Transactions of the American Fisheries Society 119:976-984, 1990
© Copyright by the American Fisheries Society 1990

Energy Storage, Growth, and Maturation of Yellow Perch from
Different Locations in Saginaw Bay, Michigan

JAMES S. DIANA AND RONALD SALZ

School of Natural Resources and Great Lakes Research Division
University of Michigan, Ann Arbor, Michigan 48109-1115, USA

Abstract. —The growth and abundance of yellow perch Perca flavescens in Saginaw Bay have
varied historically. Changes in growth have been ascribed to many causes, including density and
genetic composition of the fish stock, both of which are also believed to vary with location in the
bay. The objectives of this study were to compare growth and maturation of yellow perch from
inner and outer Saginaw Bay, to investigate the existence of different fish stocks, and to compare
growth of yellow perch in Saginaw Bay to growth in other locations to determine the degree of
stunting. Yellow perch were collected from four sites in inner and outer Saginaw Bay from 1983
to 1985. Size distributions differed between the inner and outer bay sites: larger and older fish
were more common in the outer bay. Percentage of body water, body energy density, gonadoso-
matic index, and age at maturation did not differ between the inner and outer bay sites. Growth
in weight, total body energy, and condition factors differed significantly. These results indicate that
growth conditions differ between the inner and outer bay, but the fish populations may not be
isolated completely, as has been suggested. Results also suggest that the growth differential has not
caused large geographic differences in growth rate, but has caused small condition differences.
Yellow perch growth is poor in Saginaw Bay, and the fish appear unable to store substantial energy
reserves at any time of year. It appears that behavioral differences between young and old fish

may cause the differential distribution of fish by size in Saginaw Bay.

The yellow perch Perca flavescens is an impor-
tant sport fish in the Great Lakes and many inland
lakes. Historically, yellow perch composed a large
portion of the Great Lakes commercial catch, par-
ticularly in Saginaw Bay (Lake Huron), Green Bay
(Lake Michigan), and Lake Erie. In Lake Huron,
60% of the commercial catch has been taken from
Saginaw Bay (Baldwin and Saalficld 1962), where
100-1,600 tonnes have been removed per year
(Hile and Buettner 1959). Not only have com-
mercial catches varied considerably, but somatic
growth of yellow perch has also varied in a den-
sity-dependent manner (El Zarka 1959). Rapid
growth in the early 1900s was believed to be due
to overexploitation (Hile and Jobes 1941), where-
as later declines in growth were attributed to re-
duced fishing pressure and high densities (El Zarka
1959). The current high abundance of small yel-
low perch in Saginaw Bay has raised many com-
plaints from users. Sport anglers are now the ma-
jor consumers of yellow perch; commercial fishing
is extremely limited due to large minimum-size
limits and restrictive quotas. In general, changes
in density, growth rate, and reproductive success
of yellow perch populations have been attributed
to variations in water temperature (Eshenroder
1977), storms (Busch et al. 1975), interspecific
competition (Regier et al. 1969), stunting (Persson
1983), and overfishing (El Zarka 1959).

The inner portion of Saginaw Bay receives wa-
ter from waste outfalls of major industries and has
a history of widespread pollution (Eshenroder
1977). It is very shallow, eutrophic, and has an
average depth of 4.6 m. The outer bay, the area
east of Sand Point and Point Lookout (Figure 1),
is much less eutrophic and thus similar to Lake
Huron proper, and has an average depth of 15.6
m. If yellow perch show limited movements with-
in Saginaw Bay, then they may actually exist in
two very different ecosystems.

Fish populations often show extreme variation
in growth and mortality rates, and are prone to
stunting (Burrough and Kennedy 1979; Linfield
1979). Stunting is a process characterized by poor
growth and early age at maturation (Alm 1946;
Spangler et al. 1977), and may result from com-
petition (Persson 1983), poor temperature con-
ditions (Diana 1987), or physiology (Fryer and
Bern 1979). Because both somatic and reproduc-
tive energy allocations differ between sexes for
many fish (Diana and Mackay 1979), the degree
of stunting also may differ by sex. Studies on
stunting of fish have been relatively limited, but
slow growth, convergent growth of older age-class-
es, and early maturation all indicate stunting. Slow
growth can be inferred from several measure-
ments, including length at age, weight at age, and
energy content of individuals of an age-class over
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FiGUure 1.—Collection sites for yellow perch in Sagi-
naw Bay, Michigan. Point Lookout and Sand Point mark
the boundary between the inner and outer bay.

time. Limited energy storage can be indicated by
inability to accumulate significant lipid reserves
over growth periods. Changes in lipid content can
be measured directly, or indirectly by changes in
energy equivalents (kilojoules per gram dry weight)
or percentage of water, both of which are corre-
lated with lipid content (Shul’'man 1974).
Historical data for Saginaw Bay indicate the ex-
istence of larger yellow perch in the outer bay and
smaller ones in the inner bay. It has been sug-
gested that these populations are differentiated by
spawning origin. Outer bay yellow perch may orig-
inate from a riverine stock, while inner bay fish
may be derived from a lacustrine stock (Spangler
et al. 1977). The existence of two unique stocks
has never been confirmed, and widespread pol-
lution in local rivers may have reduced or elimi-
nated any riverine stock (Eshenroder 1977). Span-
gler et al. (1977) reviewed the literature, which
indicated sympatric, fast- and slow-growing groups
of Perca spp. in many water bodies, and implied
genetic and behavioral differences between these
groups. Riverine stocks of percids are believed to
produce larger fish at maturity (Bailey and Gosline
1955) that spawn earlier in each season (Nelson
and Walburg 1977) in colder, flowing waters of
rivers (Chikhova 1973). They may also have dis-
tinctive morphometric characteristics (Chikhova
1973). If larger yellow perch from the outer bay
represent such a riverine stock, one might hy-
pothesize that these fish would grow more rapidly
or mature later in life than inner bay fish, two
characteristics that are the opposite of stunting.
Hayward and Margraf (1987) found that differ-
ences in the size distribution of yellow perch in
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Lake Erie were due to growth differences caused
by limited movements and differential availability
of food in the central and western basins. Because
Saginaw Bay is an open system, and intermixing
of yellow perch between the two locations is pos-
sible, the existence of larger yellow perch in the
outer bay may also be due to similar factors, for
example, a faster growth rate, a lower mortality
rate, or movement of older fish from the inner to
outer bay.

The goal of this study was to determine if the
different size structures of inner and outer bay yel-
low perch populations were present in the 1980s,
and if so, to evaluate whether the size differential
was due to differential growth and maturation be-
tween the two localities. Our specific objectives
were (1) to compare annual and seasonal body
growth and somatic energy reserves for both sexes
of yellow perch from inner and outer Saginaw Bay;
(2) to compare age at maturation and gonadoso-
matic index for yellow perch from the two sites to
evaluate whether location affected differential re-
productive allocations; and (3) to compare growth
of yellow perch in Saginaw Bay to growth in other
localities 10 determine the degree of stunting in
the yellow perch population.

Methods

Yellow perch were sampled from four sites in
Saginaw Bay (Figure 1). Tawas and Port Austin
represented the outer bay; Sebewaing and Pincon-
ning represented the inner bay. Collections were
made with experimental gill nets (7.6-m lengths;
1.3, 1.9, 2.5, 3.8, 5.1, and 6.4-cm stretch mesh).
Sampling began on 15 May 1983 and concluded
on 25 February 1985. Nets were set for 3—-12 h,
and all fish were frozen upon collection and held
at —30°C for later analysis. Collections were made
nearly monthly in the summer and sporadically
during the winter (Table 1). All four sites were
sampled during each collection period, except
during winter, when irregular ice distribution lim-
ited sampling effort and location.

Fish were measured (total length, mm), and
weighed (wet weight, g). Scales were removed from
the left side of the fish, at the termination of the
pectoral fin and below the lateral line, and later
read to determine age. At least four scales per fish
were analyzed. Age determinations were verified
by two other experienced persons who checked 5%
of the scales (R. Salz and W. Bryant, Michigan
Department of Natural Resources). Attempts to
validate aging by recapture of previously sampled
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TABLE |.—Number of yellow perch (N) taken from
Saginaw Bay, 1983-1985. )

Month and year Site N
Jun 1983 Tawas 111
Pinconning 60

Sebewaing 136

Port Austin 94

Jul 1983 Tawas 79
Pinconning 56

Sebewaing 77

Port Austin 52

Aug 1983 Tawas 66
Pinconning 142

Sebewaing 100

Port Austin 78

Feb 1984 Tawas 8
Pinconning 3

Sebewaing 14

Apr 1984 Tawas 81
Pinconning 91

Sebewaing 100

Port Austin 34

Jun 1984 Tawas 65
Pinconning 76

Sebewaing 61

Port Austin 100

Aug 1984 Tawas 45
Pinconning 83

Sebewaing 101

Port Austin 56

Feb 1985 Tawas 56
Pinconning 41

fish were unsuccessful due to low return rates (only
four scale sets for 4,280 tagged and released fish).

All fish were dissected and visually identified to
sex. Gonad weight was measured to 0.01 g. A ran-
dom subsample of five fish per sex and size-group
(2.5 cm) was taken for further analysis when pos-
sible. The body of each fish was either dried whole
or pulverized in a food processor, subsampled,
and dried. Body and gonad tissues were dried at
80°C to constant weight and weighed to 0.01 g.
Dried tissues were then pulverized in a coffee mill.
Percentage of body water was calculated from
changes in the whole or subsampled body during
drying. Body dry weight (without gonads) was cal-
culated

(1 — percentage of body water
100 )

The gonadosomatic index was calculated as the
percentage ratio of gonad wet weight to the total
body wet weight for each yellow perch. Body en-
ergy values and gonadosomatic indexes were de-
termined only for 2—4-year-old fish, due to low
sampling frequencies of other age-classes. Matu-
rity stages were not measured directly, but a fish
was assumed to be mature if its gonadosomatic

body wet weight (
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index was greater than 2% in February (Le Cren
1951). A subsample of 132 fish that were collected
from all sites in June-August was used in calori-
metric analysis. Body joules per gram dry weight
(energy equivalent) were determined with a mi-
crobomb calorimeter and standard methods (Paine
1971). Only one analysis was done per sample,
because this method is very repeatable (coeflicient
of variation for standards <1%). Total body en-
ergy (without gonads) was determined for these
fish by multiplying body dry weight by the energy
equivalent for each fish.

Differences between sites, seasons, sexes, Or age-
classes were tested with analysis of variance
(ANOVA). Multiple-regression analysis was used
to compare total body energy to total length, body
wet weight, percentage of body water, and energy
equivalent to determine which variables were im-
portant in explaining total body energy. Regres-
sion analysis was used to assess size- or age-related
trends. Chi-square tests were used to assess the
differences in age or size at maturation and age or
size frequency among sites. Finally, differences in
regressions between sexes or sites were tested by
analysis of covariance (ANCOVA). All statistics
were calculated with the Michigan Interactive Data
Analysis System (Fox and Guire 1976), with sig-
nificance set at P < 0.05.

Results

The size distribution of yellow perch differed
significantly (P < 0.001) between outer and inner
bay sites; the outer bay sites had a higher propor-
tion of large fish than the inner bay sites (Figure
2). This trend agreed with the historical data on
size differences between these sites. The size dis-
tributions were also complemented by differential
age distributions (Figure 2), which indicated that
older fish were also more common in the outer
bay.

Females grew significantly faster than males in
length (ANCOVA, P = 0.002; Figure 3), but there
was no significant difference in the slopes of length
at age between inner and outer bay sites for either
males (P = 0.53) or females (P = 0.97). Growth
rates appeared to accelerate at older ages in the
outer bay, but these ages were poorly represented
in inner bay samples.

Unlike changes in total length, growth in weight
differed significantly between inner and outer bay
sites as well as between sexes. As we expected,
growth of yellow perch did not differ between sites
within the inner or outer bay (P > 0.05); thus, we
combined data by inner or outer bay for further
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FiGURE 2.—Total length-group (25-mm increments)

and age-group frequencies for yellow perch collected from
inner and outer Saginaw Bay, 1983-1984.

analyses. Because the dynamics of growth were
assumed to be influenced by food abundance or
fish density, we expected no difference in weight
at age for a sex and year-class in different years.
There were no significant differences in weight at
age between years for males or females (P > 0.05)
so results from each year were combined by month
(sexes separate) to increase monthly sample size
for further analyses. Exponents of length-weight
relationships differed significantly between inner
and outer bay; outer bay fish were heavier at any
length than inner bay fish of the same sex.

The percentage of body water did not differ sig-
nificantly between sexes for most months or year-
classes (P > 0.05). There were also no significant
differences in percentage of water between fish from
inner or outer bay sites (ANOVA, P > 0.05).
Therefore, sexes and sites were combined to eval-
uate age and time effects. For all months, there
was a significant negative correlation between wa-
ter percentage and age (P < 0.001), suggesting an
accumulation of lipid reserves with age. Water
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FIGURE 3.—Mean lengths at age for male and female

yellow perch collected in June from outer and inner Sagi-
naw Bay.

percentage was lowest in late fall and highest in
spring for all age-classes (Figure 4), although ab-
solute changes were small.

Body energy equivalents were significantly cor-
related with weight (r2 = 0.11, P = 0.0001), and
there were significant increases in body energy
equivalents with age (ANOVA, P < 0.01). There
was no significant difference between sexes in body
energy equivalents, nor were there any differences
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FiGURe 4.—Monthly changes in percentage of body
water (mean * 95% confidence limits) for yellow perch
from Saginaw Bay. January is month 1.
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among months (June, July, or August). In general,
yellow perch showed similarity among sites and
sexes in body energy equivalents. The one excep-
tion was at Tawas in the outer bay, where yellow
perch had a slightly higher mean body energy
equivalent than fish at the other three sites (20.3
kJ/g + 0.9 SD for Tawas, 19.1 + 0.9 for the other
three sites). This may reflect the higher frequency
of large yellow perch that we collected at Tawas,
because body energy equivalents increased with
size and age.

In order to estimate total body energy for all
fish, we performed a multiple regression between
total body energy for each fish subjected to calo-
rimetry (N = 132) and total length, wet body
weight, percentage of body water, and body energy
equivalent. This regression included all variables
(R?2 = 0.99), but most predictability was due to
wet weight. Because wet body weight was directly
measured for all fish, total body energy for all fish
was calculated from the regression (r2 = 0.94)

Y =15.73X -36.8;

Y = total body energy (kJ); X = wet body weight
®)-

Yellow perch from the outer bay generally
showed significantly higher total body energy for
each age and month than did yellow perch from
the inner bay. Of 36 possible ANOVAs for differ-
ences in total body energy between sites (2 sexes,
3 ages, 6 months), 11 indicated significantly great-
er energy in outer bay fish and 2 in inner bay fish;
15 comparisons showed no differences between
sites and 8 comparisons could not be made be-
cause of insufficient data. Females usually had sig-
nificantly higher total body energy contents than
males for each age, site, and month (12 ANOVA
pairs showed females with significantly higher to-
tal body energy contents; 15 were not significant;
9 had insufficient data to test). Yellow perch
showed increases in total body energy over the
summer (April-September) for all ages and sites
(Figure 5). Smaller increases in body energy also
occurred from late fall to winter, and energy de-
pletion occurred in early spring (spawning time).

There were no significant differences in size or
age at maturation between fish from inner and
outer bay sites (chi-square test, P > 0.05), al-
though small sample sizes made some compari-
sons difficuit. Overall, males were mature by age
2, whereas only 20% of females were mature by
age 2, 72% by age 3, and 100% by age 4. All males
between 100 and 135 mm total length in February
were mature; only 28% of females were mature at
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FIGURE 5.—Seasonal changes in total body energy for
three age-classes of male and female yellow perch from
inner and outer Saginaw Bay.

this size. A high percentage (92%) of the females
collected in February were mature at total lengths
of 140 mm or greater.

There were no significant differences in gonad-
osomatic indexes between inner and outer bay sites
for any sex or age-class of mature fish. The go-
nadosomatic indexes of mature males and females
increased significantly with age and were consid-
erably higher for mature females than for mature
males, especially at age 4 (Figure 6). Gonad growth
occurred mainly in August for males of all ages;
female gonad growth began in August and contin-
ued over winter. Spawning occurred in late April
to May, and recrudescence of gonads occurred in
both sexes over the summer.

Discussion

Yellow perch from inner and outer Saginaw Bay
differed considerably in several population char-
acteristics, but only slightly in growth dynamics.
The outer bay fish had a greater frequency of larger
and older individuals and a slightly greater weight
and body energy content at each age. However,
length at age did not differ significantly between
sites. A significantly different length-weight rela-
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FIGURE 6.—Seasonal changes in the gonadosomatic
index of each sex and age-class of yellow perch from
Saginaw Bay.

tionship resulted in significant weight-at-age dif-
ferences between inner and outer bay fish. Weight
at a given length is often used as an indicator of
condition (Anderson and Gutreuter 1983). Al-
though yellow perch in the outer bay apparently
had a better growth environment than fish in the
inner bay, this did not influence the lifetime pat-
tern of growth in length. Weight-at-age differences
between fish in the inner and outer bay were most
likely due to differences in temperature or food
availability that gave outer bay fish a temporary
or slight growth advantage.

Fish from inner and outer bay sites did not dif-
fer in maturation times or gonadosomatic indexes.
These observations, coupled with the limited
growth differences between sites, lead us to spec-
ulate that there are not major genetic or ecological
differences between fish in the inner and outer bay.
While this does not disprove the hypothesis of
genetic isolation, the degree of differentiation in
growth and maturation between inner and outer
bay fish is not comparable in magnitude to the
large degree of differentiation between riverine and
lacustrine stocks that Spangler et al. (1977) pro-
posed for growth and maturation.

Large differences were not observed among sites
in energy equivalents for yellow perch, nor were
there any significant seasonal trends. Apparently,
the changes in growth and energy depletion that
occurred with season and location resulted from
use of whole tissue (including protein and mem-
brane lipids) rather than specific constituents, such
as lipid or protein, that would alter the energy
equivalent (Brett and Groves 1979). While energy

981

equivalents were only measured for summer sam-
ples, percentage of body water, which is usually
negatively correlated with lipid content, also var-
ied little over the year. This also suggests seasonal
use of whole-body energy reserves rather than just
lipids. The use of whole tissue for energy reserves
may indicate poor growth conditions for yellow
perch in Saginaw Bay, because the fish were ap-
parently unable to store significant lipid reserves
over the summer. This contrasts with several oth-
er studies of yellow perch that showed large sea-
sonal patterns of lipid storage and depletion (Ma-
karova 1973; Craig 1977). However, somatic
energy reserves, measured in body energy equiv-
alents, did increase with age for yellow perch in
our study. This may indicate that conditions (e.g.,
food availability or particle size) for yellow perch
growth improved with age; other fish populations
have been reported to accumulate more energy
reserves with age (Shul'man 1974).

Growth of yellow perch also differed by sex;
females grew more rapidly in total length and en-
ergy and also allocated more energy to gonad pro-
duction. Somatic growth occurred mainly in the
early summer; gonad growth occurred in late sum-
mer and winter. Both of these patterns have also
been found in other yellow perch populations
(LeCren 1951; Makarova 1973; Craig 1977; Tana-
sichuk 1978). The winter growth observed in this
study may have been actual or the result of limited
winter samples.

Overall, fish from the inner and outer bay had
a very slow growth rate. A comparison to other
yellow perch populations (Figure 7) indicated ex-
tremely poor growth in Saginaw Bay. Criteria for
stunted populations differ by author, but include
two concepts: (1) growth considerably below a re-
gional average, and (2) convergence of several old-
er age-classes towards a similar size. There is no
evidence that older fish reached a similar size in
Saginaw Bay (Figure 7), although growth was much
below the state average. We conclude that yellow
perch in Saginaw Bay are stunted, based on their
slow growth and early reproduction schedules.

In this study, we assumed no size-related mor-
tality within age-classes, because growth rate was
measured by changes in average size of individ-
uals in a cohort. We have no direct evidence to
support this assumption. Any size-related mor-
tality probably did not influence comparisons
among sexes or sites very much, because the same
biased mortality likely occurred for both sexes or
at both sites. Also, most comparisons were made
on age-2 to age-4 fish, whereas it is most likely
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that natural mortality would be size-related for
age-0 and age-1 fish (Forney 1971). If size-selec-
tive mortality exists, it could affect comparisons
of this fish population with others.

Because size was compared over time, gear se-
lectivity could also bias these data. Gill nets are
generally considered to be size-selective in capture
efficiency (Hubert 1983). However, the experi-
mental gill nets we used for yellow perch do not
appear to be very size-selective compared to trawls
(R. Haas, Michigan Department of Natural Re-
sources, personal communication). Most selectiv-
ity for experimental gill nets likely occurs among
young fish, which can pass through the nets. Only
larger fish were compared in this study, so we as-
sumed that net selectivity did not bias our sea-
sonal or age-related analyses.

The yellow perch population we found in Sagi-
naw Bay was very similar in size structure and
growth rate to that of the early 1950s (El Zarka
1959). At that time the population was believed
to be stunted due to overpopulation and compe-
tition related to low fishing pressure (Eshenroder
1977). Recent sport and commercial catches in
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Saginaw Bay (Ryckman 1986) have been consid-
erably higher than commercial yields in the 1950s
(520 tonnes/year recently, versus 175 tonnes/year
in the 1950s; Hile and Buettner 1959). This level
of exploitation is similar to average historical yields
(450 tonnes/year), and could indicate fairly nor-
mal exploitation rates. Thus, the current limita-
tion on yellow perch growth may not be due to
high fish densities, but rather to low food avail-
ability.

The differential size distribution between inner
and outer bay fish did not reflect the level of dif-
ferentiation expected between riverine and lacus-
trine stocks. Size-related differences in behavior
could cause the age structure noted, or the results
could be due to differential fishing pressure be-
tween sites. We favor the former explanation for
the following reasons. Spawning sites are predom-
inantly located in the inner bay (Goodyear et al.
1982), and most fish apparently move there to
spawn. As fish get larger, they may be able to move
further from spawning sites during summer for-
aging and occasionally encounter better food re-
sources in the outer bay. As they return to the
inner bay to spawn, they may intermix with fish
that spent the summer at other sites. This behav-
ior would produce the large variation in size at
age that was present in our data. We have done
tagging studies to determine movement patterns
of yellow perch within Saginaw Bay. Our results
in general agree with the above speculation, but
tag returns have been insufficient to prove statis-
tically prove that age-related differences exist in
the movement patterns of this species.
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