGTH DISTRIBUTION OF THE CATCH OF
IMPOUNDING NETS

The earlier data on age composition and the
length-frequency distributions of the age groups
were suffie-ient to make it apparent tJmt the lengths
of walleyes in random samples from commercial

impounding nets vary considerably not only from
year to year but also by seasons within a yea.r.
Information on the extent of this variation is sum
marized in tahle 17 which is based both on the
scale collections 11 and on t.he measurements of
large numbers of walleyes not employed in the
study of age or growth. The arrangement of the
table is sueh as to fncilitate the ready comparison
of the distributions of walleyes cnptured at the
same season but in different years. The rna-jor
sections illustrate the general trends within a year
from t.he spawning season (in early spring) to
autunm.

The spawning-run samples of 1927 and 1929
we·re distribute.d so irregularly that it is not pos
sible to discuss them in terms of f::ha,rp modes or
distinct trends.12 In 1927, walleyes were most

n Fish for which ages could not be determined (reading too
uncertain: scales with regenerated centers or otherwise defec·
tive) were Included In the preparation of the length destrlbutions
of table 17.

,. Transformations of data that were necessary to fit tlIe In·
formation on the 1929 spawning run Into table 17 have intro·
duced some irregnlarities that were not present In the original
measurements. Most of the walleyes of the colleetion were
measured to the nearest half centimeter of total length. When
these measurements were tabulatell in terms of centimeter Inter·
vals of standard length some Intervals Included two anrl otbllrs
three of The orIginal unlts of measnrement. At some Intervals
distortion from this SOurce was augmented by an apparent bias
in the original measurements favoring fUll over half centimeters.
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TotaL • 131 ".04 288 2,7871,372 313 745 162

-------1------------

A verage total
length (In.) 19.1 20.1 17.9 13.8 14.7 10.0 11.1 14.8

A vorage standard
lcngth (rum.) . 422 445 394 304 323 217 242 324

TABLE 17.-Length-frequency distribution of Saginaw
Bay walleyes accordt'ng to year and season of capture

[Random samples from commercial and experirnentallmpounding nets]

or 32 percent of the total) were longer than 19.3
inches. The larger walleyes were relatively even
more plentiful in the 1929 than in the 1927 spawn
ing run. For example, 56 percent (336 fish) of
the 1929 collection exceeded 10.3 inches as com
pared with the 32 percent in 1927. Fish less than
16 inches long were scarce in both yearS--Olily 5
in 1927 and 2 in 1929. The greater relative abun
dance of the larger fish in the 1929 spawning run
led to an average length (20.1 inches) 1 inch
greater than in 1927 (19.1 inches).

The 1943 collection, as explainecl previously
(p. 8), appears to have been intermediate be
tween the spawning-run and late-spring samples,
since it contained considerable numbers of imma
ture fish along with some adults that had not yet
spawned and more that were freshly spent. In
this sample the walleyes were rather well concen
trated toward the lower end of the length range.
The interval 15.8 to 11.6 inches included 175 fish,
or 61 percent of the total, and a distinct mode was
present at 17.1 inches. Only 101 (35 percent) of
the fish exceeded 17.6 inches. The mean length of
the 1943 walleyes (17.9 inches) was 1.2 and 2.2
inches, respectively, below the averages for the
bona fide spawning-run samples of 1927 and 1929.

The late-spring collections of 1929 and 1930 were
characterized by large numbers of smaller walleyes
with a scattering of larger individuals. In 1929,
2,34:9 walleyes, or 84.3 percent of the total, were
less than 16 inches long and in 1930, 1,057, or 77
percent of the entire collection, were below that
length. This situation contrasts sharply with that
in the spawning-run samples of 1927 and 1929 in
which a1most all walleyes were longer than 16
inches. The comparison between spawning-run
and late-spring collections of 1929 provides a par
ticularly striking illustration of the extensive
ehanges that can occur in the length distdbution
of samples in a matter of weeks.

Although the late-spring samples of 1929 and
1930 both e-ontained large numbers of the smaller
walleyes, they differed as to the distribution of
these shorter fish. In 1929, the numbers of the
lesser lengths increased with increase in length to
a mode at 10.5 inches, declined to a minimum at
11.8 inches, anel then increased again. The see-ond
interval with large numbers of fish was relatively
long (roughly 12.2 to 15.8 inches) and without
sharp peaks. The 1930 collection had the second,

'0 18
1 2fi
1 I ·18

AutumnLate
spring

55 10 12
75 12 17
96 21 30

Mm.151 • __ .. __ 2 __ • • • •
160 ._ .,___ 1 _. • ._
170 • •__ .___ 1 2
180 • • ._ 2 3 5
190 __ . ._ 8 2 26 12 2
200 • .__ 16 1 56 33 __ • __
209 ._ i1 11 76 72 1
219 ._!l4 9 86 123 1
229 ._. . __ Itl6 11 35 146 3
239 142 14 15 109 _
248 98 25 8 41 6
258 • 89 59 35 10
268 • 134 69 39 13
278 172 92 1 30 14
287 190 133 30 3
297 1 • __ 193 110 18 9
307 __ • , __ • 1 'L07 115 13 3
317 1 :121 119 9 5
326 4 218 107 12 7
336 2 ij 178 104 8 11
346 2 2 25 129 74 2 11
3M t1 14 29 68 70 20
365 10 26 41 57 60 7
375 11 69 51 59 36 15
385 11 21; 29 43 31 .___ 5
395 13 21 10 30 19 10
404 12 38 21 21 18 1 1 1
414 III 42 10 20 6 •• 1
424 11 30 8 7 6 1
434 :l 58 8 13 2 1
443 4 37 6 19 4 __ .. .__ 1
453 7 21 2 12 3 • •
463 3 23 5 8 8 1 •
473 7 38 2 15 7 . _
482 3 21 4 7 5 _
492 1 17 8 3 6 •
502 19 7 6 4 _
512 3 11 2 4 4 1
521 18 1 1 1 _
531 3!l 6 3 •
041 2 II 2 2 2 1 • •
551 1 10 2 2 1 • __
560 4 2 5 •• _
570 15 3 4 •
580 __ 3 2 _
MO 3 9 1 5 1 _
600 1 5 1 I ._. _
609 3 2 2 _
619 • • • 1 2 ._
r,29 1 2 __ • __ .____ _ ._. ._.

~~~ ::::: ::::: ::::: = ---i- ::::: :::::
658 -_ •• _
OIlS • _

~~ ::::: ::::: ---i- ::::: ::::: ::::: ::::: :::::

1927 1929 1943 1 1929 1930 1926 1928 1929

Spawning run
Standard

length I--;--~-I--,.--I--;--~-Totallcngth

Percentage legal
nt-

Hi pounds__ •• ._ •. 80 88
16~ Inches ._ 92 97
15!·~loclws_. !IS 100

I From late spawning ruIl.
, Less than 0.5 percent.

plentiful over the rn.nge,1316.6 to 19.3 inches, which
included 78 walleyes, or 60 percent of the entire
sample.. Most of the remaining fish (42 walleyes,

13 For convenience, statE'mt"llts of range in this SE'ction are
gil'en in terms of midpoints of the extreme intervals. It Is to he
understood that the actulIl range extends about 0.2 or 0.2:1 Inch
be)'ond each of these midpoints.

7.0 In • . __
7.410 • •
7.9In _
8.4 io _
8.8In _
9.3In • _
9.7 ilL. __ . _
10.1In. _
10.5 in _
10.9 in . _
11.3 io _
!l.8 in _
12.210 _
12.7 in _
13.110 _
13.5In _
14.0In _
14.510 • _
14.9 in __ • •__•
15.3In __ • • ._
15.8 in _
16.2 In. __ • __ • _• __ .•_
16.6In • . _
17.1 in • . _
17.61n • _
18.0In _
18.410 _
18.9In _
19.310 _
19.7In _
20.0In _
20.3 io . _
20.710 _
21.210 _
21.6 io • •
22.01n _
22.5 io • • __
22.910 _
23.3In. ._
23.810 _
24.2In •
24.7 in . _
25.1 io . _
25.5In _
25.910 _
26.4 In. • _
26.810. . ._
27.210 ._
27.7 in __ . ••
28.1 io _
22.6 in _
29.0 In . _
29.4In _
29.910 _
30.310 _
30.7 in ._, _
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long, flat concentration but lac.ked the first one
almost entirely. The difference between the 2
years can be attributed to the great scarcity of
II-group walleyes (weak 1928 year class-see p.
19). In the 1929 distribution the concentration
with a mode at 10.5 inches was made up principally
of It-group walleyes and the depression between
11 and 12 inches marks the transition from pre
dominance of age-group II to that of older fish.14

Age-group II was so sparsely represented in 1930,
however, that it did not form a distinct mode in
the lengt.h-frequency distribution of that year's
eollection. The scarcity of II-group walleyes was
the most. important en,llse of a higher mean length
in 1930 (14.7 inches) than in 1929 (13.8 inehes).

The tJlree fall collections agreed in that walleyes
above a length of about 18 inches were rare in all
of them. Below that length, however, the distri
butions varied widely. The 1926 sample was made
up almost exclusively of extremely small fish; 98
pereent £ell at 11.3 inches and less. This concen
tra.tion at small lengths ean be traeed'to the over
whelming dominance of age-group I (2 growing
seasons) in that year (table 4). The distribution
of the 1998 collection which contained a small but
appreciable representation of age-group II was
less concentrated although by far the bulk of the
sample (73 percent) still lay at 11.3 inches or less.
The smallest fish were as scarce in 1929 as they
were abundant in the earlier fall eollections. In
tervals at 11.3 inches and less included only 8
percent of the total collection. The bulk of the
walleyes (92 percent) were distributed irregularly
over the range, 11.8 t.o 18.0 inches. The scarcity of
I-group walleyes in the fall of 1929 11 is in agree
ment with that of the II group in 1930; both
groups were members of year-class 1928 which,
according to all evidence, was extremely weak.
The overwhelming dominance of age-group I in
1926, the presence of some older fish (espec.ially the
II group) in 1928, and the searcity of the I group
in 1929 account for successive increases in the mean
length of walleyes captured in the fall ,from 10.0
to 11.1 to 14.8 inches.

14 This sta tement Is supported hy age records for a large
sample of fish-see table 4 for the numbers in the different age
groups.

3. No seale collections were made In the fall of 1929. The
general size range of walleyes that had completed 2 growing
seasons can be considered well cstabllslled. however, from data
for other 1926-30 collections.

The percentage of legal-sized walleyes, of course,
varied enormollsly according to the mean lengths
and length distributions in the different selLsons
and years. Commercial fishermen could lutve re
tnined the bulk of the walleyes in the spawning
run samples of 1927 ancl1929 (80 and 88 percent,
respectively) even at the llh-pound size limit 16

then in effect. Under the limits that were sub
sequently in force (see p. 22 for statement of times
of chnnge of legal minimum size limits) they could
have kept even more (92 and 97 percent at 16%
inches; 98 and 100 percent at 151h inches). Most
of the walleyes (96 percent) of the 1943 late
spawning-run sample were of legal size under the
15th-inch minimum then in force. At 16% inches
75 percent and at Ph pounds only 55 percent could
have been retained.

The sorting of the catch of walleyes must have'
been an irritating task for the commercial fisher
men of Saginaw Bay in the late spring of 1929
and 1930 and the falls of 1926, 1928, and 1929.
Under the llh-pound limit only 10 and 12 percent,
respective.ly, of the tnke could be retained in the
two late-spring samples. A 161h-inch limit would
have been of some small benefit (increases to 12
and 17 percent) whereas a 151h-inch minimum
would have permitted better than a doubling of
the number of walleyes kept (21 and 30 percent) .17

In tJle 'fall of 1926 and of 1928 only a negligible
few of the walleyes were legal and no reasonable
lowering of the size limit could have benefited the
fishermen materially. In 1929, however, 18 per
cent were legal, at the l1h-pound limit and 26 and
48 percent respectively could have been marketed
lrgally at limits of 16lh and 15lh inches.

LENGTH-WEIGHT RELATION

GENERAL RELATION

Annual and seasonal fluctuations in the lengt.h
weight relation and variations related to sex, ma
turity' ltnd tlle state of organs have been observed
so frequently tJlat their occurrence can be accepted
us geneml. Because of these fluctuations, some of
which may be large, a curve based on fish captured

30 All estimates in table 17 of pereentages of legal-sized wall
eyes under the 1¥,,-pound limit were based on the length dis
tribntions. See footnote 10 for statement of procedure.

3. The high percentages of undersized walleyes In the catches
together with a strong market demand for the smaller fish must
have been responsible for the large-scale traffic In illegal-sized
walleyes that existed prior to the enactment of the 15¥,,-inch
limit.
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at one time may describe poorly the length-weight
relatiol1 at another time. From a practical stand
point, it is important to have a single curve that
best depicts the general relation even though the
curve IS not exact for any particular time. To
arrive at such a general relation, the most satis
factory procedure appears to lie in the lumping
togethp.r of the available materials regardless of
the year or season of capture, the sex, . . .. This
procedure was followed in the preparation of
table 18.

The calculated weights of table 18 were com
lmted by means of dIe following length-weight
equation which was fitted to the empirical mean
",'alues of length and weight for length intervals
represented by more than 5 fish:

W=1.376x 10-BL2.9S9,

.where W = weight in grams,
and L = standard length in millimeters.

In logarithmic form actually used for calculation
the equation is written:

log W=2.988737 log L-4.8613315.
The agreement between the empirical and com

puted weights of the Saginaw Bay walleye (table
18 and fig. 3) can be termed satisfactory. The dis
crepancy between the two did not exceed 0.03
pound at any point over the range, 7.0 to 16.6
inches (corresponding range of theoretical weight,
0.10 to 1.38 pounds) and was nil or only 0.01 pound
at 15 of the 23 inter\Tals. All discrepancies in ex
cess of 0.10 pound were at lengths greater than 19.3
inches (theoretical and empiricaJ weights both
2.16 pounds 'at that length) and even at these
larger sizes the maximum difference in an interval
represented by 10 or more fish was only 0.11 pound
(at 19.7 inches where the empirical weight was
2.43 pounds and the computed weight was 2.32
pounds) . Better agreement than that just de
scribed could ha.rdly be expected from heteroge
neous materials, particularly when one considers
the potential distorting effects of seasonal fluctua
tions in the length-weight relation (see next sec
tions) in combination with seasonal differences in
the length-frequency distributions (table 17).

The total lengths corresponding approximately
to certain computed weights of the Saginaw Ba.y
walleye are: 'h pound, 11.9 inches; 1 pound, 14.9
inches; 1% pounds, 17.1 inches; 2 pounds, 18.9
inehes; 3 pounds, 21.2 inches; 5 pounds, 25.2 ine-hes.

TABLE 18.-Length-weight relation 01 Saginaw Bay walleye
based on combined collections 01 JOeS-SO and 1043

[Lengths are board measurements equivalent to midpoints of centimeter
Intervals of standard length as measured with steel tape)

Weigbt Weight
Number of Total Stand-

ard Kfish length
Em-I Celeu- lengtb Em-I Caleu-

piriral lated I pirlcal lated I

------------
Milli-

raches Pounds Pounds mele,s f1ram. ({Tams2. ______________ 7.0 0.10 0.10 151 44 45 I. 28
1
~-- ._--~ --- ~ -.- 7.4 .09 .12 160 40 53 .98

.J 7.9 .16 .14 170 71 1M 1.45---- --- - --- -- -.-7_______________
8.4 .18 .17 180 82 76 1.4117.__ .__________
8.8 .19 .20 190 87 89 1.27

34______________ 9.3 .24 .23 200 107 104 1.34117_____________ 9.7 .26 .26 209 117 118 1.28207.. ______ . ____ 10.1 .30 .30 219 136 136 1.29254 _______ • _____
10.5 .34 .34 229 153 155 1.27217.. ___________ 10.9 .37 .39 239 170 In 1.25148 ___ ._____ . ___ 11.3 .42 ' .43 248 191 197 1.25179_____ •_______
11.8 .48 .49 258 219 222 1.28239_____________
12.2 .54 .55 268 246 249 1.28296_____________
12.7 .60 .m 278 270 278 1.26

g~t=:==:::===:
13.1 .66 .67 287 299 30G 1.26
13.5 .72 .75 297 3q ' 338 1. 25./332 ___ ._____• ___ 14.0 .81 .82 307 368 373 1.27353___ ._________
14.5 .89 .91 317 405 411 1. 27343____________ •
14.9 .97 .99 326 440 4-17 1. 27304____________ • 15.3 I. OS 1.08 336 4llO 489 1.29240 __________ . __ 15.8 1.1') 1.18 346 526 534 1. 27208_________ • ___ 16.2 1.29 I. 28 356 587 581 1.30170 _____________ 16.6 I. 41 I. 38 365 640 626 1.32

166___________ .. 17.1 I. 55 1.50 375 703 679 1.33

!J~::=:: :=::==:= 17.6 1.68 I. 62 385 760 734 1.33
18.0 I. 81 1.75 395 822 793 I. 3:1

Ij4. _____ • _•• __ •• 18.4 I. 88 1.87 404 854 848 1.3041._____________
18.9 2.09 2.01 414 946 912 1.3326. _____________ 19.3 2.16 2.16 424 979 980 I. 2828 _____ . ________
19.7 2.43 2.32 434 1,103 1,051 1.3531.________ . ____
20.0 2.53 2.46 443 1,150 1,117 1.32

~~---._--------- 20.3 2.60 2.63 453 1,180 1,194 1. 27
...._-._--.--- 20.7 2.91 2.81 463 1,319 1,275 1.3324._____________

21. 2 2.95 3.00 473 1,339 1,359 I. 27
18. __ .__ • _______ 21. 6 3.13 3.17 482 1,419 1,437 I. 27

l!~~~l~~m:~~~
22.0 3.38 3.37' 492 1,532 1,528 I. 29
22.5 3.63 3.68 502 1,648 1,6~3 1.30
22.9 3.84 3.80 512 1,741 1,122 1.30
23.3 4.27 4.00 521 1,937 1,814 I. 37
23.8 4.22 4.23 531 1,915 1,920 I. 28

r~~~~~~~~~~~~~
24.2 4.34 4.48 541 1,970 2,030 1.24
24.7 4.98 4.73 551 2,257 2,144 1.35
2.~.1 4.59 4.96 560 2,082 2,251 1.19
25. ,) 5.08 5.23 570 2,305 2,373 1.24

:-. - ------- -. _.- 25.9 4.45 5.51 Ii80 2,O~U 2,499 I. 04

2:~: :::::::::::: 26.4 5.68 5.80 590 2.575 2.1}.30 1. 2.=;
26.8 6.33 6.10 600 2,870 2. ;66 I. 334______• ________
27.2 6.42 6.38 609 2,913 2,892 I. 294___

..._----.- .. 27.7 6. ;4 6.69 619 3,068 3,036 1.29
q

28.1 7.25 7.02 629 3,289 3,185 I. 32a::::===::::===: 28.6 6.73 7.36 639 3,052 3,339 1.171.______________
30.7 8.91 9.14 687 4,040 4,146 1. 25

I See text for equation uscd to determine calculated weights.

The heaviest fish of the combined samples (taken
in 1943) had an actual weight of 8.91 pounds and
a calculated weight of 9.14 pounds at the length
of 30.7 inches. The weight corresponding to the
present legal minimum length of 15% inches is
1.12 pounds. The sizl' limit of 1~ pounds, in effect
at the time of collection of the 1926-30 samples
was equivalent to total length of 17.1 inches, and
the 1933-38 minimum legal length of 16:1h inches
corresponded to a wf'ight of 1.36 pounds.

Since the value of the exponent in the length
weight equation (2.9~9) was so close to 3, no dis
tinct trend was to be anticipated in the variation
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FIGURE 3.-Length-wei~ht relation of the Saginaw Bay walleye. The dots represent the empirical data of table 18.
The smooth curve is the graph of the length-weight equation given in the text.

of the coefficient of condition, K,ls with increase of
length. (If the value of the exponent is 'n, K varies
as the n-3 power of the length.) The actual
values of K (of table 18) conform to this expec
tation. The mean value of the coefficient for all
fish was 1.28. The weight of the walleye seems
to be relatively light.er in Saginaw Bay than in
Lake of the Woods for which Carlander (1945)
reported an average K Qf 1.47 and in Trout Lake,
Wis., where the mean coefficient was 1.45 (Schloe.
mer and Lorch 1942).

FLUCTUATIONS OF WEIGHT IN LATE-SPRING
COLLECTIONS

The frequent sampling during late spring of
19~9 and of 1930 has made it possible to investi-

lVX 11)G
'8 K=--. where W=weight in grams, and L=standard

L8
length in millimeters.

gate short-term fluctuations in the weights of wall
eyes captured in the same nets 19 over periods of
approximately () weeks and 2 months. Attention
will be given first to the data for 1930 since for that
year's collections alone were records of sex and
maturity available for the individual fish. It is
considered desirable to establish the degree to
which those factors may affect data on the le.ngth
weight relation during the late-spring period.

The preliminary tabulations of the 1930 data
brought out the following points: In fish of the
same collection no consistent differences occurred
between the weights of mature and immature
males of corresponding length or between males
and immature females; mature females tended

,. The 1929 and 1930 l'ollections were from experimental pound
nets fished near Bay Port.
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to be somewhat heavier than males and immature
females (exceptions to t.his trend can be ascribed
to inadequate numbers of fish) ; the length-weight
relation varied but little within two individual
periods, April 25-May 13 and May 19-June 20;
walleyes captured during the ea.rlier of these two
periods were distinctly the heavier for their length.

The. consistency with which weights we.re higher
in the collections of April 25-May 13 than in those
of May 19-June.20 may be seen in table 19 (here
data are recorded separately for males and im
mature females despite the small differences be
tween the two groups). Not one exception is to
be found even though some of the weights were
based on only one or a few fish.2o Furthermore, the
percentage advantage of walleyes of the April 25
May 13 samples over the May 19-June 20 fish
tended to group closely about a chara~teristic

value; 27 of 38 values were within the range, 15
to 25 percent, and most of the 11 percentages out
side that range came from comparisons based on
small numbers of specimens. The umveighted

III The table covers the range of length over which at least one
of the three categories was represented by 5 fish or more in both
the April 25-May 13 and May 19-June 20 periods. At an Inter
val meeling this requirement data were Included for the rcmaln
Ing categoril.'s even though the numbers of 1Ish were less than fh-e.

mean values of the percentages were almost iden
tical for the three series of comparisons: males,
20.4 percent; immature females, 10.3 percent; ma
ture females, 19.7 percent. There is no indication
that the relative advantage of the walleyes col
lected April 25-May 13 varied with the length of
the fish except possibly in the immature females
where the percentages of the last three length in
tervals were much lower than those of shorter fish.
Comments on the possible explanation for a de
cline of approximately 20 percent in the weight
of walleyes within a period of 6 days 21 will be
deferred until after the presentation of the data
on short-term fluctuations in weight during the
spring of 1929.

Changes in the average weights of walleyes cap
tured in t.he experimental pound nets at Bay Port
in 1929 (table 20), although generally smaller
than those of 1930, occurred several times rather
than once during the collecting season. At the
beginning of the collecting period (May 8-15) the
walle.yes were of intermediate weight but still on

.. That a change In the weight composition was occurring be·
tween lIlay 13 and 19 was Indicated by small numbers of 1Ish
taken May 15 and 17. The weights of these fish tended to be
Intermediate to those of walleyes of the April 25-lIfny 13 and
!\fay 19-June ~O periods.

TABLE 19.-Comparisot& of weights of Saginaw Bay walleyes capltlred April 2o-May 13 and May 19-Jzme 20, 1930

rFigures In par~nthe"l.'s listed ulld~r average weight are t.he numher 01 specimens and under ditTorenee 'Lr~ t.hl.' perc,entage advantage 01 fish captured April 25-MflY
13 over those taken Mar I9-JulIo:lO)

Weight 01 males Weight 01 immature females Weight of mature females

Standard length Total
length Average, Average, Differ- A"erage, Average, DitTer· Average, Average, Differ·'\1'1'1125- May 10- ellce April 25- i\olay 19- enco April 25- i\l,~y 19- eneeMay 13 June 20 May 13 JUlle :!O May 13 JUlle 20

---------------------------
Inch" 0,.nre8 Ounces Ounces 0,,·nre8 Ounce8 OunCt8 Ounces Ounces Ounces248 mm ___ • _____ ---- - _____ •____________ • ____ •• _____ 11.3 7.3 5.8 1.5 8.0 5.7 .J 3 _.. _----_ .. .._------- ----------

(6) (.~) (25.9) (1) (8) (40~4) ---------- .. _-------- - .. 00 .. ____ - ..258 mm ___________________ • ____________ • ____ •• _. __ •
11.8 8.6 6.9 1.7 ll.2 6.7 L.5 ----_ .. _.. _- ---------- .. _.. _------

(9) (IS) (24.6) (5) (14) (22. 4) ------- ..... ---------- --- .. ------2tiS mm _________ •• _____________ •________ • _____ • _____
12.2 9.6 S.1 L.5 9.4 8.1 1.3 --_ ..--_ .. -. ---------- ----------

(12) (23) (IS. 5) (2) (20) (16. OJ -------_ .. - --_ ..._--- ----------278 mm ______ ••___ . ___ •____________••. _____ . _____ ._ 12.7 10.1 8.11 1.5 11.0 8.7 2.3 -----_ ... -- ---------- --------- ..
(14) (25) (17.4) (7) (27) (26.4) -------i:2287 mm __ • __ . ___________ . _. ____________ • ___________

13.1 11. 3 9.5 1.8 11.6 9.8 1.8 12.2 11.0
(37) (40) (18.9) (10) (27) (18.4) (1) (2) (10.0)297 mm __ • ________ •___ • ___________ •____ • ___________

13.5 12.5 10.7 1.8 12.3 10.6 1.7 ------- .. -- ---------- ----------
(2S) (27) (10.8) (lO) (36) (16.0) ----·iaT ._-----_.- ----------307 mOl _____ •__________ •____ • __ •_______ •__________ •

14.0 14.0 11. 7 2.3 14.6 11.8 2.8 1I.5 2.3
(32) (28) (19.7) (20) (19) (23.7) (I) (2) (20.0)317 mm_. ____ • __ •• _________ •__ •____ •__ •__ • _. __ •____ 14.5 15.4 12.8 2.6 15.0 12.6 Z.4: ._-------- ----_._-_. ---_._----
(42) (19) (20.3) (19) (17) (19.0)

--·----a~a326 mm_ ••• ___ •____ • _____ •_. __ •_______ •• ___________ 14.9 16.9 13.0 3.9 17.6 14.1 3.5 17.8 14.5
(31) (15) (30.0) (21) (26) (24.8) (1) (5) (22.8)336 mm. ___________________ • _______ • __ •__ •• ________

15.3 18.3 15.6 2.7 18.4 15.6 2.8 18.8 15.6 3.2
(36) (l7l (17.3) (19) (12) (17.9) (3) (3) (20.5)346 mm __________________ • __________ • __ •__ •_____ ._.

15.8 19.6 16.7 2.9 20.9 17.2 3.7 21. 9 17.5 4.4
(26) (i) (Ii. 4) (9) (20) (21. 5) (4) (3) (25.1)

3.~6 mm. _________________ • _____ •__ •_____ • _______ • __
16.2 21. 7 17.7 4.0 20.6 lS.7 1.9 23.1 18.5 4.6

(l5) (8) (22.6) (13) (l3) (J0.21 (10) (4) (24.9)365 rom ______________________ • _______ ._.________ • __
16.6 23.6 20.5 3.1 20.3 19.6 0.7 24.4 19.3 5.1

(17) (9) (15. I) (6) (1I) (3.6) (9) (2) (26.4)375 0101 ________ • ___________ • ____ • _____ • __________ ._
17.1 25.3 21.3 4.0 25.5 23.2 ~.3 26.3 24.1 2.2

(11) (6) (18.8) (I) (3) (9.9) (Ill (4) (9.1)385 mm ______________ • _____ •______ •________________
17.6 28.8 23.5 5.3 -------·--1 29.9 25.5 4.4

(8) (1) (22.6) --_ .._---- (12) (9) (17.3)

294301-54--4
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TABLE 20.-Comparison of the weights of Saginaw Bay
walleyes, sexes combined, captured on IJariotls dates, l1fay
and June 1929

[Nllmber of specimens In·parentheses]

TABLE 21.-Nwnber of length itl-terl)a~s at which the walleyeS
of filJe. collecting periods held particular ra·nks with respect
to alJera,ge we£glit .

[Based on data of table 20)

-------1·---------------
L .• • ••_. •• . 14~ •• IH
2. • • 4 lY.i t ~~i

~:::::::::::::::::::::: It ---·--0· .. --.--.---- 8 1
5. __ . . __ .. _.. _.. 10 6

---------------
Avcrlll!:c rank._.. 2. 8 4.6 1.1 4.2 2.3

of the 1(; intervals and were tied for first rank
with fish of June 12-18 in the remaining 3. May
29-31, therefore, held first rank 14% times and
second 11/~ times. Each of the remaining collect
ing periods held its "e-haracteristic" ranking in
at least half of the length intervals. Thus fish of
the June 12-18 samples were second 9% times;
those of May 8-15, third 11 times; those of June
3-8, fourth 8 times; and those of May 17-27, fifth
10 times.

The chance is remote that differences from one
period to another in the composition of the sam
ples with respect to sex and maturity had an ap
preciable effect on the 19~9 data. From the 1930
data it was determined that no large or consistent
differences existed among the weights of mature
males, immature males, and immature females of
corresponding length. Only differences in the
relative abundance of mature females (which
tended to be heavier in 1930 than males and inuna
ture females), therefore, could be expected to in-·
fiuence the average weights. In 1929, however,
most of the 16 length intervals for which data were
available were in a range over which mature fe
males were lacking or scarce (table 47).

It is not believed that the observed short-term
fiuctnations in the average weights of walleyes in
the 1929 and 1930 late-spring samples refiect cor
responding losses and gains of weight by individ
ual fish. In 1930, for example, it could hardly be
expected that the weight should drop 20 percent
from May 13 to May 19, even under conditions of
total starvation. The changes were less extreme
in 1929 (5 to 12% percent) but even here it is dif
fie-ult to believe that the environmental factors
contributing to gain or loss of weight were subject
to the sudden and sharp changes that would be
required to explain the alternating periods of high
and low weight.

Average "\Velght of fish caught during perlod-
Standard Tot.nl

length length May&- May 17- May 29- June 3-8 June 12-
15 27 31 18

---------------
Inche8 Olmce8 Ounces Ounce8 OUlICrs OUlICC8

209 mm••... 9.7 4.1 3.8 4.3 4.0 4.3
(12) (271 (12) (12) 1.8)

219 mm..••. 10.1 4.5 4.4 .~. 3 4.4 4.9
(211 (56) (14) (m (10)

229 mm•.. __ 10.5 5.2 5.1 5.6 5.0 5.4
(27) (SO) (19) (2.;) m)

239mm .._•• 10.9 6.1 5.8 6. ·1 5.7 6.0
(20) (~5) (7) (141 (111)

248 mm__._. 11.3 6.6 6.3 7.8 ll.6 6.7
(11) (49) (9) (13) (16)

258 mm..___ 11.8 7.9 7.2 8.1 7.5 7.9
(11) (35) (20) (6) (li)

268 mm..___ 12.2 8.6 8.1 9.4 8.2 8.9
(23) (47) (23) (19) (22)

278 mm__•__ 12.7 9.6 9.2 10.5 9.0 0.8
(28) (65) (25) (20) (34)

287 mm .._•. 13.1 10.6 10.1 11.4 111.3 10.7
(:J-l) (6U) (26) (32) (39)

297 mm•.• __ 13.5 12.0 11.2 12.1 11.2 11.9
(19) (84) (3(1) (30) (30)

307 mm_____ 14.0 13.1 12. 7 14.0 12.3 13.2
(32) (71) (24) (49) (31)

317 mm_•• __ 14.5 1-1.2 13.7 14.Y 14.2 14.9
(40) (85) (34) (42) (20)

326 mm.•••• 14.9 16.2 15.1 16.3 14.8 15.3
(41) (96) (14) (52) (15)

336 mm.__ •• 15.3 17.1 16.5 17.6 16.8 17.6
(33) (74) (19) (32) (20)

346 mID._._. 15.8 18.3 17.6 18.7 18.1 18.3
(28) (6l) (4) (28) (8)

356 mm.____ 16.2 20.2 19.3 22.2 20.4 19.4
(15) (48) (6) (14) (5)

the average 5.0 percent 22 heavier than fish cap
tured May 17-27. The highest level of weight
was attained May 29-31. Walleyes captmed in
this period averaged 12.5 percent heavier than fish
of the May 17-27 collections and 10.9 percent
heavier than those taken June 3-8. Another in
crease of weight occurred June 12-18.

In the 1929 data, as in the 1930, the variations
of average weight were remarkably consistent.
In the entire table only one exception is to be found
with respect to the characteristic direction of
change of weight in a particular period; at 16.2
inches the walleyes of June 12-18 averaged
smaller, not heavier than fish of the preceding
period. This average was based, however, on only
5 specimens.23 Nor does the consistency end here.
At the various length intervals the average
weights for the five periods tended to fall in the
same order of rank (table 21). As an illustration,
walleyes collected May 29-31 were heaviest in 13

II Unwelghted mean of tbe percentages for tbe Indlviduallengtb
Intervals; percentages not included in tbe table.

D'l'he range of length covered by table 20 was determined from
the requirement that each anrage weigbt he based on five or
more fish. One exception was made for tbe average at 15.8
inches in the May 29-31 samples.

Rank
Number of times a rank WllS held-

May &-15 1.May 17-27 May 29-31 June 3-8 June 12-18
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Fluctuations from period to period in the weight
of the stomach contents could produce "apparent"
changes in the weight of the whole fish, but this
explanation, too, appears to be far from adequate,
especially for 1930 when we should have to hy
pothesize stomachs stuffed to bursting, April 25
May 13, and almost totally ullSuccessful foraging,
May 19-June 20. A similar explanation for the
fluctuations of weight in 1929 may impose a lesser
strain on the investigator's credulity. Even so the
large and frequent fluctuations of feeding activity
that would have to be postulated are too great to
mnke the explanation attractive.

It is believed that the fluctuations of weight of
Saginaw Bay walleyes in late spring in 1929 and
in 1930 can be explained most logically by the as
sumption that the population is heterogeneous
with respect to the length-weight relation and that
different segments of that population dominated
the samples during different periods. Specula
tion as to the source of this heterogeneity, whether
it be hereditary or ecological, and as to the basis
of the segregation of elements with different
length-weight relationships would not be profit
able.

The numbers of walleyes measured in the fall
(November 7-December 1, 1928, and October 15
November 21, 1929) were too few to permit de
tailed analysis but such data as were available
failed to indicate the existence of short-term fluc-

tuations comparable to those of late spring in 1929
and 1930. No data are available on fluctuation of
weight during the spnwning period."

DIFFERENCES BETWEEN SPRING AND FALL
WEIGHTS

The grand average weights for all walleyes col
lected in late spring of 1929 and of 1930 (tabula
tion not presented here) revealed that at most
lengths the fish were somewhat the heavier in the
former year. These annual differences were small,
however, in relation to the within-season fluctua
tions; the combination of the data for 1929 and
1930 to obtain a general estimate of the length
weight relation in late spring (table 21) accord
ingly was held to be legitimate. The fall collec
tions likewise exhibited annual differences, for at
most lengths fish captUl'ed in 1929 were a little
heavier than those taken in 1928. Again a combi
nation of materials has been considered justified
since in both autumns the walleyes were notably
heavier than in late spring of either 1929 or 1930.

It may be seen from table 22 that without ex
ception walleyes collected in the fall were heavier
than fish of corresponding length taken in late
spring. The examination of the percentage ad
vantages of the autumn-caught fish reveals that

so The only collection containing spawning fish for which
weights were recorded was that of May 4, 1943. Even this sample
perhaps shOUld be designated as Intermediate between a true
spawning and a postspawning collection.

TABLE 22.-Comparison of weights of Saginaw Bay waUeyes, sexes combitled, captured in the fall and spring

[Figures in parentheses listed under average weight are number of specimens and under difference the percentage advantage of fish captured In fllll over
those taken In spring]

Weight Weight

Standard length Total Stand:l1'd length Total
length Average Avcrage Differ- length Average Avcral!:e Differ-

in fall I inspring t ence in Inll' insprlng t ence
--- ---------

Inche, Ounce, Ounct, Ounce, Inche, Ounce, Ounce, Ounce,
190 mm___________________________ 8.8 3.6 2.7 0.9

297 mm___________________________
13.5 13.0 11. 4 1.6

200 mm___________________________ (7) (l0) (33.3) (18) (303) (14.0)
11.3 3.11 3.6 0.3

307 mm___________________________
14.0 13.6 13.0 0.5

2011 mm___________________________
11.7

(17) (17) (8.3) (9) (322) (3.8)
4.4 4.0 0.4

317 mm___________________________
14.5 15.8 14.2 1.6

2111 mm___________________________ (35) (82) (10.0) (12) (340) (11.3)
10.1 5.2 4.6 0.6

326 mm___________________________
14.11 17.5 15.4 2.1

2211 mm___________________________ (84) (123) (13.0) (14) (325) (13.6)
10.5 5.11 5.2 0.7

336 mm___________________________
15.3 20.5 17.1 3.4

239 mm___________________________ (77) (1m (13.5) (16) (282) (19.9)
10.9 6.5 5.8 0.7

346 mm ___________________________
15.8 21.9 18.3 3.6

248 mm___________________________ (61) (156) (12.1) (12) (203) (19.7)
11.3 7.5 6.6 0.9

356 mm______________•__ •_________ 16.2 24.1 20.1 4.0
258 mm___________________________

11.8
(25) (123) (13.6) (21) (158) (19.9)
8.4 7.6 0.8

365 mm_______________•___________
16.6 25.9 21.9 4.0

268 mm______________•____________ (30) (148) (10.5) (8) (I~ll (18.3)
12. 2 9.6 8.5 1.1 375 mm______ •__________•_______ ._ 17.1 28.6 23.8 4.8

278 mm___________________________ (36) (203) (12.9) (16) (99) (20.2)
12. 7 10.3 9.4 0.9

385 mm___________________________
17.6 28.6 26.4 2.2

287 mm______________________•____
13.1

(32) (264) (9.6) (5) (85) (8.3)
11.7 10.5 1.2

395 mm_____________________•______
18.0 34.2 27.8 6.4

(21) (323) (11.4) (10) (52) (23. 0)

I Includes tish captured Nov. 7-Dec. 1,1928, and Oct. la-Nov. 21,1929. t Includes /Ish captured May &-June 18, 1929, and Apr. 25-June 20, 1930.
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their values tended to be higher at 15.3 inches or
longer than at the lesser lengths, but that within
each of these ranges the percentages clustered
rather closely about a characteristic value. Over
the range, 8.8 to 14.9 inehes, the unweighted mean
pereentage was 12.7 and 11 of the 15 individual
values were from 10.0 to 14.0 percent. The two
extreme deviations from the mean-33.3 pereent
at 8.8 inehes and 3.8 percent at 14.0 inches-both
came from comparisons in whieh one of the aver
age weights was based on fewer than 10 fish. At
15.3 to 18.0 inches the mean percentnge was 18.5
and 6 of the 7 individual values were within the
range of 18.3 to 23.0 percent. Again the outstand
ing exception-8.3 pereent at 17.6 inches-can be
attributed to inadequate data since the avera.ge
weight for fall walleyes was determined from only
5 specimens.

EFFECT OF Ll'MPHOCYSTIS INFECTION ON
WEIGHT

The incidence of LY"/I/'phocys/is in the Saginltw
Bay walleye was relatively high in the fall of 1942
and the spring of H,43. Although no quantitative
data on its occurrence were obtained in 1942, casual
observations indicated that the infection was rela
tively more frequent that fall than in the follow
ing spring. Of the 288 walleyes in the sample from
which scales were taken on May 4, 1943, 19, or G.6
percent, were infected.

During visits to Bay Port in mid-November
1942 and early May 1943 the weights of infected
walleyes were compared with those of sound fish.
The infected fish included, in nddition to the 19
specimens mentioned abo\Te, legal-sized walleyes
that had been discarded by commercial fishermen
as unmarketable and lUldersized fish that had been
brought ashore under special authorization from.
Michigan law-enforcement officials. The sound
fish were in part from the collection of May 4,
1943, and in part were weighed during the course
of filleting experiments condueted in November
1942 and Ma.y 1943 (see Krumholz 1945, for an
aecount of those experiments) .

The average weights of sound walleyes exceeded
those of fish infeeted with Lym.pllOcystis n.t 13 of
14 lengths in November 1042 and at 18 of 19
lengths in :May 1943 (table 23). The percentage
advantage of the sound over the diseased fish
varied widely as should be expected in view of the
small numbers on which some of the average

weights were based. At most lengths with the
better numerical representation, however, the per
centage was below 10. The weighted-mean per
centage (see footnote 2 of the table) was 5.6 for
the November 1942 samples and 6.6 for the May
1f) W. The differences between the weights of
sound and diseased walleyes doubtless would have
been greater had the "warty" growths been re
moved from the latter before they were weighed.

TABLE 23.-Comparison of weights of Sagi-naw Bay walleyes
injected with Lymphocystis wtth weights of uninJected
fish collected on the same dates

[Figures lu parentheses under average weight are the numbers of specimens
and under dilferenee the percentage difference of weight. Weights given
In ounces]

November 12-16, 1942 May 3-5, 1943

Total Average A"ersge Average Average
length weight weight Differ· weight weight Differ·of of un· ellce I of of un· cnce Iinfected Infected Inleeted Infected

fish fish fish fish

---------------
13H In______ 12.5 13.9 1.4 10.5 12.7 2.2

0) (6) (ll.2) (1) (8) (21.0)
14 in._. _____ 12.9 13.4 0.5 12.5 13.9 1.4

(10) (11) (3.9) (1) (17) (11.2)
14)~ 111.. ____ 14.2 15.0 0.8 12.0 14.8 2.8

(8) (17) (5.6) 0) (19) (23.3)
14!:i in._._ •• 15.9 15.5 -0.4 14.2 15.9 1.7

(9) (22) (-2.5) (4) (26) (12.0)
14~,{ In______ 16.3 16.9 0.6 15.2 16.3 1.1

(15) (21) (3.7) (2) (25) (7.2)
151n___ •• _•• 17.5 17.6 0.1 15.4 17.3 1.9

1.28) (19) (0.6) (8) (29) (12.3)
15!~ In_••••• 18.5 18.8 0.3 16.6 17.7 1.1

(27) lI9) (1.6) (ll) (22) (6.6)
15)2 in______ 19.4 20.3 0.9 18.3 19.1 0.8

(26) (16) (4.6) (14) (25) (4.4)
15~i In. ____ • 19.3 21. 7 2.4 18.1 19.8 1.7

(31) (20) (12.4) (14) (20) (9.4)
16 in._._._._ 21.0 22.5 1.5 20.0 21. 2 1.2

(30) (17) (7.1) (18) (25) (6.0)
16~ 1n______ 21.9 23.0 1.1 21.2 21.8 0.6

(8) (17) (5.0) (6) (30) (2.8)
16)2 1n _____ • 22.7 24.8 2.1 22. 3 23.0 0.7

(24) lI8) (9.3) (13) (32) (3.1)
16~~ in••• _._ 23.7 25.9 2.2 23.2 24.7 1.5

(ll) (ll) (9.3) (2) (37) (6.5)
17 In_•• _____ 23.8 26.5 2.7 22.4 24.9 2.5

(9) (11) (11.3) (4) (36) (11.2)
ji~.i ina __ ... 27.2 26.1 -1.1

_...... _---- ---------- ---------- (3) (29) (-4.0)
17~i In_____ • 21.5 28.6 7.1

---------- ---------- ---------- (1) (12) (33.0)
18In_•• _. ___ 28.0 30.3 2.3

-_ .. ------ ---------- ---------- (1) Ill) (8.2)
18!"!! In_ •• ___ 32.0 32.3 0.3

---------- .._------- ----_ ..... (2) (11) (0.9)
19~. in. _____ 31.5 40.6 9.1

-------_ .. ---------- ---------- (1) (6) (28.9)------
--5.-0\===

------
Avcrage '_ 6.6

I Advantage of sound over Infected fish.
, Weighted mean percentages for all fish. The weight for each percentage

was the product of the numbcrs of Infected and unlnleeted fish. For ex
ample. the percentage 3.9 at 14 inches In November 1942 received the weight
10Xll=1I0.

CALCULATED GROWTH

GROWTH IN LENGTH

Since, as was explained previously (p. 20),
differences (other than those that could be ascribed
to inadequate numbers of fish in the samples) in
the growth of walleyes of the same age in the
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1926-30 collections but taken in different years
could be explained on the basis of annual fluctua
tions in growth rate and members of the same year
class ca.ptured at different ages in general had
closely similar growth, it is not desirable to pre
sent the large amount of tabular material required
to show the calculated growth history of each age
group in each year's collection. Presentation of
data on calculnted growth in length, accordingly,
has been limited to the growth histories of the in
dividual year classes. To obtain the data of tables
24 and 25, the calculated lengths of all age groups
belonging to the same year class were combined.25

In the computation of the growth history of a year
class, weighted means of the calculated lengths
were employed up to and including the length at
capture of the youngest age grollp. The later
calculat.ed lengths were det.ermined by successive
addition of the weighted-menn-annua.l increments
of length.

The calculated lengths of the year classes at
corresponding years of life varied rn.ther widely.
This variation followed a distinct pat.t.ern which
was similnr for the sexes. Among the walleyes
of the 1996-30 collections (yenr-clnss 1928 and

earlier) the older year clnsses had the higher cal
culated lengths. From the generally high levels
of the earlier year classes, the. calculated lengths
shtrted on a downward trend, usually with the
year class of 1917 or 1918; the onset of the trend
varied somewhat according to year of life. The
lowest general level of growth was exhibited by
year-class 192-4:. Year-classes 1925 to 1928 grew
faster than the 1924 year class but more poorly
than the year classes before 1924 (exception in the
second-year calculated lengt.h of females of year~

class 1915) .26

In the examination of tables 24 and 25 to ascer
tn5n the extent of the variations of the average
calculated lengt.hs in the 1926-'30 collections, atten
tion should be centered on year-classes 1918 to
1928 for the males and 1916 to 1928 for the females
as the earlier year classes were represented by
only 1 to 4 fish. Among the males the range of
the average calculated lengths rose from 1.9
inches at the end of the first year of life (maxi
mum of 7.7 inches and minimum of 5.8) to· 3.2
inches at the end of 4 years and thereafter de
clined to 0.2 inch at the end of 10. The increase
of range during the early years indicates an in-

.. Only one age group was represented In each year class Inter
than 1928.

::II The reintlon of tllis general pnttern of growth to annual
fluctuations In growth rate will he brought out later.

TABLE 24.-Calc1/latcd growth -in length of the males of the year classes of Sag-inaw Bay walleyes

141312111098765

Calculated totnllength (inches) at end of year of life-

43

NUIll
bel' or 1--,-----,----,-----,--.,-----,--,----,----,--.....---;----,-----,-
flsll

Year class

--------1---------------------------------------------.

---i:5:.i" ---i7:7- ---i9:i- ---2i):i- ---20:8- ---:ii::i- ---:ii:7- ---22:3- :::::::: :::::::: :::::::: ::::::::
13. 7 1~.8 17.6 18.8 19.6 20.4 21.2 ••• __• •• __
15.0 16.5 18.0 19.0 111.6 20.2 •• ._ • _
14.4 16.6 18. 0 19.3 20.3 • • _
14.9 17.1 18.7 19.8 • • • • _
1~.1 17.3 18.5 • • ,. ••• _
1~.1 17.5 • _
16.4 ._

1914 . _
1915 . _
1916 _
11117. .. _
1918 _
1919 _
192(L • _
1921. •
1922.. _
1923 _
1924 _
1925. . _
1926 _
1927_. ._
19?8 _
1933 _
1934 • _
193~ . _
1936 . _
1937_.. _
1938 _
1939 _
1040 _

1
2
2
4

12
36
55
85

H?
66
12

2.;9
250
IG2
17
3
3
2
5

14
3

49
IIll

6.3
7.2
7.4
7.6
7.4
7.2
7.2
7.7
7.5
7.4
5.8
6.1
5.8
6.3
6.5
7.3
6.5
5.4
5.5
6.2
6.6
5.7
6.9

12.1
10.3
10.9
12.0
11. 7
1l.5
11. 2
H.5
11. 2
H.1
9.5
9.9
9.7

10.5
10.3
12.3
1l.4
11. 2
10.8
11. 0
H.2
10.7
13.0

14.6
13.2
14.0
14.7
14.3
14.3
13.8
14.0
13.3
14.0
H.5
12.4
12.6
12.6

17.2
15.5
16.5
16.9
16.1
16.5
1~. 7
1~. 5
15.3
15.6
13.3
14.6
14.3

18.1
16.6
18.0
18.3
17.6
Ii. 5
16.9
16.6
16.5
16.8
14.9
15.9

18.9
17.6
19.6
19.6
18.5
18.3
17.7
17.5
17.3
17.6
16.1

19.8
18.4
20.7
20.6
19.2
19.1
18.4
18.1
18.0
18.3

20.2
19.2
21. 5
20.8
19.8
19. j
18.9
18.7
18.9

20.8
19.8
22.3
21.3
20.3
20.1
19.5

21.1
20.2
.22.9
21. 9
20.7
20.5

21. 5
20.5
23.4
22.3
21.1

21. 9 22. 2 ~_

20.7 20.9 21.3
23.7 24.0 •22.8 __ • _

------------------------------Year-classes 1914-28: I
Standard length (mm.)_ ----- ... 144 234 293 336 365 385 401 415 428 440 451 460 468 476Totallengtb (In.) _______ 6.7 10.7 13.4 15.3 16.6 17.6 18.3 18.9 19.5 20.0 20.4 20.7 21.0 21.3Increment. _____________ ---.---. 6.7 4.0 2.7 1.9 1.3 1.0 .7 .6 .6 .5 .4 .3 .3 .3

Year·classes 1933-40: I
Sl.andard length (mm.) _
Totnllength (iD.) _
Increment. _

139
6.4
6.4

264
12.0
5.6

346
15.8
3.8

396
18.1
2.3

430
19.5
1.4

456
20.6

1.1

476 491 507
2\.4 21. 9 22. 7

.8 .5 .8

521 _
23.3 •

.6 • • • _

I See text for method of deriving these general growth data.
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TABLE 25.-Calculated growth in length of the females of the year classes of Sa.ginaw Bay walleyes

Year class
Colculated total length (Inches) at end of year of life-

~F~I--....,----;~-....---;--.-----r---.---.---.---.---;---,...--r--.---
1 2 3 4 Ii 6 7 8 9 10 11 12 13 14 15

------1----1--------------------------------
m6 ~2 ~9 ~5 nl ~7 ~5 ~9 ~4 ~9
21. 6 22.9 23.6 24.8 25. 4 ~6. 1 25.7 27.0 27.4 __ •__•••
21.1 ~2. 2 23.0 23.9 24.5 25.2 25. 7 26.2 • • • •
21.5 22.5 23.2 23.9 24.4 24.9 25.3 _
21.0 21.9 22.6 23.4 24.1 24.7 25.4 •••_
20.7 21.6 22.3 22.8 23.5 24.0 •
20.2 20.9 21.5 22. 3 22.9 • • _
19.4 20.3 20.9 21.6 • _
19.4 20.4 21.2 _
19.7 20.5 • _
17.5 • • _

17.9
19.7
19.5
19.9
19.6
19.4
19.1
18.1
18.1
18.6
16.1
16.3

17.0
17.4
17.6
17.8
17.6
17.8
17.4
16.4
16.4
16.7
14.3
15.0
14.6

14.8
15.5
15.5
15.5
15.1
15.2
15.2
14.6
14.0
14.5
12.1
12.7
12. 8
12. 7

12.4
12.0
12.4
12. 3
11.9
11.9
12.1
11.9
11.7
11.0
9.5

10.1
9.8

10.5

tg:~ ---iii:;;- ---i7:;;- ---20:3- '--22:0- ---2.3:9- ---2;;:i- ---2;;:9- ---26:ii- ---27:2- ---:i8:i- ---28:9- :::::::: ::::::::
10.6 13.2 16.3 18.9 20.3 21.7 22.6 23.6 ~.8 25.6 26.5 •• •
13.0 15.6 18.0 19.9 21.3 22.5 23.2 24.0 25.0 ••__
11.7 15.2 17.3 19.4 21.3 22.5 23.5 ~.6 • • _
11.3 14.7 18.1 20.2 21.8 23.4 _
10.7 15.4 18.2 20.5 22.1 • • _
13.4 17.0 19.5 21.2 • • • • • • • • _
11.1 15.1 18.6 _
13.0 17.0 • •

8.6
8.5
8.5
8.1
7.8
7.9
7.7
7.9
7.9
7.4
5.4
6.3
5.9
6.3
6.3
6.5
6.1
7.1
7.0
6.6
5.9
7.9
5.9
6.9

2
4

12
17
34
56
54
77

110
48
21

267
170
170
23
2
1
1
2
3

16
1

30
50

1914_••_•••_••••_• __
1915_•••• ._•••
1916••__•__• •
1917_"__ •• _
1918_••_•••_._ •• _
1919 ._._. _
1920. ••••• _
1921 _
1922_. _
1923 _
1924_. • • ._
1925_•• _••••• ._
1926_••••• • _
1927 •••• _
1928__ ._. ••__ • _
1930_. • _
1931. • _
1933 • _
1934_. • _
1936 ••••_. _. •
1937 •• • •
1938 ._••• •
1939 • •
1940_•••_•• •• _

Year-classes 1914-
28: I
Standard length(mm) ____ • ____• _... _-_ .....- 148 23S 302 351 391 423 447 455 484 499 513 526 537 547 558
Total length (In.)_ 6.9 10.9 13.8 16.0 17.8 19.3 20.3 21.0 21.7 22.3 22.9 23.5 24.0 24.5 25.0
Increment______ ._ 6.9 4.0 2.9 2.2 1.8 1.5 1.0 0.7 0.7 0.6 0.6 0.6 0.5 0.5 0.5

Year-classes 1030-
40: I

Standard length(mm) • _________
-------- 139 264 357 416 471 509 544 568 589 610 624 644 661 -------- --- ...----

Total length (in.). 6.4 12.0 16.3 18.9 21. 3 22.9 24.3 25.4 26.3 27.3 27.9 28.8 29.5 -------- --------Increment________ 6.4 5.6 4.3 2.6 2.4 1.6 1.4 1.1 0.9 1.0 0.6 0.9 0.7 -------- ---_ .._--

I See text for method or derl...Jng these general growth data.

creasing variability of the means. The decrease
in the range during the later years of life, how
ever, can be considered to a large extent the result
of the decreasing number of years for which data
were available and hence of lesser opportunity for
variation. The extremes and ranges for the ninth
and tenth years of life, for example, had to be
determined from only three and two mean lengths,
respectively. The ranges of the means for the
females varied irregularly. From a value of 3.1
inches at the end of the first year (maximum of
8.5 inches and minimum of 5.4) the range dropped
to 2.9 at the end of 2 years (12.4 and 9.5 inches)
rose to a maximum of 4.0 at the end of 6 (21.5
and 17.5 inches), and then declined (with an irreg
ularity at 8 and 9 years) to 0.4.inch at the end of
12. Here, as with the males, the earlier increases
of the range suggest increasing variahility of the
means, but the subsequent declines cannot be
interpreted to represent decreasing variability.

The year classes of the 1943 collection (year
class 1933 and later in table 24; year-class 1930
and later in table 25) had, on the whole, far better
growth than those of the 1926-30 samples. An

exception must be made for the first-year lengths
which were mostly at about the same level of those
of year-classes 1924 to 1928 and below that of year
classes before 1924. In the second and later years,
however, the calculated lengths of the walleyes
collected in 1943 were commonly near or above the
highest to be found in the 1926-30 samples. The
li.dvant:tge of the 1943 walleyes is more apparent
ill the lltt.er t.han in the earlier years of life.

Tofacilitate comparisons of the growth of males
and females ·and of walleyes of the 1926-30 and
1943 collections, the data on "general" growth in
lengt.h have been sumniarized in table 26. The
lengths in this table were obtained by the succes
!:jive adrlition of the average alIDual increments of
length. For the 1926-30 collection, each incre
lOent is the weighted mean of the increments for
the individual yeilr classes after correction for an
nual fluctuat.ions in growth rate.27 Since the data
from the 1943 collection provided a much less-

IT To Illustrate the method of correctlon-a 25-mllllmeter In·
crement made In a year In which growth WRS 10.8 per;?ent above
avernge Is sl1l>ject to adjustment as follO\vs: 25/1.108=22.6.
See pp. 42-45 tur data on the extent of the fluctuations In growth
rate.
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dependable estimate of annual fluctuations in
growth, the increments for the walleyes of that
sample are merely the weighted means of the in
crements for all available fish.

TABJJE 26.-Genera.l growth in tota.llength of Saginaw Bay
walleyes of the 1926-80 and 1948 collections

[Data transcribed from tables 24 and 25 to facUitate comparison.
Lengtbs given In Incbes]

1926-30 collections 1943 collection

Year Males Females l\L'\Ies Femalesof
lifo

Length Incre· Length Incre· Lengtb Incre· Length Incrll'
mont ment ment ment

- ----------------
L.____ 6.7 6.7 6.9 6.9 6.4 6.4 6.4 6.4
2__ •••_ 10.7 4.0 10.9 4.0 12.0 5.6 12.0 5.6
3._•••• 13.4 2.7 13.8 2.9 15.8 3.8 16.3 4.3
4._•••• 15.3 1.9 16.0 2.2 18.1 2.3 18.9 2.6
5._•••• 16.6 1.3 17.8 1.8 19.5 1.4 21.3 2.4
6._•••• 17.6 1.0 19.3 1.5 20.6 1.1 22.9 1.67••_.__ 18.3 .7 20.3 1.0 21.4 .8 24.3 1.48. _____ 18.9 .6 21.0 .7 21.9 .5 25.4 1.1
9_._. __ 19.5 .6 21.7 .7 22.7 .8 26.3 .9
10••••• 20.0 .5 22.3 .6 23.3 .6 27.3 1.0
11.•••• 20.4 .4 22.9 .6 -------- --._ .. _- .. 27.9 .6
12••••• 20.7 .3 23.5 .6 -------- -------- 28.8 .9
13••••• 21.0 .3 24.0 .5 ---_....... - -------- 29.5 .7
14__••• 21.3 .3 24.5 .5 --_ ...---- -------- ----- ..- .. ------- ..
15••••• --- .. _- ..- -------- 25.0 .5 -------- ...... _---- ---_....... - -_ ......... - ..

The females of the Saginaw Bay walleyes were
longer than the males in all but the earliest years
of life (fig. 4). In the 1926-30 collection the
females averaged the longer even at the end of
the first year (females 6.9 inches; males 6.7
inches) . The females were unable to add to this
O.2-inch advantage during the second year (sec
ond-year length of females, 10.9 inches, and of
males, 10.7 inches) but were the longer by 0.4 inch
at the end of 3 years (females, 13.8 inches; males,
13.4 inches). The females added to this early
advantage in each succeeding year of life with a
resulting divergence of the growth curves for the
sexes. At the end of 5 years the length of the
females (17.8 inches) was more than an inch
greater than that of the males (16.6 inches). The
advantage of the females had reached 2 inches in
7 years (females, 20.3 inches; males, 18.3 inches),
3 inches in 13 years (females 24.0 inches; males,
21.0 inches), and was 3.2 inches at the end of 14
years, the highest age attained by the males. How
great this disparity of growth became with respect

32r-----.------r-----~----__,

161412

.---_..-....--....---.....,..,..

4

(i) 24 t------+-----r-+------1-::;;:p""""""-----1
W
:c
U
Z 20

28

I
I-
~ I 61==~~=74z==-====-I----_r------j
w
..J

..J 12

~o
I- 8t---I'-----t------i-----+------\

6 8 10
YEAR OF LIFE

FIGURE 4.-Calculated general growth in length of male (broken lines) and female walleyes (solid lines) of the 1926-30
(lower curves) and 1943 collections (upper curves). The broken horizontal line indicates the minimum legallengtll
of 15% inches.
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The relation between the growth of the sexes in
the 1943 collection was similar to that in the 1926
30 samples (fig. 4). In fish collected in 1943, the
calculated lengths of tlie males and the females
were the same at the end of the first (6.4 inches)
and second (12.0 inches) years of life. In the suc
ceeding years the females established all 1I.dvautage
that reached 1.8 hwlu;lS at the end. Qf 5 years (fe-

to time is well illustrated by the fact that females
were longer at the end of 9 years (21.7 inches)
than males at the end of 14 years (21.3 inches).

The present legal minimum size of 15% inches
was attained by the 1926-30 males early in the
fifth growing season and by the females in the
latter part of the fourth. The size limit of 1112
pounds (equivalent to a length of 17.1 inches)
which was in effect at the time of collection was
reached by the males in the sixth and by females
in the fifth yea.r. Finally, males reached the.
1933-38 legal minimum length of 16V2 inches near'
the end and the females ill the earlier part of the
fifth growing season.

"Walleyes of both sexes in the 1926-30 collections
made by far their greatest growth in length during
the first year of life. Beyond that year the in
crements decreased rather consistently (were equal
over periods of 2 or 3 years at certain higher ages) .
All increments were less than an inch beyond the
sixth year of lif~ of the males and the seventh
year of the females.

The comparison of the annual increments of the
sexes of the walleyes of the 19~6-30 collection re
veals that the advantage of the females over the
males with respect to yearly growth was 0.2 inch
in the. first yea.r and nil in the second, rose there
after to a maximu11;l of 0.5 inch in the fifth and
sixth years, and ranged from 0.1 to 0.3 inch in the
seventh through the fourteenth. AlthOl.l.gh the
absolute advantage of the females over the males
tended first to inc.rease and then to decrease, the
trend was toward an increase in the relative ad
vantage with advancing age ~\.s the following tab
ulation proves:

Growth

males, 21.3 inches; males. 19.5 inches) and was
4.0 ine-hes at the end of 10 years (females, 27.3
inches; males 23.3 inches). In the seventh grow
ing season females reached a length as great as
that of males at the end of 10 full years. In the
t.hird through the tenth year of life the advan
tages of the females over males were consistently
greater at corresponding ages in t.he 1943 than in
the 1926-30 c.olIections. The greatest difference
occurred at the end of the t.enth year when the
1943 females were 4.0 inches longer t.han the males
as compared with a sex difference of only 2.3
inches at the same age in the 1926-30 fish.

The times of att.ainment of legal length by both
males and females of the 11)43 sample at the various
limits were as follows: Hi'% inches-late in the
third growing season; 16% inches and 1% pounds
(17.1 inches).--dnring the fourth season. The fe
hmles reached each of these limits earlier than did
the males.

In the 1M:3 sample as ill tllt~ lU2fi-30 collections
t.he best growth in length was made in the first
year (6.4 inches for each sex) and the t.rend of the
increments ,vas downward during the succeeding
)'eo.rs. All length inc.rements of the 1943 males
were less t.han 1.0 inch beyond t.he sixth year; the
same holds for the females beyond the eighth year
wit.h the exe-eption of the tenth-year increment of
1.0 inch.

Comparisons of the corresponding annual
growth increments of the males and females of the
1943 c.ollection reve.al that in the first. and see-onel
years the sex differences were nil but that in each
of the later years the growth of the femules was
the greater. The largest differenc.e is to be found
in the fifth year when the growth of the females
(2.4 ine-hes) was a full inch greater than that of
the males. In other years the advantage of the
females ranged between 0.1 inch (ninth year) and
0.6 inch (seventh ancl eighth years). Again, we
find the relative. advantage of the females incre.ll.s
ing with increase in age as the following tabulation
demonstrates:

1.00
1.27
1.63

Ratio
FemalesMales

Growth

Inches
12.0 I
8.6 I
2.7 I

Years of life

1-2. • --- - - --
3-6 •• - __ -------- - - --- - -- ------
7-10 ------ --.--------- _--- ---- - ---I

1. 02
1.22
1.41

RatIo

Inches
10.9
8.4
5.2

FemalesMales

Inches
10.7
6.9
3.7

Years of me

1-2 • _
:Hi__ .... .. .... _
7-14 • • _
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Comparison of this tabulation with the one
given previously for the 19~W-:30 collections shows
that the ratios for years 1-2 and 3-6 were closely
similar (1.02 and 1.22 for the 1926-30 samples;
1.00 and 1.27 for the 1943 collection) . . Beyond the
sixth year, however, the relative advantage of the
females was much greater in the 1943 walleyes
(ratio of 1.63) than in the 1926-.30 fish (ratio of
1.41). As a result the rate of divergence of the
growth (',urves for the sexes (fig. 4) was greater
for the 1943 than for the 1926-30 specimens.

The increase with age in the growth advantage
of the females is of interest in connection with the
problem of the relation between sex differences
in growth rate and in the time of attainment of
maturity (with a concomitant depression of
growth rate). The earlier attainment of sexual
maturity by males frequently has been offered as
the expla.nation of the more rapid growth of fe
males in certain species of fish.28 In the Saginaw
Bay walleye, males do mature at a lesser size and
age than do females (p. 56). If attainment of
maturity in this stock causes a depression of
gl'owth rate, then sex differences in the age at first
maturity contributed to the sex differences in
geowth rate in some of the earlier years. On the
other hand, the females maintained their (rela
tive) advantage in growth at ages at which all or
practically all walleyes of both sexes were mature
(no inunature walleyes beyond the VI group in
1930 or the IV group in 1043-see table 48). To a
large extent, therefore, the more rapid geowth of
the females of the Saginaw Bay walleye represents
a true sex difference in growth potential and is not
the result of later attainment of maturity by fish
of that sex.

In earlier eomments relative to the data of
tables 24 and 25 it was stated without elaboration
that the first-year growth of the walleyes of the
1Hi3 coIledion was 110 better than that of the
1926-30 samples-indeed was inferior to the first,
year growth of the earlier year classes-but tlmt in
the later years of life the calculated lengths of
fish of the 1943 collection were eharacteristieally'
near or above the highest corresponding lengths of
those of the 1926-30 collections. The true extent
of the differences in the growth of the two groups,
however, is probably brought out best by the gen
eml growth clu.ta of t.able 2ft

.. See S,'!irdson (1943) for an excellent re\'!ew of tbe problem
of tbe rein lioll betwel'll sexual maturity and tbe growtb of fisb.

Although the walleyes of the 1943 collection
were shorter at the end of the first year (calcu
lated length of 6.4 inches for each sex) tllan the
fish of the 1926-30 collections (males, 6.7 inches;
females, 6.9 inches) the second-year growth of fish
of the more recent sample was so rapid that in 2
years they were the longer by more than an inch.
To this advantage they added materially in sub
sequent years.

By the end of the fourth year of life the 1943
males (18.1 inches) were. 2.8 inches longer than
1926-30 fish (15.3 inches). Beyond the fomth
year the advantage of the males caught in 1943
varied irregularly and within rather narrow limits
from 2.9 inches in the fifth year (lengths of 19.5
and 16.6 inches) to 3.3 inches in the tenth (lengths
of 23.3 and 20.0 inches). The 1943 males were as
long at the end of 5 years (19.5 inches) as the 1926
30 males at the end of 9 and were longer in 7 years
(21.4 inches) than 1926-30 males at the end of 14
(21.3 inches).

Females of the 1943 sample differed from the
males in that their advantage over the 1926-30
fish did not tend to level off after 4 years. Rather,
tney added to their advantage in every later year
of life but the eleventh. The length advantage of
the 1943 females amounted to 2.5 inches at the
end of 3 years (lengths of 16.3 and 13.8 inches),
was 4.0 mches in 7 years (lengths of 24.3 and 20.3
inches) n,nd reached a maximum of 5.5 inches in
13 years (lengths of 29.5 and 24.0 inches). Female
walleyes of the 1943 sample were longer at the end
of 5 years than 1926-.30 females at the end of 8
Jears ftnd were longer in 8 years (25.4 inches) than
1926-30 fish in 15 (25.0 inches).

GROWTH IN WEIGHT

The data of ta.bles 27, 28, and 29 were computed
(by means of the length-weight equation given on
p. 2i) from the standard lengths on which tables
24, 25, and 26 were based. The solutions of the
equation, obtained in grams, were subsequently
converted to pounds. (Tables 27 and 28 give the
general growth in weight in both pounds and
grams.)

Data obtained by this procedure have the dis
tinct advantage that the length and weight at a
particular age correspond exactly, whereas for a
group of fish (as an age group) in which both
length and weight vary, the mean weight may be
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()Xpected to exceed the normal weight of a fish of
average length.29

Because tables 27, 28, and 29 were derived from
tables 24, 25, and 26, the general patterns of var
iation must be the same in corresponding pairs
of tables. As a result of the incre..'tse of weight
approximately as the cube of the length, however,
the variations are much greater in the tables on
weight.

In the 1926-30 collections (year-class 1928 and
earlier) the greatest relative variation in calcu
lated weight 30 occurred in the first year of life.
In the males the maximum weight of 0.13 pound
(year-class 1921) was more than twice the mini
mum of 0.06 (year-classes 1924 and 1926) ; in the
females the maximum first-year weight of 0.18
pound (year-class 1916) was 3.6 times the mini
mlUn of 0.05 pound (year-class 1924). In the
later years the relative variability of the calcu-

.. To Illustrate this point-given one fish with a length of 1
foot and a weight of 1 pound and another with a length of 2
feet and a weight of 8 pounds, we have a mean length of 1.11' feet
and a mean weight of 4.5, pounds. Yet, in a stock with the
indicated length-weight relation (weight In pounds equal to the
cube of the length In feet) a 1.5-foot fish should weigh only
3.375 pounds.

80 In statements of variations In calculated weight as with cal
culated length tbe data of year-classes 1914-17, of the males and
of year-classes 1914-15 of the females have been excluded as
Inadequately represented.

luted weights was less although the actual ranges
were greater. The difference between the highest
and the lowest calculated weights of male wall
eyes in corresponding years of life rose from 0.07
pound at the end of the first year to 0.64 pound at
the end of the fifth and sixth years, ranged be
tween 0.36 and 0.38 pound in the seventh through
the ninth year, and was 0.07 pound at the end of
the tenth. For the females this range increased
from 0.13 pound at the end of the first year to
1.46 pounds at the end of the sixth, varied between
0.66 and 1.13 pounds in the seventh through the
eleventh year, and was 0.24 pound at the end of
the twelfth. With the weights, as was true with
the lengths, the early increase in the range of the
calculated values can be interpreted as an increase
in the variability but the subsequent decreases can
be ascribed in large part to the lesser number of
year classes represented in the data for the later
years of life.

As would be expected, since the weights were
co~puted from the lengths, the calculated first
year weights of the year classes of the 1943 collec
tion (year-class 1933 and later of the males; year
class 1930 and later of the females) were at about
the same level as tllOse of year-classes 1924: to 1928
of the 1926-30 collections but were generally below

TABLE 27.-Calculated growth in weight of the males of the year classes of Saginaw Bay walleyes
(Weights computed from the standard lengths corresponding to the total lengths of tnhle 24. See p. 27 for length-weight equation)

Calculated weight (pounds) at end of year of Iife--
Ycnr class

3 6 7 8 9 10 11 12 I 13 14
----------1----------------------------

---i:iii- ---i:6i;- ---2:0'7- ---2:4:5- ---2:77- ---2:9S- ---3:23- ---:i::5i- :::::::: :::::::: :::::::: ::::::::
.78 1.19 1.62 1.98 2.30 2.60 2.94 . _

1.02 1.35 1.74 2.04 2.28 2.55 . • .. _
.90 1.38 1.74 2.19 2.55 -------- -------- -------- --.----- 1. __ . --------.99 1.48 1.97 2.35 ._. .... ._

U~ _J~~. :::~=~: :::::::: :=:=:=:: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::

1914. _
1915 _
1916. _
1917••• . _
1918. _
1919 . _
1920 _
1921. _
1922 •• • _
1923. . • _
1924. _
1925 _
1926. __ . .. _
1927 . . _
1928_. __ . _
1933 • • _
1934 . _
1935. _
1936 _
1937 . _
1938_ .. . __ •• . _
1939... . ._
1940 ._. _

0.07
.11
.12
.13
.12
.11
.11
.13
.12
.12
.06
.07
.06
.07
.08
.11
.08
.04
.05
.07
.08
.05
.09

0.53
.32
.39
.52
.48
.46
.43
.46
.43
.41
.24
.28
.26
.35
.33
.56
.44
.43
.37
.40
.42
.37
.65

0.94
.69
. 82
.95
.87
.88
.79
.82
.71
.82
.46
.58
.60
.61

1. 53
1.12
1.35
1.44
1.·26
1.34
I. Iii
1.12
1.08
1.15
.71
.94
.88

1. 77
1.37
1. 74
1.84
1.63
I. 61
1.44
1.38
1.35
1.42
.99

1.20

2.03 2.32 2.50 2.76 3. 05 3.1" 3.33 3.45 _
1.63 1.86 2.10 2.33 2.50 2.67 2.79 2.90 3.05
2.28 2.74 3.09 3.49 3.82 4.07 4.21 4.40 •
2.30 2.53 2.77 3.07 3.35 3.51 3.73 _
1.90 2.11 2.35 2.58 2.76 2.98 _
1. 84 2.07 2.28 2.48 2. 69 • ~ _
1.67 1.86 2.Q.3 2.21 .. __ • _
1.61 1.79 1.97 .. __ . _
1.56 1.75 2.03 . ._. _
1.1\2 1.84 ._. • _
I. 26 _. • .. _

Year-classes 1914-28:Grams _
Pounds_. _
Inerement _

39
.09
.09

166
.37
.28

325
.72
.35

489
1.08
.36

026
1.38
.30

734
1,62
.24

829
1.83
.21

919 1. CI08 1, 095 1.178
2.03 2.22 2.41 2.00
.20 .19 .19 .19

1. 250 1.316
:::.;r, 2.90
.16 .14

1,385
3.05
.15

Year-classes 1933-40:Grams • _

j;~~:::erit:::::::::::::::::::::::1
3. 238 634 799 1,022 1,218 1,385 I, 519

1

I, 672

1

1,814 \-------r------I- ...---r------.OS .52\ 1.18 1. 76 i 2.25 2.6U 3.05 3.35 3.69
. (IS I .44 .66 .58

1
.49 • !,I I .36 .30 .34 4:~ :::::::f:::::=\==:::::: ::::::::
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TABLE 28.-Calculated growth in weight of the females of the year classes of Saginaw Bay walleyes

(Weights computed from the staudard lengt.hs cOl'responding to the total lengths of.table 25. See p. 27 for length·weight equation]

Calculated weight (poun<!sj at elld 01 ycar or lile-

1914 •_•• • _
1915 ., _
1916 • • • __
1917. • • ._. _
1918•• ._. _.• _
1919•• •• _
1920••• • _
1921. • • • _
1922__• •• ._
1923__ • • _
1924 • ._. _
1025 • • • __ • •
1926 • _
1927 • _
1028 • . • __
1930 • _
1931. . • •• _
1033 • • _
1934 _
1936. _
1937 .' _. • _
1938 • • _
1939 . __• • _
1940 •• ••• _

Year doss

_________, 1_2__3__4_1_5__6__7__8__P__1_0_1_1_1_~ _1_3 1_4_~
0.18 0.57 0.97 1.46 1.72 2.27 2.55 2.85 3.17 3.41 3.71 4.09 4.33 4.57 4.86
.18 .52 1.11 1.57 2.32 3.09 3.75 4.16 4.80 5.18 5.65 6.01 6.22 6.53 .• -- ••. -
.18 .57 1.11 1.64 2.24 2.88 3.41 3.86 4.30 4.68 5.04 5.37 5.68 ._. --------
.15 .56 1.11 1.68 2.40 3.05 3.54 3.93 4.30 4.57 4.86 5.1:i --. -------.
.14 .51 1.03 1.62 2.28 2.86 3.29 3.66 4.0.5 4.43 4.75 5.20 -. -.------
.15 .50 1. 05 1.68 2.22 2. 74 3.17 3.49 3.77 4.11 4.38 •• - -------.
.13 .54 1.05 1.58 2.07 2.51 2.83 3.17 3.49 3.82 __ • • ._ •. _. -- __ • •. --.---
.14 .51 .93 1.32 1.79 2.19 2.53 2.83 3.17 __ • • ._._ .. _. --- ------.-
.14 .48 .83 1.31 1.711 2.22 2.63 2.96 • • ._ . • •
.12 .40 .91 1.40 1.91 2.35 2.70 . • __ • • ••• . • _
.05 .24 .54 .88 1.2tI 1.59 • • • • ._
.07 .29 .62 1.01 1.30 • __ •• • • • __ •__ . _
.06 .27 .63 .93 • • ._. • • • --------
.07 .35 .62 __ ._•• ._. • • •• • • _

:g~ )~ ---i~ii- ---i~63- ---2~58- --"3:33- ---4~3r)- ---5:02' ---5~4ii- --'5~98- '--i)~3:j- ---6:99- ---7~57- =====:== ===:=;==
.07 .36 .69 1.29 2.04 2.58 3.21 3.66 4.16 4.83 5.31 5.86 • .• _ -------.
.10 .671.141.752.38 2.98 3.54 3.95 4.38 4.94 •__ • • .• _
.10 .48 1.06 1.56 2.21 2.98 3.54 4.09 4.70 __ • • •. • ------.-
.08 .43 .96 1.76 2.51 3.25 4.05 • • •• ._._. ._ •• __• --------
.06 .37 1.10 1.83 2.70 3.41 • ._. __ . • ._ • • _
.14 .72 1.46 2.27 3.03 • • •. _ .... _. __ • •.• . --------
.06 .41 1.24 1.94 • • • • . __ . • • ------.-
.09 .67 1.46 • • . • _•. . • -_ •• --------

Year·classes 1914-28:
Orams ._. _. _
Pounds ._
Increment_. ._

42
.00
.09

174
.38
.29

355
.78
.40

557
1.23
.45

769
1.70
.47

973
2.15
.45

1,147 1,290 1,455
2.53 2.86 3.21
.38 .33 .35

1,594 1.732
3.51 3.82
.30 .31

1,866 1,985 2.098
4. 11 4. 38 4. 63
.29 .27 .25

2,227
4.01
.28

Year-classes 1930-40:Orams • ._
Pounds _
Increment _

35
.08
.08

238
.52
.44

586
1. 29
.77

926
2.04
.75

1,342
2.96
.92

I, 692 2, 064 2, 348
3. 73 4. 55 5. 18
.77 .82 .63

2,617 2,906 3,110
5. 77 6. 41 6. 86
.50 .64 .45

3,417 3,694 •.. _----
7.53 8.14 ._
.67 .61 --- --------

TABJ_E 29.-General growth in weight of Sagnww flay wall
eyes of the 19:26-30 and 1943 collections

[Data transcribed from tables 27 and 28 to facilitate comparisons. Weight
given ill pounds]

1._____
0.09 0.09 0.00 0.09 0.08 0.08 0.08 0.082___ • __ .37 .28 .38 .29 .52 .44 .52 .443._____ .72 .35 .78 .40 1.18 .66 I. 29 .774______ 1.08 .36 1. 23 .45 1. 76 .58 2.04 .755______
I. 38 .30 1.70 .47 2.25 .49 2.06 .926______
I. 62 .24 2.15 .45 2.60 .44 3.73 .777______ 1.83 .21 2.53 .38 3.05 .36 4.55 .828._____ 2.03 .20 2.86 .33 3.35 .30 5.18 .639_____ - 2.22 .10 3.21 .35 3.69 .34 5.77 .5910_____ 2.41 .19 3.51 .30 4.00 .3i 6.41 .6411 _____ 2.60 .19 3.82 .31 --.----- -._----- 6.86 .4512____ • 2.76 .16 4.11 .20 ._._. --. -.. ----- 7.S3 .6713_____ 2.90 .14 4.38 .~7 ----.--- ------.- 8. J.1 .6114_____
3.05 .15 4.63 .25 ----.-_. -----._- ------.- ... -- ---15_____ ..._--- . .---.._- 4.91 .28 ---_.--- -----. -- -------- ._. ~ ----

the first-year weights of yea-r classes earlier than
1924. It was to be expected further that beyond
the first year the calculated weights of walleyes of
the 1943 collection would characteristically be
above the level of the weights of fish of the 19~6

30 collections, and that the advantage of the 1943
fish would be relatively greater with respect to
weight than it was with respect to length. All

Weight ~~-:'t Weight ~~~t Woight ~~~t Weight ~:;t

of these expectations are met by the data of tables
27 and 28.

Male and female walleyes of the 1926-30 collec
tions had the same calculated weight (table 29;
fig. 5) at the end of the first year of life (0.09
pound), and at the end of 2 years the females
(0.38 pound) were only 0.01 pound heavier than
the males (0.37 pound). In the third year, how
ever, the weight of the females (0.78 pound) was
0.06 pound greater than that of the males (0.72
pound). The females added to this advantage in
each succeeding year of life. The sex difference
was 0.53 pound at the end of 6 years (females, 2.15
pounds; males, 1.62 pounds), amounted to prac
tically a pound (0.99 pound) in 9 years (;females,
3.21 pounds; males, 2.22 pounds) and reached the
maximum of 1.58 pounds at the end of 14 years
(females, 4.63 ponnds; males, 3.05 pounds).

The annual increments of weight of the 1926-30
males increased from 0.09 pound in the first year
to a maximum of 0.36 pound in the fourth and
thereafter declined (except for the equal ninth
to eleventh-year increments of 0.19 pound) to 0.14
pound in the thirteenth year. The fourteenth-year
increment was 0.15 pound. In the females the
increase from the first-year increment of 0.09

Females

1943 collection

MalesFemales

1921H1O collections

MalesYear
of IIle
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FWl'IlE 5.-Calculated general growth in weight of male (broken lines) and fe male walle~'es (solid lines) of the 1926
30 (lower ('urves) and 1943 collections (upper curves).

Growth

A comparison of this tabulation with the corre
sponding one for growth in length of walleyes of
the 1926-30 samples (p. 36) reveals that the pro
gressive increase in the relative advantage of the
females was considerably more rapid for weight
than for length (higher ratios for growth in
weight). The divergence Of the curves of growth
in weight was correspondingly more pronounced
(r-f. figs. 4 and 5).

The calculated weights of the male and female
walleyes of the 1943 sample were the same at the
end of the first and second years of life (0.08 and
0.52 pound, respectively). In the later years, how
ever, females had a weight advantage that in
creased each year from 0.11 pound in the third
year (females, 1.29 pounds; males, 1.18 pounds)
to 1.04 pounds at the end of the sixth year (fe
males, 3.73 pounds; males, 2.69 pounds), and to
2.41 pounds in 10 years (females, 6.41 pounds;
males, 4.00 pounds).

1.03
1.42
1.73

Yenrs of lifo Ratio

_________+__M_Bl_es_I_Fe_m_a_los_
I

_

PouRlI. Pound.
0.37\ 0.38
1.25

1

1.77
I. 43 2.48Ei::::::::::::::::::::::::::::::::::I

pound continued through tile fifth year when the
maximum value of 0.47 pound was reached. Dur
ing the later years the trend was irregularly down
ward; the lowest value in these years was 0.25
pound in the fourteenth year of life.

The annual inc.rements of weight of female wall
eyes of the 1926-30 samples exceeded those of
males in every year of life beyond the first. The
greatest. absolute advantage of the females oc
curred in the sixth year when tJleir growth of 0.45
pound waS 0.21 pound greater than that of males.
The relative advantage of the females tended to
become greater with advancing age as may be seen
from the following tabulation:
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Although the ratios for the periods of years 1 and
2 and 3 to 6 did not differ greatly in the two col
leetions, the growth in weight of the females of
the 1943 sample in the years 7 to 10 was ~W5 times
that of males whereas the growth of the females
of the 1926-30 collection in the years 7 to 14 was
but 1.n times that of the males. The curves
of the growth in weight of the sexes accordingly
diverge much more prominently in the later years
in the 1943 than in the 1926-30 walleyes (fig. 5).

In the years 3 to 6 and 7 to 10 the. relative ad
vantages of the females of the 1943 sample were
much greater with respect to growth in weight

The annual increments of weight of the male
walleyes of the 1943 collection rose from 0.08
pound in the first year of life to a maximum of
0.66 pound in the third and then declined to 0.30
pound in the eighth. The ninth- and tenth-year
inerements were 0.34 and 0.31 pound, respectively.
The trends in the annual increments of the females
were much more irregular than were those of the
males. The upward trend from the first-year in
crement of 0.08 pound to the maximum of 0.92
pounel in the fifth year (2 years later than the
maximum for the males) was interrupted in the
fourth year, and the subsequent decline from the
maximum was decidedly irregular. During the
last 6 3'ears of life (eighth through the thirteenth)
the increments fluctuated more or less at random
between a maximum of 0.67 pound in the twelfth
year and a minimmn of 0.45 pound in the eleventh.

In every year of life beyond the second the.
weight increments of the 1943 females exceeded
those of the males. The greatest advantage of the
females occurred in the seventh year when the in
c.rement of 0.82 pound was 0.46 pound greater than
the increment of 0.36 pound for the males. The
inerease in the relative advantage of the females
with increase in age was greater for the later years
in the 1943 than in the 1926-30 walleyes as may be
seen from the comparison of the following tabu
lation with the one previously given for the earlier
collections:

Growth
Years (lllile

Males

Pounds1-2 . • .___ n.62
3-6 . .____________________ 2.17
7-10 .. I. 31

Females

Po,,,,ds
0.62
3.21
2.68

Ratio

1.00
1.48
2.05

than to growth in length (compare preceding tabu-
lation with the one on p. 36). .

The superiority of the growth of the walleyes
of the 1943 collection over fish of the 1926-30 eol
lections, mueh like the advantage of females over
males, becomes much greater when the compari
son is based on weight rather than length.

Although the ealculated weight of the 1943
males (0.08 pound) in the first year of life was
slightly less than that of 1926-30 males (0.09
pound), the fish of the more recent colleetion es
tablished a·n aclvnnt.age in the second year of life
and added to it in every later year. From 0.15
pound at the end of the second year (1943 males,
0.52 pound; 1926-30 males, 0.37 pound), the a.d
vantage of the fish of the 1943 sample inereased to
1110re than a pound by the end of the sixth year
(1943 males, 2.69 pounds; 1926-30 mules, 1.62
pounds), and reached 1.59 pounds at the end of
10 years (1943 mllles, 4.00 pounds; 19~6-30 males,
2.41 pounds). With the females, as with the males,
the 1943 fish first established an advant.age over
walleyes collected in 19~6-30 at the end of the
second year of life when they weighed 0.52 ponnd
or 0.14 pound more than fish of the earlier Sll-lll

pIes. This advantage had incrensed t.o more than
1* pounds by the end of the fifth year (1943
females, 2.96 pounds; 19:36-30 females, 1.70
pounds), was above 2V2 pounds in 9 years (19~

females, 5.77 pounds; 1926-30 females, 3.21
pounds), and at the. end of 13 years amounted to
more than 3% pounds (1943 females, 8.14 pounds;
1926-30 females, 4.38 pounds).

A striking feature of the comparative data lies
in the high degree of stability that was attained in
the lat.er years of life in the ratios of the calcu
lated weights of 1943 walleyes to the weights
of 19~W-30fish of cOl'l'esponding sex and age (table
30). In the males, this ratio rose sharply from
0.89 at the end of the first year of life to 1.64 at
the end of the third, but thereafter exhibited only
slight variation (within the range, 1.63-1.67).
For practical purposes it can be said that'in the
third through the tenth yenr of life the 1943 males
were 65 percent heavier than 1926-30 males of the
same age. In the females, stability of the ratio was
reached at a later age and at It higher level. From
0.89 at the end of the first year the value rose some
what irregularly to 1.80 at the end of the seventh,
and in the seventh through the thirteenth year
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TABLE 30.-Ratios of the calculated weights of walleyes of
the 1943 collect·ion to the weights of fish of corresponding
age and Se:& of the 1926-30 collections

[Rased on data or table 29]

was from 1.80 to 1.86. In years of life 7 to 13,
therefore, the 1943 females were about 82 percent
heavier than 1926-30 females, or, sacrificing some
precision in favor of a longer span of years and a
round figure, in years of life 5 to 13 the 1943
females were the heavier by 80 percent.

Ratio or 1943 to 1921h~0
weight

were smaller than the corresponding increments
for 1922 (table 33) . The situation was similar in
1924 when 5 of the 6 increments of the males and
all 8 increments of the females were smaller than
those of 1923. The general trend was do\vnward
aJso in 1926 (5 of 8 increments of males and 7 of
10 increments of females smaller than in 1925).
The most consistent improvements of gro\vth oc
curred in 1921 (2 of 3 increments of the males and
all 5 increments of females larger than in 1920)
and in 1925 (5 of 7 increments of the males and
6 of 9 of the females larger than in 1924). In 1928,
8 of 10 increments of the males but only 6 of 12
of the females exceeded those of 1927.FemalesMales

Ratio or 1943 to 1926-30
weightYrOT or

lire
FemalesM,lIes

Year or
lire 1----..----11

1. •.
2. _•• __ ....
3. _•••..•••4 •
S. •••
6 ._ ••
7._ •• __ ••••

0.89
1. 41
1.64
1.63
1.113
I. 66
I. 67

0.89 8 __ •••• __ ._ 1.65
1.37 9..•• 1.66
1.65 10 __ • .• _ 1.66
1.66 11._ ••••. ••• __ • •
1. 74 12.. ..• •• __
1.73 13 __ •••• _••..•• •• _
1.80

1.81
1.80
1.83
1.80
1.83
1.86

TABLE 3I.-Annual increments of growth in length oj male
Sagina.w Bay walleyes of the 1926-30 collections according
to calendar year

[El¥lh diagonal row gives the growth blstory or a year cIBss)

ANNUAL FLUCTUATIONS IN GROWTH
RATE

Increment or standard length (mllllmetors) In year-
Yearorure

191819191920192119221923192419251926192719281929
._---------------

FLUCTUATIONS FROM 1916 TO 1929

Length
The basic data on the annual fluctuations in

growth in length of Saginaw Bay walleyes (tables
31 and 32) are arranged in the following manner:
Each column shows the increments for different
years of life but in the same calendar year, each
horizontal row the increments for the same year
of life but in different calendar years, and each
diagonal row the growth history of a year class
that can be identified by the calendar year in which
the first-year growth was made. Omitted from
the tables are data for certain of the earlier and
poorly represented year classes.

Examination of the length increments of tables
31 and 32 reveals certain rather definite trends
that were similar for the males and females. It
is obvious, for example, that years prior to 1923
constituted, on the whole, a period of relatively
good growth and years subsequent to 1923 one of
rather poor growth. Apparent also in certain cal
endar years is the tendency toward sharp improve
ment or decline from the growth in the preceding
year, whereas in other calendar years no important
change from the preceding year can be demon
strated. The downward trend in growth rate was
extremely clear cut in 1923 when aIlS increments
of the males' and all 7 increments of the females

11. . •• ._•.•.• •• __ • 12 ••••
10. .. . __ __ . __ .. •••_•• 10 12 ._••
9_. __ • •• . __ __ • __ •. ._ •• 14 12 12 •••_
8__ • •• • '" •• ••• _.•• _••• • • 15 14 12 13 20
7••••• •...• _•• _'" _:••••••..•• _•••. __ • 15 16 14 14 15 17
6 • . __ .. '" _. __ .•• •• __ •• 20 18 19 19 18 17 27
5 •• . ••• 32 ~3 26 25 26 25 35 To
4 ••• •• __ •••• 41 47 41 34 44 37 39 48 38
3•••••. __ • •••• 57 62 57 54 46 63 49 59 67 47
2•• • 96 96 91 87 85 83 78 82 83 94 86
1._ ••• ._. __ 160 156 155 165 161 160 126 132 126 136 140 __ ••

Number 01 f1.h In-
1926•••• ••• __ '" ••• 3 1 3 145 • •• __ ••••• _
1927•••• _. __ .• __ 3 13 18 13 •••• ••• _ •• __ •• _••••••• _.
1928. __ •• _._ •••• "" ••• _ 4 4 8 ••••• _
1929•••• . 9 23 38 72 10i 59 • • ,. __ ••••• __ •
1930_ ••• • __ .•• _ • •• _... 2 6 9 110 246 154 Ii .._.

The data of tables 31 and 32 offer little basis
for the belief that the trends of the annual fluc
tuations in growth rate varied significantly for
different years of life. It is true that in the 1927
da,ta for the males the increments for the first 4
years of life all exceeded those for 1926, whereas
beyond the fourth year the 1926 growth was tlle
greater in 4 years of life and equalled 1927 growth
in the remaining (the seventh). Again, in 1929
growth was superior to that in 1928 in years of
life 6 to 8 but poorer in years of life 2 to 5. It
might l:e judged from these two examples that
fluctuations in growth tended to follow opposite
trends in the earlier and later years of life. This
same tendency was almost lacking, however, in the
1926-2'7 data for the females and was reduced in
the 1928-29 data. Furthermore, the disagree
ments in the remaining data were distributed at
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TABLE 32.-Annual increments of growth in length of female S(1ginaw Bay walleyes of the 1926-30 collections
according to calendar ye.ar

(Each diagonal row gives the growth history o[ a y,'ar class)

Inerement of stall(lo.l'o1 length (millimeters) In ycar-

17
11
15
18
18
21
29
29
39
48
85

Year ollile

__________1__19_16_~~~~ 1921 ~I~ 1924 ~~~~~
13••• __ • __ . •••• _._._ •• __ • __ •__ • •••• _._. •••••.• •• _. __ .• __ •• __ • • • 11
12•• • __ • •• •• _.•••••• __ ••••••• • ._. • .•• •. .• __ • ., __ . 12 11
11 ••• • __ . . • __ ••••• _•• __ •• • • • __ • -_. •• __ •••• ••. ••• _. __ • 14 II 13
10_. ._. • __ • ._._••••• _•••••• __ • ._•• _. •••• -- .• -- •• "_,_,,, • • __ •. •• .____ 15 11 I" 13
9 •• __ ._ •••• __ ._ •• • • c_._ •••••••••• _•• __ • • ••••• __ •••••• _•• •••••• 19 1G 17 IS IG
8_. __ ••••_•• _•.•• • • • ._. __ •. -------- - • •.••• 21 18 18 16 18 17
7•••••• __._ •• __ ••••• • __ • • • ._._. • • • •• 27 24 22 23 18 21 25
,G._ •• ••• __ •• _. ._ •• •• •• __ •__ • • • .______ 38 37 34 31 28 28 30 29
5 __ • •• • __ •••• ._ •• • • •• _ 42 49 47 38 3G 38 39 40 40
4•• •••. _•• ._•• • .______ 48 51 54 57 49 40 51 49 48 50
3. •• _. • __ •• • • .__ 67 70 70 73 67 58 52 7G 62 G2 70
2 • • ._ •• 89 95 93 89 100 92 85 82 87 82 84 96
1. •• __ ._•. ._________ lB., 174 168 171 100 no 171 1liO 117 135 127 135 135

Number 01 fish 11I-1926__ • •• ._•••• • __ • . _._. ••• • I •• _.______ 4 145 • __ • _
1927_____________________________ 3 5 5 II 17 ~ • •.• __ • • ._ •• _
1928__ • __ • • .••• _••• _. • __ • • • •••• 1 2 6 2i • • _

t~===:==:==:=:================= . .~ .__ ~~. 21 4t 3~ t:: ~~ ~~ ·----iii- "--i2i)' ----ii;.i- -'--i43- "-"23- ==:=====

_·-----1--- ---------------

11 See Hlle (1941) for a detailed account of the procedure.

'TABLE 33.-Com.parison of increments of length of Saginaw
Bay walleyes for corresponding years of Ufe in consecutive
calendar years

(Relative sizes 01 increments are based on comparisons o[ growth in the more
recent with that In the preceding year)

1916 and 191i___ • __ •____ -------- -------- -------- 0 1 0
1917 and 1918••• ________ -------- -- ......... -- -------- 1 1 0
1918 and 1919•. _. ___ • ___ 0 I 0 2 1 0
1919 and 19"..0.______ ._ •• 0 1 I I 2 I
1920 and 1921._________ • .,

1 0 5 0 0
1921 and 1922__ • _______ • 1 3 0 2 4 0
1922 and 1923.__ • ______ • 0 5 0 0 7 0
1923 and 1924_.______ •·__ 1 5 0 0 8 0
1924 and 1925. _________ . 5 2 0 6 0' 1
1925 and 1926•••• _______ 2 .) I ., 7 I
1926 and 1927____ • ______ 4 4 1 .. 3 1
1927 and 1928____ •• __ ••• 8 I I 6 4 2
1928 and 19'29___________ 3 4 0 4 6 1

growth in 1919-28, the longest term of calendar
;years with data for all three periods--first year,
second und later years, and all years of life-for
which computations were made. Percentages
have been presented separately for the first and
for the second and later years as well as for all
~ears combined despite the earlier observation that
the trends of the fluctuations were not demon
st.rably correlated with age. Since young of the
year, to our best knowledge, spend the growing
season in Saginaw Bay whereas most older fish
desert the.bay for offshore waters, the most exact
comparison possible between growth in the two
environments is desired.

It is at once obvious from the percentages of
tu;ble 34 that the trends of the annual fluctuations
all were rather closely similar. First-year growth
followed a course resembling that of growth in
the second and later years, and in both the first
and the later yea.rs the fluctuations followed
closely those for all years combined. Further
more, the fluctuations in growth of the males and
females were much the saIlle in all three categories.
How similar the percentage fluctuations were is
well demonstrated by the coefficients of correlation
(7') of table 35. Of the coefficients listed, four
were far above the level ordinarily termed highly
significant (p=O.Ol)-two of the four, indeed, ex
ceeded the value corresponding to p=O.OOl-and
the fifth (correlation between the annual fluctua
tions in the growth of males in the first and in the
second and later years) was between the 5- and

FemalesMales

Larger Smaller Same Larger Smaller Same

Calendar years
oompare-d

random-that is, not detectn.bly related to age, and
in some years, as previously noted, the direction
d change was the same at all or nearly all ages.
The general conclusion seems warranted that the
trends of the annual fluctuations in growth rate
did not vary according to the age of the fish.

Although the examination of tables 31 and 32
and of the supplementary records of table 33 pro
vides a useful preliminary measure of the changes
which occurred from year to year in the growth
of walleyes of the 1926-30 collections, it is only
roughly quantitative. Much more exact informa
tion is to be had from the analysis of the data to
determine the actual percentage changes. The re
sults of this analysis 81 (table 34) are given in
terms of percentage deviation from average
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I-percent levels of probability. Some differences
are to be noted, however, in the ranges of the per
centages, which over the common period, 1919 to
1928, were greater for the females than for the
males and for the first year than for the later years
of life.

The dose agreement between the annual fluctu
ations in the growth of the male and female Sagi
naw Bay walleyes of the 1926-30 collections con
stitutes t.he strongest sort of evidence that the age
det.erminations were accurat.e for the bulk of the
fish up to relatively advaneed ages. That these
fluctuations should be similar is not surprising
in fact, is to be expected. On the other hand, for
this- similarity to be so apparent in the analyses
made independently for the males and females re
quired that inerements showing a certain deviation
from the mean be ident.ified with a particular cal
endar year. This identification in turn called for
a correct assessment of age. Furthermore, nearly
all of the year dasses had to be identified at two
or three ages (only exceptionally at one 01' four
see bottom sections of tables 31 and 3g) that were
sepa.rated by as many as 4 calendar years.

Despit.e cert.ain discrepancies as to deta.il and
differences in range in the percenta.ge fluctuations

in growth in length of walleyes of different sex
aneVor in different years of life, the general agree
ment seems to be sufficiently strong to justify the
description of the course of growth from 1916
through 19'~9 on the basis of the percentages as
determined for all years of life, sexes combined
(bot.tom row of table 34; see also fig. 6). Aecord
ing to these data the best growth, 12.8 percent
above the 1H19-28 mean, occurred in 1916, the first
year for which we have an estimate. From this
maximum the percentage dropped to 7.8 percent in
1917. Variations were small during the 4 years,
1917-20-range from 8.6 percent in 1918 to 6.S
percent in 1920. A rise to the second highest level
of the 14-year period (11.7 percent) in 1991 was
followed by a rapid decline to the minimum of
-14.2 percent in 1924. The fluctuations in the
succeeding years were irregular but the general
level was low. In only one year (1928) was
growth as good as average (0.2 percent). The
remaining years were from 4.0 percent (1925) to
11.7 percent (1929) below the 1919-gSmean. This
last value was the second lowest of the 1916-29
period. The general trend of growth for the
14-year period can be described as irregularly
downward.

TABLE 34.-Annual fluctuations in the growth in length of the Saginatv Bay walle.ye expressed as percentage deviations
from the 1919-28 mean. .

[Percentages for the sexes combined are the unweightc'l means of the values determined for the sexes individually]

Percentage deviation in caleudar year-
Ye'lr of life, ,md sex

----------1-------------------------- ---
First:Males______________ . _____________

--'iii- ---i6T 9.7 7.0 6.3 13.1 10.4 9.7 -13.4 -9.3 -13.4 -6.6 -3.9Females_________________________ 12.4 14.4 11. :1 13.7 14.4 7.3 -20.5 -8.9 -14.0 -8.9 -8.9Both sexes______ •______ . _________ ~2.1 16.3 11.0 10.7 8.8 13.4 12.4 8.5 -17.0 -9.1 -13. i -7.8 -6.4
Secoud and lat.cr:lIIales____________________________ --_.---- 7.:1 7.2 7.2 5.1 -4.3 -11.7 -1.8 -9.4 -6.7 7.3 -1.5Females_. _. ________ •____________ -------- -1.5 5.1 5.6 5.2 14.2 9.7 -3.1 -12.5 -1.0 -9.8 -7.3 -1.0 -15.2Both sexes__________ •____________ .------- -1.5 5.1 6.4 6.2 lU.7 7.4 -3.7 -12.1 -1.4 -9.6 -7.0 3.2 -8.4
All years:

9.3 6.7 6.3 9.5 7.1 1.5Males. ___ . ___ . _____________ •_____
---jis" ----7~8-

-1:1.5 -4.5 -11.1 -6.7 3.8 -6.0Fem,l1es_____ •__________ . _. __ •___ 7.8 9.0 7.4 13.9 11.2 .6 -15.8 -3.4 -11.5 -7.9 -3.3 -17.4Both sexes. ___ .. _. _______________ 12.8 7.S 8.1l 7.8 6.8 11.7 9.2 1.0 -14.2 -4.0 -11.3 -7.3 .2 -11.7

TABLE 35.-Correlations of annual fluctuations m the growth rate of Saginaw Bay walleyes

Value of r Value of r at-
Growth periods eorrelated Period of Degrees of

years freedom
Length Weight p=0.05 p=O.OI p=O.OOI

First year, males; later,' males________________________________________ 1919-1928 0.724 0.806 8 0.632 0.765 0.872First year, females: later,' females _______________ •___ •________________ 1917-1928 .814 .911 10 .576 .708 .823First year, males; first year, females _________ •_____________________ . __ 1918-1928 .966 .933 9 .002 .735 .847Later.' males; later.' females _________ -______________ -__________ ---. ___ 1919-1929 .816 .942 9 .602 .735 .847All years, males; all years, females __ . __ •______________________ •_______ 1918-1929 .925 .9·15 I 10 .576 .708 .823
I

I Exelusive of the flrst year.
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FIGURE 6.-Annual tluctuations in the growth of Saginaw Bay walleyes in length (solid line) and weight (broken line),
1916-29, expressed as percentages of the 1919-28 mean.
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Inasmuch as the calculated weights of tables 36
and 37 were based on the calculated lengths from
which tables 31 and 32 were derived, the annual
fluctuations of growth in weight of walleyes of the
1926-30 collections can be expected to exhibit
trends generally similar to those just described for

growth in length. Comparisons of tables 36 and
37 with tables 31 and 32 do show that with weight
as with length, in the years prior to 1923 the an
nual increments tended to be larger and in years
later than 1923, smaller than in 1923 itself; the
trend toward a sharp improvement or decline was
especially noticeable in certain calendar years;
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the fluctuations of males and females resembled
each other; and, in general, the trends of fluctua
tions did not differ with age (year of life). The
impression is gained also that the range of varia
t.ions of the annual increments was relatively much
greater for weight than for length. The" P9ints
just listed can be substantiated by comparisons of
the actual percentage fluctuations of growth, ex
pressed as deviations from the 1919-28 mean, in
length (table 34) and weight (table 38).

The outstanding difference between the annual
fluctuations in growth in length and in weight of
the 1926~30 collections of walleyes lies in the much
greater variation of the latter. This difference
has its origin largely in the nature of length
weight relation, namely, the increase of weight
approximately as the cu):>e of the length. In con
sequence of this relation, the increment of weight
corresponding to a particular increment of length
depends not only on the amount of growth in
length but also on the size of the fish at the time
the growth is made. To illustrate, under the cube
relationship a fish that" weighs 1 pound at a length
of 10 inches will increase to 1.728 pounds when

it grows to" a length of 19 inches. A 12-inch fish
that experiences the same 2-inch growth (from 12
to 14 inches), will increase its weight by 1.016
pounds (from 1.798 to 2.744 pounds) -an increase
0.288 pound greater than the 0.728-pound incre
ment nssociated with growth from 10 to 12 inches.
Thus it was that during the earlier years of the
1916-99 period the increme.nts of weight were
large not only because of above-average incre
ments of length but also because the walleyes were
relatively long for their age at the time the growth
was made. In the later years, on the contrary, the
increments of weight were small by reason both of
the small increments of length and the shortness
of fish for their age. Here we have the explana-

"tion for the fact that 1928, although a year of ap
proximately average growth in length was far
below average with respect to growth in weight.
The slow growth of preceding years had so reduced
the size of the walleyes that with average growth
in length they could not make average growth in
weight.

Contributing also to discrepancies between esti
mates of fluctuations of growth in length and in

TABLE 36.-Annual increments of growth in weight of male Saginaw Bay walleyes

[Each diagonal row gives the growth history of a year class. See table 31 for numbers of IIsh

Increment of weight (grams) in year-
~ear,of life

1918 1919 1920 Ul21 1922 1923 1924 1925 1926 " 1927 1928 1929
---------1---------------:-------------"---------
11 __ ~ :_. • • • • ._. • • __• ••__ • •
1O ~. • • , • •• ._. • .___ 79
9__ : •• • • • • __ • ._. • ._ 106 89
8_.:,_ ••• • ••• • ._. • : •• • ._ 106 97 77
7 ~. • • • • ._._. • ••• • 98 103 85 82
6 • • •• • • : ._______ "121 107 105 103 95
5 • • • 169 123 127 119 122 122
4.__ • ••• • • 175 207 166 137 168 150 112
3 ._. • •__ ._____ 179 192 166 163 128 184 99 136
2 ._._. • ."_. • ._ 164 158 145 149 139 128 84 97 92
L • ._:______ " 53 49 48 58 54 58 26 30 26 33

" "

TABLE 37.-Annual incrl!ments of growth in weight of female Saginaw Bay walleyes

[Each diagonal row gives the growth history of a year class. See table 32 for numbers of fish)

Increment of weight (grams) in year-

100 ._•• _. _
93 •__
82 _

82 126
87 102
92 120

130 111i
164 127
154 118
124 11336 _

Year of life

___________J_1_91_6_~~_~:.J1920" 1921 ~I~~ "1925" ~~~~

~L=~=================="============= =======: =====:== =:====== ======== ::::==== ==::==== ::::==:= ======== =====:== =======: ====:=:= '---i4U- g~ -"'-20411 __ •• • • •__ ._ •• • __ •__ •• ._ ••• __ ., .___ 166 128 148 119
10 • •__ •• _. ._ •• • ._ •• •••• • • • • ._____ 169 123 173 154 147
9 • • •• _. __ • ._. ••.• •• _. • ._. .__ 200 169 173 127 148 154
8__ •• • • • • •• .__ 205 179 170 148 154 136 148
7. ._. ••• __ ._ ••• __ ., •• • -__ 239" 219 193 195 143 153 186 161
6 ••• ._.,_ •• 293 298 263 234 201 183 197 198 152
5 • •• • •• ._._._._ 269 324 302 245 222 210 215 231 172 132
4 .;_. • • • .,._. ._______ 244 261 267 287 241 178 219 221 156 178 136

~---------------------.-.----------.- -----.-- __ .. 1 242 250 23~ 249

1

233 191 160 I 232

1

133 I 14~ I 1~5 121_____ .. ..._' __ ._. 1 ... _
1

180" 184 168 16. 184 1GS 152 130 89 100 9~ 128 106
L._. __ ~.-- ..-------------~..-------. 80 I 68 62 I 65 59 I 64 65 53 " 21 32 27 I 32 32 .-----••



WALLEYE IN SAGINAW BAY 47
TABLE 38.-AnnuaZftuctuation3 in the growth in weight of the Saginaw Bay walleye expre33ed a3 percentage deviation3

. . from the 1919-28 1IIean

[Percentages Cor the sexes combined are the unweighted means oC the percentages determined Cor the sexes Individually)

Percentage deviation In calendar year-
Year oC lICe, and sex

------------1------------------------------------------
First:Males____________________________

_...---- -------- 26.2 16.9 14.5 37.9 :!S.6 37.9 -36.0 -27.5 -36.9 -20.5 -13.5 --------Females________________________ • 75.2 49.4 36.5 42.0 30.1 40.8 42. 9 17.2 -51.6 -27.9 -38.7 -27.9 -27.9 ---.----Both sexes_______________________ 75.2 49.4 31.4 29.9 22. 3 39.4 35.8 27.6 -44.2 -27.7 -37.8 -24.2 -20.7
Second and later:Males____________________________

---.---- -------- -------- 20.0 16.3 16.3 18. 2 2.6 -10.1 -5.0 -19.3 -25.8 "'-12.7 -14.0Females. _______ •________________
-------. 15.5 17.7 15.8 15.5 25. 2 23.0 7.8 -7.8 -8.5 -22.4 -25.1 -23:8 -33.2Both sexes_______________________
-----_.- 15.5 17.7 17.9 15.9 20.8 20.6 5.2 -9.0 -6.8 -20.8 -25.4 -18.2 -23.6

.All years:Males____________________________ ._------ ._._---- 26.4 18.6 15.3 17.9 18.9 5.1 -11.3 -5.9 -20.2 -25.7 -12.7 -14.0Fema1es_________________________
35.2 19.0 18.2 17.2 16.1 25.7 23.7 8.3 -9.2 -9.2 -23.2 -25.5 -24.2 -3.1.6Both sexes__"____________________ 35.2 19.0 22.3 17.9 15.7 21.8 21.3 6.7 -10.2 -7.6 -21.7 -25.6 -18.4 -23.8

weight were differences with respect to the years
of life that exerted greatest influence in the com
putation . of year-to-year percentage changes.
Dnder the procedure followed (comparison of '2
consecutive calendar years on the basis of the sums
of the increments for all years of lffe represented
in the data for both years), the earlier years of
life (pa.rticularly the first and second) by reason
of their larger increments dominated the estimates
of fluctuations of growth in length. ,In the data
on weight, however, the first-year increments were
the smallest and those for the second year were
far below the increments for intermediate ages
(3 to 4 or 5 years of life) and were smaller than
many of the increments at still higher ages. Thus
the estimates of fluctuations of growth in length
·were dominated by the data for the earlier years
whereas the intermediate years were most impor
.tant !lnd the later years of life enjoyed increased
influence in the estimation of fluctuations of
gr9wth in weight. Since, as was brought out
:earlier, the .data for different years of life were
'not fully consistent with respect to the extent of
growth and direction of change of growth from
one year to another, this shift in' dominance of
years of life inevitably affected 'comparisons of
fluctuations of growth in length and weight. .

.The correlation between the sexes and between'
.the first and the later years of life was even closer
for fluctuations in growth in weight than for
growth in length. Four of the five coefficients for
weight (table 35) were larger than the corre
sponding coefficients for length and all had values
well beyond the I-percent level of probability
(four beYOl~d the O.l-percent vaJue). With
weight as with length the range of the percent-

nges wns greater for the first than for the later
years of life and for the females than for the
males.

For the sexes and all years of life combined
(bottom row of table 38; fig. 6) the growth in
weight was best in 1916 when it stoqd at 35.2
percent above the 1919-28 mean. The percentages
fluctuated about a lower level during the next 6
years--between a high of 2'2.3 percent in 1918 and
a "low of 15.7 percent in 1920. Successive large
decreases in 1923 and 1924 carried the value to
-10.2 percent in the 'latter year. A sma:ll im
provement in 1925 (to -7.6 percent) was followed
by a new decline to the minimum of -25.6 in 1927.
A rise occun'ed again in 1928 (to -18.4 percent)
but 1929 with a percentage of - 23.8 had the second
lowest v:alue of the entite 1916-29 period. The
year of relatively best gr.<?wth ~or· both length and
weight was 1916.. The poorest growth in weight,
however, occurred in 1927, 3 years later than the
season of poorest gro'w'th In length (1924).

With the fluctuations of growth in 1916-29 as
with the strength of the year classes in 1917-28
(see p. 20), preliminary analyses indicated a sig
nificant correlation with certain meteorological
conditions. Furthermore, the limited data on an
nual fluctuations in growth supplied by the 1943
sample (see section, Improvement in growth
after 1929), contrary to the situation with the
year classes, tended to confirm conclusions based
on 1926-30 collections. Because the 1943 mate
rials were so scanty, it is held desirable to post
l)One a detailed inquiry into environmental factors
influencing changes of growth rate until more
extensive information is at hand.
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IMPROVEMENT IN GROWTH AFTER 1929

In the earlier comparison of the general growth
of the walleyes of the 1926-30 and 1943 collections,
it was brought out that first-year growth was much
the same in the two groups but that fish of the
1943 collection had grown by far the better in the
second and later years of life. Although the data
for the 1943 sample (tables 39, 40, 41, and 42) do
contain fragmentary information on first-year
growth as far back as 1930 and on growth beyond
the first year as early as 1931, the representation
of some of the year classes was so weak (females
of year-classes 1932 and 1935 were lacking; males
included no year classes earlier than 1933) as to
limit sharply the dependability of estimates of
annual fluctuations by means of procedures fol
lowed with the 1926-30 collections. These tables
do provide, however, some information on the
question of the time of oc.currence of the improve
ment in growth rate from the low level of the late
1920's to that which characterized walleyes of the
1943 collection as a group.

The trends of growth of the 1943 walleyes in the
second and later years of life are not clear cut. A
possible exception to this statement is offered by
the inc.rements for the third year of life which
were at a distinctly higher level in the more recent
years (after 1935 or 1936) than in earlier years.
For other years of life this trend toward improved
growth in the more recent years is relatively weak
or lacking. It is largely the pronounced upward
trend in the third-year increments together with
the obviously good growth of 1941 that giv~ the
impression that the general trend during the years
covered by the data from the 1943 collection was

,irregularly upward.

TABLE 39.-AlmuaZ increments of growth in length of maZe
Saginaw Bay walleyes of the 1943 collection
[Each diagonal row gives the growth history of a year clsss)

Increment of standard length (millimeters) In year-
Y1~of 1---;--..,--,----,---,-,..----,----.-----,-

1933 1934 1935 1936 1937 1938 1939 1940 1941 1942

10.. • • .__ 14
9_. • .__ 13 19
8_. • ._. • ._____ 11 18 16
7•• 19 21 16 22
6•. •• • 24 27 22 32 26
Ii ..••• ._ ._____ 30 38 32 29 37 26
4..• • .__ 50 46 32 49 48 48 51
3..• .____ 69 62 84 80 85 87 97 76
2.. .__ 112 108 130 118 107 103 113 136 _
1.________ 157 141 116 118 134 142 122 148 ••• _

Number
of fish_. 3 3 2 Ii 14 3 49 101 •••_.__

Regardless of what the trends of growth may
have been during the years covered by the data
of the 1943 collection, such information as we have
suggests strongly that much of the advantage of
the 1943 walleyes over those collected in 1926-30
had become established in the early and middle
1930's. For example, the second-year growth of
females in 1929 was 85 millimeters (table 32), a
figure far below any of the second-year incre
mentsof 1943 females in 1931-35 (101 to 143 milli
meters). Similarly, the third-year increment in
1929 (48 millimeters) was less than the 1932-35
figures of 56 or 57 millimeters and was much below
the 1936 value of 78 millimeters. The continua
tion of these comparisons to other years of life
and to the data on growth in length, of males and
on growth in weight of walleyes of both sexes leads
to the general conclusion that a sharp upturn in
growth rate must have occurred soon after 1929.
Any uncertainty arising from the small numbers
of fish on which data on growth in the early and

TABLE 40.-AnnuaZ increments of growth in length of female Saginaw Bay walleyes of the 1943 collection

[Each diagonal row gives the growth history of a year class)

Increment of standard length (millimeters) In year-
Year of life

1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942
-----1---------------------------------------
13 ._._ •• __ • • • • • . • • • •• •• • ._•• 17
12_, • • • • ._. • • ._. • • • .___ 20 19
11. • • • • •• • ._________ 12 18 _
10 • •• • • • .___ 17 27 ._ 22
D • • • • • • • 17 22 18 25
8 • • • ._. • • ._. .__ 28 22 • ID 25 • _
7. • • • • ._____ 44 34 .______ 28 28 _. .___ 37
6 • • • • ._ 40 34 34 45 40 37
5 • •• 64 1i9 43 47 _.•• 50 56 44
4__ . .________ 47 68 53 46 .___ 73 63 59 57
3. • ._._ 57 , 56 .__ 56 78 .____ 75 103 7D 108 86
2. .___ 143 101 • ._ 134 106 105 108 123 117 138 • _
1 •• 139 132 -- __ • ._, 152

1

150 1__________ 143 1 127 170 127 148 ._

--1--------1----1----1--'---
Number offlsh_____ 2

1
1 •• 1 1 21_···______ 3 16 1 1 30 50 -.-------- •• --------
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.1 See Carlander's pnper and Eschmeyer (1950) for additional
references on the growth of the walleye.

by Carlander (1945)32 make possible the compari
son of growth in three major centers of commer
cial production in the United States (table 43 and
fig. 7). In the interest of uniformity, the data
of those two investigators were submitted to cer
tain adaptations. For Carlander's data only a
conversion from standard length in millimeters
to total length 'in inches was required. With the
Lake Erie data the ealculated lengths, which were
c.omputed by direct proportion for Deason's pre
liminary report, were recalculated on the basis of
an intercept of 50 millimeters (see p. 10). These
corrected ealculated lengths were then converted
from tape to board measurement (see p. 9) and
from standard to total lengths. The data of table
43 were carried only through those years of life
for which reasonably adequate data were avail
able (records for Saginaw Bay walleyes were de
pe.ndable beyond the ninth year but comparable

Increment of weight (grams) in year-

middle 1930's are based is more than compensated
for by the consistency and the degree to which
growth was better than in 1929.

GROWTH IN SAGINAW BAY COMPARED
WITH THAT IN OTHER AREAS

Studies of the growth of the walleye in Lake
Erie by Deason (1933) and in Lake of the Woods

TABLE 41.-Annual increments of growth in weight of male
Saginaw Bay walleyes of the 1943 collection

[Eacb diagonal row gives tbe growth history of a year class. See table 3Q
for numbers of fish]

Y~f~ of 1933 19341~ 1936 1937 19381~ 1940 1941 1942

10 •. _ 130
9 • • • ._. .__ 114 155
8 • . • • ._ 92 135 119
7 . •.. ._ • ._ 148 144 110 161
6_. • • ..• 171 165 139 207 172
5.. ._.___ 187 196 176 161 220 155
4 . •• .___ 254 1S6 148 219 226 234 251
3__• • 246 152 270 237 266 282 304 305
2. ._ 202 164 173 149 150 15.~ 144 254 _
L________ 50 36 20 21 31 37 24 42 . _

TABLE 42.-Annual increments of growth in weight of female Saginaw Bay walleyes of the 1943 collection

[Eooh dlo.gonal row gives the growth history of a year class. See tahle 40 for numbers of fish]

Increment of weight (grams) in year-
Year of lire

1930 1931 1932 1933 1934 1935 1936 1937 1938 1939 19tO 1941 1942

------1---------------------------------------
13. • ._. •. __ • __•__ • • • . • • ._. •• _. • , __ , • • .______ 263
12. .• .. ._. ._. • • . . . • __ • .•_ 292 247
11 __ ._ •• ._. . ••• ••__••_. __ • . • ••• •__ .______ 167 219 _. •__ ._
10 ••• . • . . • __ • •• ._ •• ••• ._. •__ • __• •• ._ 225 303 • •• _ 254
9__ • ._ .. .. .. _. •• . • • •__ .______ 211 226 _.________ 192 277
8. • • .. . .• • • • ••_•• • .__ 323 207 •••• 189 252 • _
7._. • • __ •••• • • ._________ 442 284 ._ 254 254 362
6 . • . •• 339 245 270 349 _._. . 333 321
6._. ._. .. . ._.. __ 431 340 287 295 _. • 341 397 347
4 . . __ • .. . 238 274 __ ._______ 278 226 __ ._______ 364 331 366 318
3 . .• ._.... 212 148 ._._______ 213 263 _. •• 238 330 338 374 361
2 • •. .... _ 255 134 256 173 • .__ 159 141 261 161 260
1. • • • 35 30 ._._ 46 44 ••. 38 27 64 27 42 . •__ • _

Saginaw Bay

I D3ta adapted from Carlander (1945).
• Data lldapted from DellSOn (933).

.. The record of lengths for walleyes from Lake of the Woods
was terminated at the end of 9 years because of the sharp dis
agreement at higher ages between growth curves as based on
graud·a'·erage lengths and as determined from the summation of
grand·average ann nn1 increments•

data were not available from other localities).ss
The lengths for walleyes from Lake of the Woods
and Lake Erie were based on the sexes combined;
for Saginaw Bay they are the unweighted means
of the lengths determined for males and females
separately.

The most noteworthy features of the data of
table 43 are the high calculated lengths of Saginaw
Bay wa.lleyes of the 1943 eollection a.nd the dif
ferences between Saginaw Bay fish a.nd those from
Lake of the Woods and Lake Erie in the trend of

19431926-30

Lake of the I Lake Erie IWoods!
---,---1--------;-----
•

TABLE 43.-Comparison of the growth of walleyes in Lake of
the Woods and Lake Erie with that in Saginaw Bay

[Total length in Inches]

Year
of

life
Length ~~ Length ~~~t

Length :~~ Length :~t

------------------
1._____ 6.4 6.4 6.0 6.0 6.8 6.8 6.4 6.4
2______ 9.3 2.9 9.7 3.7 10.8 4.0 12.0 5.6
3_.____ 11.5 2.2 12.1 2.4 13.6 2.8 16.0 4.0
4._____ 13.5 2.0 15.1 3.0 15.7 2.1 18.5 2.5
5._.___ 14.9 1.4 18.0 2.9 17.2 1.5 20.4. 1.9
6 __ .. __ 16.7 1.8 18.5 1.3 21.7 1.3
;______ 18.2 1.5 19.3 .8 22.8 1.1
8 __ .___ 19.9 1.7 • .____ 20.0 .7 _
9______ 21.6 I. 7 • . 20.6 .6 _•.• _
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FIGURE 7.-Comparison of growth in length of walleyes in Saginaw Bay (l~26-30 collection, long dashes; 1943
collection, solid line), Lake Erie (dots and dashes), and Lake of the Woods (short dashes).

the annual" increments during the later years of
life. Examination of the increments reveals that
the advantage of Sa.ginaw Bay walleyes of the
1943 collection over those of other localities or
collections was established entirely or principally
in the earlier years of life-in the first through the
third with respect to Lake Erie fish and in the
second through the fifth with respect to walleyes
of Lake of the 1Voods and of the Saginaw Bay
1926-30 collections. The increments of Saginaw
Bay walleyes collected in 1943 declined so rapidl~T

with increase in length that Lake Erie fish had

better growth in the fourth and fifth years and
Lake of the W'oods walleyes in the sixth and sev
enth; the growth of Sagina.w Bay walleyes of the
1920-30 samples equaled that of the 1943 fish in
the sixth year but again was the smaller in the
seventh.

Differences between Saginaw Bay fish and wall
eyes from Lake of the Woods and Lake Erie in the
trends of growth during the later years of life led
to two distinct types of growth curves. In both
of the Saginaw Bay collections the consistent de
crease of the annual increments with increase of
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Two of the three fish in age.-group. XIV were
males. The general trend in the changes of the
percentage of males with increasing age is brought
out by the following tabulation:

Thus it is seen that the relative abundance of the
males was twice as great in age-groups IV to IX
as in age-groups X to ~IV.

In late spring, the representation of males rose
from 42.5 percent in age-group II to 60.0 percent
in age-group IV, declined to 36.0 percent in age
group VI, increased again to 41.7 percent in age
gTOUp VII, and ranged between 22.0 and 11.8 per
cent in age-groups VIn to XI; all 7 fish more than
11 years old were females. The general trend
may be seen in the following summary:

Here the extreme scarcity of males at the highest
ages is striking. Relatively, males were 2% times
as plentiful in age-groups VI to VII and more
than 3 times as abundant in age-groups II to V as
in age-groups VIII to XV. The downwarq trend
that culminated in this low percentage of IQales
at the higher ages perhaps cannot be held to have
started until after the fifth year since the percent
age of males in the V group (47.8), although sub
stantially less than that in the IV group (60.0)
was still above the value for age-group II (42.5)

Number of Numberof Percentage
males females males

53.9
40.0
16.1

56.9
28.2

244
94

450
51
52

527
34
10

322
37

Number of Number of Percentage
males females males

II-V.••• ._•••_._ ••_. • •__
VI-VII..._•••_••••_••••_•• __ ._. ._.
VIII-XV.••_••• • .

Age groups

Age groups

IV-IX...__ ••.•.• •••••••.•• _
X-XIV•••••••_•• ••• __ .•• •.

.. Sex data available only for the VII group and older In 1929
see footnote to table 44.

SEX RATIO
CHANGES WITH INCREASING' AGE

Despite pronounced irregularities in the trends
of changes in the sex ratio with each successive in
crease o'f a.ge, male walleyes of the Saginaw Bay
collections tended strongly to be relatively less
abundant at the higher than at the lower ages in
both the combined spawning-run samples of 1927
and 1929 and the late-spring collections of 1929 34

and 1930 (table 44). In the spawning-run col
lections, the representation of males dropped from
71.4 percent in age-group IV to 52.5 percent in
age-group VII, increased to 61.7 percent in age
group VIII, and thereafter declined consistently
to a minimum of 18.2 percent in age-group XIII.

age resulted in a progressive decrease in the slope
of the curves. In Lake Erie, on the other hand, no
downward trend can be demonstrated beyond the
third year-in fact, the fourth- and fifth-year in
crements were greater than the third-and in fish
from Lake of the 'Woods the variation of the in
crements in the fifth thi'ough the ninth years of
life may be termed irregular. The sustained
growth in the later years permitted Lake Erie
walleyes to overtake and pass the Saginaw Bay
fish of the 1926-30 collection during the fifth year.
The Lake of the 'Woods walleyes, however, did not
overtake the 1926-30 fish from Saginaw Bay until
the ninth year of life. This relationship among
growth curves of walleyes in which the popula
tions (or collections) with the greater lengths in
the earlier years lost much or all of their advantage
during later years is closely similar to that ob
served in five populations of rock bass of northern
Wisconsin (Hile 1942).

TABLE 44.-TTariation of the sex ratio with a.ge in spawning-run and late-spring collections of Saginaw Bay walleyes

Representation of sexes In age group-
Collection All

II III IV V VI VII VIII IX X XI
ages

XII XIII XIV XV
----------------------------

Spawninp: run (1927. lIr.9):
Number of mal('S _______ ----- ... ... _---- 5 18 72 106 82 39 21 9 3 2 2 -------- 359
Number of females______ 2 11 51 96 51 33 45 26 13 9 1 -------- 338
Percentage males _______ 71.4 62.1 58.5 52.5 61.7 54.2 31.8 25.7 18.8 18.2 66.7 51.5

Late spring (i929, 1930): I
--------

Nwnber ofmales _______ 17 154 246 110 9 25 5 2 2 1 -------- -------- -------- 544
Number of females______ 23 143 164 120 16 35 19 15 7 4 ----··5· 1 -------- 1 516
Percentage males _______ 42. 5 51.9 60.0 47.8 36.0 41.7 20.8 11.8 22.2 20.0 .0 .0 -------- .0 51.3

I Adequate records of.sex were available only for the VII group and older fish In 1929; although the 1929 records w~re includro in the data for individual age
groups, the totals at the TIght are based on the 1930 collections aloue.
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and not much less than that for age-group III
(51.9).

At corresponding ages the percentages of males
were consistently higher (usually by a wide mar
gin) in the spawning-run samples than in those
of late spring. The nearly equal percentages in
the two collections for all age groups combined
(51.5 percent males in the spawning run; 51.3
percent males in late spring-1930 only) was the
result of the greater age of the spawning-run fish.
Given the same age distribution, males should be
much more plentiful in spawning-run than in late
spring collections.

The only collections in addition to those covered
in table 44 for which sex data were recorded for
all or nearly all individuals were poorly suited for
the study of the relation of the sex ratio to age.
In the samples taken in the fall of 1926, 29i of the
305 walleyes were of the same age (I group). In
this group 145 were females, 145 were males, and
sex of 1 fish was undetermined. Dominance of a
single age group was not so sharp in the collection
of May 4, 1943 (52.4 percent of the total in age
group III-see table 12), but even here only 3 of
the 11 age groups contributed more than 90 per
cent of the total number. Although the data from
the 1943 sample exhibited no distinct trend as to
sex ratio, it is to be noted that all 3 fish more than
10 years old were females.

Greater destruction of males than of females in
the fishery may have contributed to the lower per
centages of males at the higher ages. During the
spawning period, at which time the heaviest fish
ing is carried on and practically all fish captured
are adults, the males may be much the more vul
nerable sex, since as will be shown in the next
section, they tend to mature at an earlier age than
do females. Hence during the years of life when
at least some of the males are mature, but below
the age at which all fish of both sexes have attained
maturity, males are on the spawning grounds in
numbers out of proportion to their true represen
tation in the age groups as a whole. To some ex
tent the effects of earlier attainment of maturity
of the males should have been offset at the time of
collection of the 1926-30 samples by the fact they
attained the then legal minimum size of l:1h pounds
in the sixth year as compared with the fifth year
for the females. To what degree the males ac
tually benefited from this theoretically greater

protection is problematic for it is known that in
the years of the l%-pound limit large if undeter
mined quantities of undersized males ("jacks" in
the parlance of commercial fishermen) were mar
keted illegally.

The explanation of the decreasing relative
abundance of males with increasing age on the
basis of their earlier attainment of maturity can·
not account for the continuing decline in the per
centage of males at those higher ages at which no
fish of either sex are immature (beyond age-group
VI if the 1930 data hold for all fish of the 1926
30 collections). Here, a higher rate of destruc
tion of the males can take place only if they are
the easier to catch, that is, remain longer on the
spawning grounds than do females or are the more
active. That males may be more catchable than
females during the spawning season is evidenced
by the fact that for all ages, including those at
which all fish are mature, the percentage of males
ran higher in the spawning-run than in the late
spring samples.

There is no reason to believe that the rates of
commercial exploitation of tlle sexes at corre
sponding ages differed at periods other than
the spawning season exc.ept possibly for the ques
tionable additional protection that males may have'
received as the result of their later attainment of
legal size. .

Belief that the reduced percentage of males in
the higher age groups of the walleyes was the
result of their greater mortality in the commercial
fishery is supported by the earlier observation that
no real downward trend in the percentage could be
demonstrated among the younger fish (that is, fish
largely immature and of less than legal size).

Even though a re~atively high exploitation rate
for spawning-run males resulting from their ear
lier maturity and greater activity may seem ade
quate to explain their decreasing percentage with
increase of age, the possibility should not be over
looked that the natural mortality rate as well as
the rate of exploitation may be higher for males
than for females. Strong evidence that the natu
rnl death rate of males is higher than that of fe
males has been presented by a number of investi
gators. (See Hile 1936 and 1941, and Deason
and Hile 1947 for discussion and references to
literature on the changes of the sex ratio with
increase of age.)
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CHANGES WITHIN COLLECTING PERIODS

Spawning period

It is commonly believed that males tend to pre
dominate in the earlier and females in the later
part of the spawning period. This belief is sup
ported by the data on collections made over the
period, April 4-23, 1929 (t..'tble 45). Males were
in the majority on both April 4 (56.3 percent)
and April 7 (59.2 percent) and made up 58.0 per
cent of the combined samples. (The April 6
sample, which is obviously abnormal, is discussed
later in this section.) They were in the minority
however, in each of the three samples of Aprii
13-2:3 and comprised but 41.6 percent of the com
bined samples.

In view of the relation between sex ratio and
age demonstrated in the preceding section, changes
in the age composition and hence in average age
must be considered as a possible factor in fluctua
tions of that ratio. An explanation of the lower
percentage of males in the April 13-23 samples
on the basis of age is not acceptable, however. It
is true that these fish averaged older than wall
eyes collected April 4 and 7, but the difference
between the averages-only 0.19 year-was ex
tremely small. Furthermore, the examination of
the data on mean age and Be."{ ratio for the indi
vidual samples fails to reveal a correlation be
tween the two. Finally, the trend toward fewer
males on the later collecting dates was exhibited
by four of the five best-represented age groups as
well as by all age groups combined.3lI The shift
toward a lesser relative abundance of males in the
last three samples, therefore, was a real, not an
apparent phenomenon, traceable to changes in age
composition. Whether the change represents a

'" See table 5 for the numerical representation of males and
females In the various age groups on the several dates.

shifting about within a single stock or the succes
sive domination of the catch by different stocks
with different sex ratios cannot be stated.

The April 6 sample in which all 53 fish were
males is precisely the type that causes grave con
cern as to the possible inaccuracy of records. Un
fortunately it ,vas impossible to consult the
collector concerning the sampling.ss The follow
ing circumstances, however, lead to the conclusion
that the collection of April 6 almost certainly was
a true sample of the catch: First, the serial num
bers ran consecutively from the largest fish of the
April 4 sample to the smallest one of the April 7
sample; second, in none of the remaining five
collections had the scale envelopes for males and
females been separated-hence the possibility
seems remote that the envelopes were sorted ac
cording to sex and those for females subsequently
lost.

To determine whether any unusual weather con
ditions existed near the time of the April 6 collec
tion the meteorological records were examined for
the Saginaw Bay area. This examination re
vealed that a severe storm accompanied by heavy
rainfall (amounting to 2.10 inches at Bay City)
occurred on April 5. Whether this storm actually
caused males only to be taken on April 6, and if so,
how that result was produced are strictly matters
for speculation at this time.

Late spring

In the late spring of 1930, as in the spawning
season of 1929, the sex ratio fluctuated consider
ably from sample to sample (table 46). Again it
is possible to divide the collecting season into two
periods. In the samples of April 30-May 17,

II Dr. Jan Metzelaar who made the collections from the 1929
spawning run met his untimely death later In that same year.

TABLE 45.-Fl1tctuatiOnll in S/l3; ratio and relation oj the ratio to average age dur~ng the spawning season of 19S9

Percentage males in age group-

Dat~ of collection
VI VII VIII

68 56
100 100
59 79

62 71

32 37
48 43
35 42

38 40

IX x

All ages combined ' .
Average

Number of
age (sexes

Nllmberof Percentage combined)
mnles females males

49 38 56.3 8.05
53 0 100.0 7.68
74 51 59.2 7.77

123 89 58.0 7.88

45 67 40.2 8.28
38 63 37.6 8.13
44 48 47.8 7.75

127 178 41.6 8.07
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males comprised 59.3 percent of the total whereas
they made up only 42.4 percent of the collections
of May 22--June 20. Within each of these two
periods no trend is discernible. The largest devia
tion from the general level in the earlier period
was the value of 46.5 percent for May 8, 11, and 13.
This' figure was still higher, however, than the
mean for May 22--June 20. In the later period the
percentage of 49.0 for June 1 and 3 was well above
the average but still below the mean for the earlier
period. ' ,

Differences of age do not account for the lower
percentage of males in the second period. On the
contrary, had age been an important factor the
younger walleyes of May 22-June 20 (average
age, 3.74 years) should have included a higher,
not a lower, percentage of niales than the fish of
April30-May 17 (average age, 4.50 years). Fur
thermore, in these samples, as in the spawning-run
samples of 1929, the tendeney toward a lower per
centage of males in the latter part of the collecting
period is to be found in the data for the best
represented individual age groups III to V.37

dominated in successive periods by different stocks
with different natural sex ratios. The data pre
sented earlier (p. 29) on fluctuations of weight
during the late spring of 1930 would seem to favor
the latter assumption. At that time it was pointed
out that walleyes captured April 25-May 13 were
approximately 20 percent heavier than fish of cor
responding length taken May 19-June 20. The
opinion was expressed that this decline was greater
than could reasonably be accounted for as the re
sult of weight losses by individual fish and hence
that the stock probably was heterogeneous as
regards the length-weight relation. Since the
late-spring samples of 1930 can be grouped in ap
proximately the same periods with respect to
weight and sex ratio (fish were weighed on some
days scale samples were not talten; collections of
Ma)' 15 and 17, held to be intermediate between
the April 25-May 13 and May 19-June 20 fish in
weight, agreed well with the walleyes of the earlier
period in sex ratio), the assumption of het
erogeneity in sex ratio as well as in weight is
attraetive.

Data on both sex and state of organs on all or
nearly all walleyes were recorded only for the col
lections of April 25-June 20, 1930, and May 4,
1943. The reliability of the latter collection for
the study of maturity is held questionable, because
of the presence of spawning fish and the conse
quent possibility of a certain, if unmeasured, seg
regation on the basis of maturity. This collection
did contain numbers of immature fish (all of them
females) but they might have been more plentiful
in samples taken after the completion of spawning
activities. The data on the relation between
length and maturity (table 47) accordingly are
based entirely on the 1930 materials. The neces
sary breakdown of the data so reduced the numbers
of specimens in the individual entries that the
variation of the percentages of maturity with
length was at times decidedly irregular. To over
come the difficulty occasioned by these irregulari
ties the percentages were plotted and curves fitted
to them by inspection (fig. 8). Values read from
the curves, although certainly approximations,
have some superiority over individual percentages.

SIZE AND AGE AT MATURITY

2

6

50

9
2
o

66

ge

I Percentage males In All ages combinedage group- Avera
Date of collec· age

tton Num· Per· (sexes
Num·

~nt·
com·m IV V bel' of hcl' of billed)

males females age
males

----------
tErIl 30.......• 83 64 49 98 65 60.1 4.31

ay 3,5' •... _. 83 72 74 99 39 71.7 4.3
8, 11, 13... 54 66 45 74 85 46.5 5.05
15,17._ ... 56 60 70 61 39 61.0 4.1------------

April30-May
17........._ 71 66 55 332 228 59.3 4.

= --= ------ -
May 22.24._ •.• ,44 43 11 48 74 39.3 3.8

21},29__ ••• 50 48 20 56 8:1 40.3 4.0
June I, 3..... :. 49 54 1i5 1.\0 52 49.0 3.3

9, 18, 20... 38 60 23 58 79 42.3 3.
------------

May 22-Ju110
20. _....... 45 51 24 212 288 42.4 3.7

TABLE 46.-Fluctuations in sex rallo an,d relation of the ratio
to average age in the spring of 1930

I Based on only four fish.

The question arises again as to whether the dif
ferenees in the sex ratio in two parts of the same
general c,ollecting period represent a change in the
distribution (or activity) of males and females
within a single stock or whether the catches were

.T See table 6 fol' the numerical representation of males and
females In the different age groups on the seve~al dates.
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FIGUllE S.-Percentage matUl'ity of male (open dots) and female (solid dots) Saginaw Bay walleyes according to length.

The curves were fitted bi inspection. .

The difference between the sexes with respect to
the size of the smallest sexually mature fish and
that at which all were mature was small. The
shortest mature female was 12.2 inches, and only
one shorter mature male (11.3 inches) was ob
served. At the other extreme, the males attain~d

100-percentmaturity at 18.0 inches and the females
at 18.4 inches. Between these points the trends
of the percentages of maturity with increase of
length differed sharply in males and females. In
the males, the percentage rose rather steadily as
length increased. But for a slight upward CUl'VR

ture of the line the increases could be termed pro
pOl'tional. The line for the females, on the other
hand, was flat at the smaller lengths, curved
sharply upward at about 15-16 inches, and was
steep at the greater lengths. The difference in the
shape of the curves caused the disparity between

the percentages of mature males and females to
be greatest at intermediate lengths (with the.larg
est disagreement at about 16 inches). At the 1%
pound (17.1-inch) minimum legal size in effect in
1930 the percentages of sexually mature fish as
estimated from the curves were slightly above 80
percent for the males and a little better than 50
percent for the females. At the present minimum
legal length of 15lh inches tlle percentages are
just above 50 percent for tlle males and roughly 20
percent for tlle females.

The large percentage of immature females at
15lh inches indicates that they derive relatively
small protection from the present minimum legal
size. They do, however, enjoy a most effective
"biological" protection. Since the heaviest catches
are made during the spawning season and since
walleyes captured at that time are almost exclu-
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I All fish or lengths greater than thOle shown in the table (5 males and 76
females) were mature.

TABLE 47.-Relation between lenyth and 8exual maturity of
walleye8 captured from Apri BS to June 20, 1930

Standard Total I--,..---,---I-----,---r---
length I length Imma. Percent- Imma- Percent-

ture Mature age ture Mature age
mature mature

SUMMARY

1. The average annual catch of the Saginaw Bay
walleye was 1,149,000 pounds in 1891-1919, 652,000
pounds in 1920--31, 1,466,000 pounds in 1932-43,
and only 396,000 pounds in 1944--51. The com
mercial take was under 100,000 pounds in each of
the 3 years, 1949-51.

2. The age and growth studies were based on
the determination of age for 3,652 fish and the
computation of individual growth histories (from
scale measurements) for 2,427 specimens collected
in 1926-30 and 1943. Growth computat.ions were
made on t.he assumption that the body-scale rela
tion of the Saginaw Bay walleye is described by a
straight line with an intercept of 50 millimeters
on the (standard) length axis.

3. Age composition and mean age varied widely
according to season of capture in the 1926-30 col
lections. The two fall samples were dominated by
age-group I and had a mean age (average number
of annuli) of 1.28. Spawning-run collections were
dominated by age-group VII and had a mean age
of 7.60. Age-group IV dominated the two late
spring collections; the mean age was 3.90. The
1943 sample taken near t.he end of the spawning

mature) and no immature fish were found beyond
the VI group.

All males, including one II-group fish, and all
females older than the IV group were mature in
the rapidly growing fish of the May 4, 1943, col
lection. As was pointed out previously, however,
the value of this sample for the study of maturity
is open to question.

TABLE 48.-Percenta.ge maturdy by age and 81lZ of Saginaw
Bay walleye8 in 1930 and 1943

Date or Age group-
collection. Item
and sex II III IV V VI

--------
Apr. 30-

June 20, {Total length (Inches). 10.6 12.7 14.4 16.0 16.41930:
Males___ Number In age group. 17 154 246 110 9

Number mature ____ • 0 21 85 79 7
Percentage mature __ .0 13.6 34.6 71.8 77.8

{Tota11ength (lnches)_ 10.1 12.8 14. 7 16.6 17.6

Females.. Number In age group. 23 143 164 120 16
Number mature _____ 0 6 26 59 11
Percentage mature__ .0 4.2 15.9 49.2 68.8

Mo.y 4. {Total length (lnches)_ 15.2 16.4 17.5 18.5 19.81943:
Males. __ Number In age group. 1 10\ 49 3 14

Number mature _____ 1 101 49 3 14
Percentage mo.ture__ 100.0 100.0 100.0 100.0 100.0

{TOtal length (lnches)_ 14.0 17.0 18.6 21. 2 22.1

FClIIlBIes_ Number In age group. 1 50 30 1 16
Number mature _____ 0 6 22 1 16
Percento.ge mature __ .0 12.0 73.3 100.0 100.0

FemalesMales

sively mature individuals, the mere state of imma
turity provides almost complete exemption from
capture during the period of greatest exploitation.
That an excessive destruction of immature fish has
not taken place under the 15%-inch limit is demon
sb'ated by the continuing success of the spawning
run fishery. Because of this success there is no
reason to believe that the recent scarcit.y of wall
eyes in Saginaw Bay is to be attributed to the
destruction of immature fish. At the present time
there is no reason to hold that an increase in the
size limit is needed.

Walleyes seem to mature sexually at "a greater
size in Saginaw Bay than in Lake Erie where
Deason (1933) found that males 13% inches long
and larger and females 15 inches long and larger
were practically all mature.

The data on the percentage of sexually mature
fish at different ages in 1930 (table 48) reveal that
no II-group walleyes of either sex were mature
anel that the percentnges were small in the III
group (males, 13.6 percent; females, 4.2 percent).
The percentnges increased consistently in the suc
ceeding age groups. In 5 years, 49.2 percent, or
nearly half, of the females and 71.8 percent of the
males were mature. Immature fish were dis
tinctly in the minority in ug~-groupVI (77.8 per
cent of the males and 68.8 percent of the females

InrheB180 mm ___ •____ 8.4 1 . -~----~ 0.0 1 -------- 0.0190 mm________ 8.8 -------- -------- _.. _....-.. - 2 -------- .0200 mm________ 9.3 ------4' __ 4" ____

--'--~ii-
1 -------- .0209 mm________ 9.7 --- .. --- 7 .... -----. .0219 mm _______ • 10.1 4 .0 5 -------. .0229 mm. _______ 10.5 7 .0 4 .._----- .0
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season was dominated by age-group III and had
an average age of 4.06.

4. Records of age composition of the subsam
pIes (that is, collections of fish made on a single
day or over a few days) of the 1929 spawning run
revealed only limited variation within the spawn
ing season. Age composition was much more vari
able in the late-spring collections of 1929 and 1930,
and in both years the mean age exhibited a distinct
.downward trend toward the end of the collecting
period.

5. Shortcomings of the original data (variation
of age composition between and within seasons;
lack of fall and spawning-run samples in any 2
consecutive years) prohibited a precise evaluation
of the relative strength of the year classes. A
ranking of the 1917-28 yelLr classes into five C!Lte
gories was made, nevertheless. From the strong
est year classes (1) to the weakest (5), the rank
ings were as follows: (1) 1919, 1925; (2) 1920,
1921, 1922, 1926, 1927; (3) 1918, 1923; (4) 1917,
1924; (5) 1928. In the 1943 collection, year-classes
1937 and 1940 appeared to be stronger and year
classes 1938 and 1941 weaker than average.

6. Seasonal differences in the age composition
of walleyes of the 1926-30 collections were re
flected in differences in length distribution, mean
length, and percentage of legal-sized fish in ran
dom samples from impounding nets. In the fall
collections, the average total lengths and the per
centages of walleyes legal at the present minimum
length of 15~ inches were for 1926-10.0 inches,
1 percent; 1928-11.1 inches, 1 percent; 1929-14.8
inches, 48 percent. In the late-spring collections,
the lengths and percentages of legal-sized fish were
for 1929-13.8 inches, 21 percent; 1930-14.7
inches, 30 percent. In the spawning-run collec
tions the figures were for 1927-19.1 inches, 98
percent; 1929-20.1 inches, 100 percent. The late
spawning-run sample of 1943 averaged 17.9 inches
long and included 96 percent of legal-sized fish.
. 7. The length distributions of successive age
groups overlapped extensively in both the 1926-30
and 1943 collections. At the higher lengths as
many as 7 age groups were represented in a single
length interval of approximately 0.9 inch.

8. The relation between the standard length in
millimeters (L) and the weight in grams (W) of
5,080 Saginaw Bay walleyes captured in different

seasons and calendar years was described satil'l
faetOl'ily by the equation, W=1.376X 1O-5L2.DS9.

9. The we.ights of walleyes of corresponding
lengths and captured in the same nets exhibited
pronounced short-term fluctuations during the
late spring in both 1929 and 1930. The period
May 8-June 18,1929, could be divided into 5 sub
periods in which the mean weights of walleyes
differed by 5to 12% percent from those of adjacent
subperiods. In 1930 walleyes captured April 25
M!LY 13 averaged about 19 to 20 percent heavier
than fish captured May 19-June 20. It was con
cluded that the population is probably heterogene
ous with respect to the length-weight relation and
that different segments of the population domi
nated the samples at different times.

10. Walleyes collected in the fall in 1928 and
1929 averaged heavier than fish caught in the
late spring in 1929 and 1930 by 12.7 percent at 8.8
to 14.9 inches and 18.5 percent at 15.3 to 18.0 inches.
The mean weights of sound walleyes averaged
5% to 6'~ percent heavier than those of' fish of
corresponding length infected with LympMcystiB.

11. Differences of growth between the sexes and
between the 1926-30 and 1943 samples made neces
sary the use of four separate curves for the de
scription of the growth of the Saginaw Bay wall
eye. Sex differences of growth were small or nil
during the first 2 years of life but in the third and
later years both the average size and the annual
growth increments of females exceeded those of
males of corresponding age. The first-year
growth of the 1943 walleyes was slightly less than
that of fish of the 1926-30 collections. For all
later years the actual sizes and for practically all
years of life the annual increments of the fish col
lected in 1943 exceeded those of 1926-30 walleyes
of corresponding sex and age.

12. The limited data on annual growth avail
able from walleyes of the 1943 collection indicated
that much of the advantage of the 1943 over the
1926-30 walleyes with respect to rate of growth
had become established in the early and middle
1930's.

13. Ma."l:imum annual growth in length occurred
during the first year of life of both males and
females in both collecting periods. During later
years the increments e.xhibited a rather consistent
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downward trend. Times of attainment of the
present minimum legal total length of 15'% inches
were for 1926-30 males-early in fifth year (more
properly fifth growing season) ; 1926-30 females
latter part of fourth year; 1943 males-near end
of third year; 1943 females-past the middle of
the third year. Latest years of life for which
data were available and corresponding calculated
lengths were for 1926-30 males-14 years, 21.3
inches; 1926-30 females-15 years, 25.0 inches;
1943 males-10 years, 23.3 inches; 1943 females
13 years, 29.5 inches.

14. Annual fluctuations of growth in length
were similar for males and females and for first
year and later growth. The quality of growth for
both sexes and all years of life expressed as per
centage deviation from the 1919-28 mean, stood at
the maximum of 12.8 percent above average in
1916. Gl'owth was 6.8 to 11.7 percent above aver
age during the next 6 years, 1917-22, but dropped
rapidly from 9.2 percent in 1922 to 1.0 in 1923 and
-14.2 percent in 1924. An improvement to -4.0
percent'in 1925 was followed by another drop .to
-11.3 ,in 1926. Improvements in both 1927 and
1928 brought growth slightly above average (0.2
percent) in the latter year put another sharp de
cline occurred in 1929 (to·....., 11.7 percent).

15. The first-y~ar calculated increments of
growth in weight were small (less than 0.1 pound)
tor both sexes in both .collecting periods. These
increments ~ncreased to (with one irregula~ity) a
maximul11 in the third, to fifth year of life and
thereafter exhibited, a fairly consistent downward
tre:p.d (not "prono\lneed in,the 1943 females).
Times of attainment of the weight of 1 pO:Ul).d were
for 1926-30 males-near end of fourth year; 1926
30. female~middle of fourth year; 1943 males
latter, part of third year; 1943 females-past the
middle of third year, Latest years for which data
were availabl~ ,and corresponding ealculated
weights were for 1926-30 males-14' years, 3.05
pounds; 1926-3,O.. females-15 years, 4.91 pounds;
1943 males-10 years, 4.00 pounds; 1943 females
13 years, 8.14 pounds.

16. Growth in weight (as estimated from data
for both sexes and fo~ all years of life) was at the
maximum of 35.2 percent above the 1919-28 niean
in 1916. During the next 6 years, 1917-22, the
percentage ranged between 15.7 and'22.3. Sharp

decreases carried the value from 21.3 percent above
average in 1922 to 6.7 in 1923 and -10.2 in 1924.
A slight recovery (to -7.6 percent) in 1925 was
followed by further declines that carried to the
minimum figure of -25.6 in 1927. An improve
ment to -18.4 in 1928 was followed by another
drop to - 23.8 in 1929.

17. Comparison of the growth in length of Sag
inaw Bay walleyes of the 1926-30 and 1943 collec
tions with published records of growth of walleyes
in Lake Erie and Lake of the Woods revealed only
sman differences in first-year growth among the
four groups. In the later years of life the Sagi
naw Bay fish collected in 1943 enjoyed a substan
tial advantage over the other groups at all ages
for which comparative data were available. The
1926-30 walleyes from Saginaw Bay were longer
than Lake Erie walleyes in the second through the
fourth year but were shorter than Lake Erie fish at
the end of the fifth year. The length of the
1926-30 walleyes exceeded that of fish from Lake
of the W'oods in the second through'the eighth
year but was smaller at the end of the ninth.

18. The percentage of males exhibited a distinct
tendency to decrease with increase in age both in
the spawning-run samples of 1927 and 1929'and
in the late-spring collections of 1929 'and 1930. In
the spawning-run collections the percentage, of
males was 56.9 in the combined age-groups IV. to
IX and 28.2 in age-groups X to XIV. The per
centages for various combinations of age groups
in the late-sprin:g collections were for II-V, 53.9
percent; VI-VII, 40.0 percent; -VIII-XV, 16.1
percent. A higher rate of exploitation 'of males
than of females was suggested as an' important
cause of the decrease in the percentage of males
with increase in age. "

19. Males were more plentiful (58.0 percent) in
the early part of.the 1929 spawning season (April
4-7) than in the latter part (41.6 percent-April
13-23) . The percentage of males decreased also
during'the late spring of 1930 (59.3 percent males
for collections of April 30-May 17 and 42.4 per
cent for May 22-June 20). With a single excep
tion, shifts in the sex ratio occurred in individual
age groups as well as in all age groups combined.

20. Lengths at which 50 percent of the walleyes
had reached sexual maturity were about 15'%

,inches for the males and 17 inches for the females;
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