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ABETRACT

Data on walleye length-at-age obtained in western Lake Erie by the
regource management agencies of Michigan, Ohio, and Ontario, 1973-78,
ware combined in different ways to estimate the von Bartalanffy growth
paramaters K, L, and tg. Estimated parameters varied considerably when
ocbsorvations from spring and fall samples were treated separately; values
for the combined data were: K = 0.2, L_ = 28.6 inches, and tg = =1.03.
The Gulland maximus sustalned yield coefficient, used by the Lake Erie
Gcientifie Protocol Coemittes to estisate total allowsble catch of
walleyes from western Lake Erie, is considerably less variable, however,
than the won Dertalanffy growth parameters; therefore, continued pse of a

value of 0.4 for this coefficient seems justified.
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INTRODUCTION

Although increase in size of fish with age can be satisfactorily
described in several ways (abeolute increase, relative rate of increase,
and instantanecus rate of increase), fltting growth data to a
standardized pathesatical model provides an additional way to compare
growth amsng pnpulal-__lm.u as well as between year classes,; and simplifies
the use of growth data in yield models. The von BDertalanffy growth curve
is widely used in fishery stodies because of ita applicability to the
dynamic pool model (Beverton and Holt 19257). Moreower, two of the
paramoters of the von Bertalanffy equation, K (the growth coefficient)
and L {the asymptotie length of an awverage fish growing for an
indefinitely long poricd of time), are vsed in computing Gulland's (1970)
confficient of maxieum sustainable yield [MSY), the coefficient presently
poed in estimating harvestable surplus production of wostern Lake Erie
walleyes.

In this repart, I update Appendix Table 14 of the First Technical
Report of the Great Lakes Fishory Commission Sclentific Protocol
Committee (SPC) on Interagency Management of the Walleye Resource of
Wastern Lake Erle (Kutkuhn et al. 19276) by adding data from 1978, 1977
and 1976; estimate tho von Bertalanffy parameters using length
observations in different ways; compare satimates of growth parameters
for individoal year classes; and examine wvariation in the Gulland M5Y
coefficient as data are combined in different ways. In ecach analysis,
save ono, the von Bertalanffy parameters wore ostimated using the
computor program BGC-2 (Abramson 1971).

DANTA BASE
Data consisting of age-frogquency distributions and sean length at

age for walleyes caught in ecosmercial trap nets and gillnets,
experimental gillnets, and seines in spring and fall In western Lake Erie
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wore submitted by the fisheries agencies of Michigan, Chio, and Ontarie,
and by the U.5. Plah and Wildlife Bervice.

Spring samples contained 36 to 1,529 walleyes taken from 1971
through 1978; fall samples contained 52 to 892 walleyes taken from 1974
through 1978. Age-group 0 appears only in fall samples and mean length
is biased upwards by gear selectivity. Age-group 1 is only sparsoly
represented in mpring samples and mean longth reported for this age group
at that season is also probably biased upwards. For estimation of the
paranmoter tg, spring sasples are considered to be taken before annual
growth starts and fall pamples are considered to be taken when 75% of
annual growth has been completed since about three fourths of the annual
tomperature cyele in western Lake Erie is complete at the time fall

samploa are collected.

ohrervations of mean length at age submitted by each agency can be
treated in a number of ways {(i.e., pooling and welghting} for entry into
a copputer program to cstimate the von Bertalanffy growth parameters. I
compared four methods of cosbining the individual sample means; the
treatmants and their undarlying assumptions are summarized as follows:

1) Heplicate samples from the same population. Mean langth-at-age

estimates submitted by each agency for each year are considered
replicate samples from the same population and entered into the
program as individual ohservations. This treatment gives equal
waight to each mean without regard to the number of observations
used to caleculate the mean. & second assunption in this treatment
is that year-to-year differences in observed length at age result
from randos wvariation rather than actual changes in growth rate.

2) Annual weightond sean length. Mean length-at-age estimates submitted
by each agency are weighted by sample sige and combined to form a
single estimate for cach age in each year (Table Y). The annual
woighted means are thon entered into the program as replicate
estimates of a population mean. This treatment aleo assumes that

*
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year-to-year differences are random, but the data can be visually
inspected for trends.

1) Pooled weighted mean length. Mean length-at-age esatimates submitted
by each agancy are welghted as in 2), but are combined over years
into a single mean length for sach age.

4) Pooled unweighted mean length. Mean length-at-age estimates
submitted by each agency in each year are considered as indepandent

roplicato samples from the same population, given egual weight, and
averaged. This treatment tends to smooth out possible differences
in growth of localired populations.

PAFAMETER ESTIMATES

Results from Spring Observations

Estimates of the parameter ¥ produced by treating the spring sample
data according to the four methods above ranged from 0.230 to 0.280, L
from 27.55 to 28.95 inchaes (700-735 mm) and g from -0.61 to -0.24 yvars
(Table 2). The mean estimates for each parameter (ecach mean weighted by
the reciprocal of its variance) were: X = 0.242, L, = 28.31 inches (719
mn) , and tg = =0.B0 years.

Results from Fall Cbpervations

Samples obtalned in fall were treated in the same four ways.
Estimates of ¥ ranged from 0.267 te 0.360, L from 24.90 to 26.85 inches
{632-682 mm), and tg from =0.31 to -0.89 years [Table 2]. The mean
values for cach ostimate (woighted ag before} were: K = 0.318, L_=
25.68 inches (652 mm), ond tg = =0.55 yeara. Age-0+ walleyes are
propartionately more comson in fall samples than age=1 walleyes in apring
samples, and age-5+ walleyes are less abundant in fall samples than age-G
walleyen in spring samplos. When the growth paraseters are estimated
from fall samples, the seamonal nge composition differences dopress the
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loft limb of the curve and cause a more rapid approach to the asymptote
rosulting in a higher value of X, a tp closer to the origin, and a
smaller value for L.

Spring and Fall Samples Combined

Spring and fall estimates of combined weighted mean length
{treatment 1) were used together to form a aingle growth curve (Fig. 1)
comparable to that included in Addendum 1 to the BPC Report. The
combined sample contained over 13,000 walleyes ranging in age from O+ to
8 ycars, with 96% of the observations from fish age 14 to 5 years.
{Again, walleyes in fall samples were considered to have completed 75% of
that year's growth.) The estimated parameters of this curve (K = 0.22,
L, = 28.6 inches [726 mm], tp = -1.03 years) probably best represent
average growth during the period 1970 through 1976. [Computer program
BGC=2, used to estimate parameters for spring and fall samples, requires
ogqually spaced age groups (l.e.; 1 year betweon samples) but allows use
of unequal sample sirzes for separate ages. When spring and fall samples
are combined, age groupe are not equally spaced (l.e., fall samples are
congidered 3/4-yoar older than spring samples of the same age group; the
same cohort sampled in spring is considered 1/4-year older than it was
the preceding fall). Thus, program BGC-2 could not be used for the
combined data. Instead, these unegually spaced means wore processed by
the first section of program WVONB (Pienaar and Thomson 1973), which
does not yield standard errors of the estimates.]

Growth Curves for Individual Year-Clasnes

Comparison of growth curvea fitted to individual year-clazees
provides a method for detecting changes in growth with time. Because of
the short time span for which data were available, the growth curwves of
only throe cohorts could be fitted: 1970 yecar-class, ages 3-8 {(n =
1608} 1971 year=-dlass, ages 2=7 (n o= 525); and 1971 year-class, agoen -6
in = 722). All three K valuen estimated from individual year classes
{Table 1) are higher than those abtained from mean growth curves (Table

*



Lake Erie Walleye Growth

-

2) but confidence intervals for the former estimates are quite wide.
This high variability obscures any real differonces between year classes.

Variation in the MSY Cosfficient

The maximum sustained yield coefficient X proposed by Gulland
(1970}, i.e, "maximum sustained yield exprossed as a percentage of M
times unfished biomass™ which may safely be harvested, is determined by
the ratio of size ar first capture to L, and the ratio of the natural
portality coefficient M to the growth coefficient K. Valees for X
ealeulated from the several treatments of spring and fall sample moan
lengths, and from the combined spring and fall data, ranged from 0.42 to
0.54 when size at entry is 16.5 inches {419 mm) and the natural mortality
coefficient is 0.218 as determined in the SPC report. The small range of
variation is to be sxpectod, given the reciprocal relationship between K
#nd L. The median wvalue for X was f.dd.

Length at age 2 calculated from the von Dertalanffy growth curves
ranged frem 10,5 to 14.8 inches (267-376 ma}, depending on the saparate
or combineod dats sets used (modian valwe = 14.1 inches {358 mm]). If
these values are used for length at entry inte the catch, values for X
range from 0.33 to 0.43 with a sedian of 0.38. Estimates of length at
age 2+ (fall) ranged from 13,7 to 17.2 inches (348-437 mm)} (median = 16.4
inches [417 mm]) and gorresponding X values from 0.39 to 0.48 with a
median of 0.43.

CONCLUSIONS AND RECOMMENDATIONS

1) Estimated parametors of von Bertalanffy growth curves vary
conalderably when sample means are combined in various ways. Median
wvalues for the three estimated parameteors are K = 0.27, L, = 27.6 inches
(701 mm), tg = 0.77 yoars. Valees for all data combined (weighted means)
aresr K= 0.22, L, = 28.6 inches (726 mm), tg = =1.03 years.
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2) Development of methods to ebtain wunbiased spring samples of age-1
walleyen would considerably improve the estimation of growth parameters.

3) The Gulland maximum sustainable yield coefficient X ia considerably
less variable than the von Bertalanffy growth parameters because of the
reciprocal relationship between K and Lg. Continued use of X = 0.4 in
estimating total allewable catch of walleyes from western Lake Erie soens
Jjustified.
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Table 3. Estismated parameters of the Von Bertalanffy growth curve for
throe year classes of western Lake Erie walleyes. Standard error

parentheses.
L tp
Year Class 4 inches YOALR
1970, ages 1-8 0.20 {:E-IEI 27.3 I:Z;B} =076 1:|-ﬁl
1971, ages 2-7 0.32 (+0.07) 24.4 (+0.8) =0.34 [40.35)

1972, agen 2-6 0.34 {+0.07) 25.0 [#1.1) =0.76 (+0.40)
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AGE - YEARS

Pigure 1. Growth curve for western Lake Erie walleyes derived [rom
samplos taken by trap nets, gillnets, and seines, 1973-77. Polnts

indicate approximate locations of spring and fall sample means.
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