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ABSTRACT. Zebra mussels, Dreissena polymorpha, were collected monthly from April/May to Novem-
ber in 1990 and 1991 from two sites in Lake St. Clair. The sites were characterized by relatively high and
low mussel densities. The following variables were measured: ash-free dry weight (AFDW) per unit shell
length (SL), lipid content and classes, carbon content, and nitrogen content. Mussels from the high-den-
sity site had a lower AFDW.SL relationship, lower lipid content, and a lower C:N ratio than mussels
from the low-density site. Seasonal trends in these variables were consistent between sites and years.
AFDW:SL, lipid, and carbon content were highest in the spring and then declined to minimum levels in
late summer/fall. The mean seasonal decline in weight from spring to late summer for a standard 15-mm
mussel was 60%. This decline was greater than might be expected from gamete release alone and was
likely a result of nutritional stress from warm summer temperatures and limited food supplies. Between
1990 and 1991, the mean AFDW of a 15-mm mussel declined 34% and 50% at the high- and low-density
site, respectively. However, when C:N ratios and lipid levels in 1990 and 1991 were compared, C:N
ratios were only lower in fall 1991 compared to fall 1990, and lipid levels for the 2 years were generally

similar.
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INTRODUCTION

The rapid spread and population increase of the
zebra mussel, Dreissena polymorpha, in many re-
gions of North America has led to a need for basic
information on interactions between this species
and its immediate environment. Of particular im-
portance is the response of Dreissena populations to
changes in available food. Filtering activity of mus-
sels has led to a decline in phytoplankton popula-
tions in some areas of the Great Lakes (Leach
1993); in turn, declines in food resources may limit
future growth of Dreissena. To determine the poten-
tial response of Dreissena to changes in food levels,
differences in weight and biochemical content of
the soft tissue of individual mussels from Lake St.
Clair were examined. For mollusks in general, these
measures provide an indication of the relative con-
dition or “nutritional state” of the population and
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provide a basis for assessing response to environ-
mental conditions (Russel-Hunter 1985).
Nutritional state can vary both seasonally and an-
nually. Freshwater and marine bivalves display
marked seasonal variations in weight and biochemi-
cal content of the soft tissue (Giese et al. 1967,
Trevallion 1971, Ansell 1972, Gabbott and Bayne
1973, Beukema and de Bruin 1977, Dietz and Stern
1977, Zandee et al. 1980, Williams and McMahon
1989) that are related to the considerable energetic
demands of gametogenesis. Bivalves build up
stores of energy in body tissues and then deplete
these stores during the production and eventual re-
lease of gametes. If reproduction occurs during the
summer months, the combination of temperature-
related metabolic demands and limited food re-
sources can lead to further nutritional stress. For
Dreissena, several studies have documented sea-
sonal changes in either weight (Bij de Vaate 1991,
Smit and Dudok van Heel 1992) or bioenergetic re-
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serves (Walz 1979, Stanczykowska and Lawacz
1976) of the soft tissue. In addition to short-term,
seasonal fluctuations, changes in soft tissue weight
can occur over longer periods in response to trends
in mussel density and food availability
(Stanczykowska et al. 1975).

This paper documents changes in the nutritional
state of Dreissena polymorpha populations in
southern Lake St. Clair and examines potential
causative factors for these changes. Populations in
this area of the lake were among the first to become
established in North America (Griffiths er al. 1991),
and densities increased 10-fold between 1988 and
1989 (Hebert ez al. 1991). Although changes in
phytoplankton populations have not been previ-
ously documented, a decrease in turbidity of water
exiting Lake St. Clair via the Detroit River indi-
cates that food resources in the lake are now lower

than when the mussel first became established
(Hebert et al. 1991). To determine the nutritional
state of mussels, the following indicators were mea-
sured over a 2-year period: lipid content and
classes, carbon and nitrogen content, and the weight
of soft body tissue per unit shell length.

MATERIALS AND METHODS

Samples of zebra mussels were collected at ap-
proximately monthly intervals at two stations (Fig. 1)
in southern Lake St. Clair from April to November
1990 and from May to November 1991. The exact lo-
cations (longitude and latitude) of the two stations
are given in Pugsley et al. (1985). Water depth was
4.0 m at Station 3 and 5.5 m at Station 19. These two
sites were selected because of differences in bottom
types (i.e., proportion of hard substrates), and hence
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FIG 1.

Location of the two sampling sites in southern Lake St. Clair.
Dashed line indicates shipping channel.
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differences in densities of zebra mussels. Station 3
had a hard bottom consisting of gravel/pebbles, while
Station 19 had a soft bottom consisting of silt/mud.
Mussels at Station 3 were found on hard substrata, on
live and dead unionid shells, and as druses (clumps of
mussels attached to each other). Mussels at Site 19
were found on unionid shells and, in 1991, also as
druses. In 1990, densities at Station 3 and 19 were
11,000 and 2,500 m-2, respectively (Nalepa unpub-
lished data). The density at Station 3 was the highest
of 29 sampling stations located throughout the lake.
On each sampling date, a water sample was taken 1
m below the surface with a 8-L van Dorn water bottle
for determination of chlorophyll concentrations.

After collection, mussels were gently rinsed in
lakewater, placed in coolers containing lakewater,
and kept at 4°C until analysis. Within 24 h, mussels
from each site were separated into five size cate-
gories based on relative shell length. The soft tissue
of at least five individuals from each size category
was removed from the shell, placed individually
into combusted, preweighed aluminum planchets,
dried at 60°C for at least 48 h, and ashed at 550°C
for 1 h. The corresponding shell was dried, weighed
(dry weight only), and the length measured using a
digitizer pad. For lipid analysis, soft tissue from
each of 5-8 individuals from four of the largest size
categories was placed into glass scintillation vials,
and then dried at 50°C for 48 h. The tissue was then
thoroughly pulverized with a mortar and pestle, re-
turned to the same vial, and stored below 0°C under
nitrogen until analysis. The soft tissue of individu-
als (5-8) from the smallest size category was not
pulverized, but placed whole into small vials and
stored as for the larger individuals.

Total lipids were determined on subsamples of
soft tissue from individuals in the four largest size
categories and on whole individuals for those in the
smallest size category. Lipids were extracted and
quantified gravimetrically by a micro method
(Gardner et al. 1985). Subsamples of the soft tissue
were saved and stored below 0°C under nitrogen for
later determination of lipid classes by thin-layer
chromatography with flame ionization detection
(TLC-FID) (Parrish 1987, Parrish er al. 1988). Lipid
extract from three samples in each size category was
spotted directly on silica-coated Chromarods-SIII.
Lipid classes were separated by sequentially devel-
oping the rods in increasingly polar solvent systems.
Between solvent developments, rods were scanned
using an latroscan Mark IV interfaced with a
Hewlett-Packard 3392A integrator. A mixed lipid
standard was used for TLC-FID calibration and

quantification. The standard included one com-
pound from each of the following lipid classes: hy-
drocarbon, sterol ester, triacylglycerol, free fatty
acid, alcohol (aliphatic), sterol (alicyclic alcohol),
and phospholipid. Lipid classes were determined on
samples collected in 1990 only.

In 1990, soft tissue from 5-8 individuals in each
size category was pulverized and subsamples were
analyzed in duplicate for carbon and nitrogen con-
tent; in 1991, carbon and nitrogen were determined
separately on three individuals from each size cate-
gory. Carbon and nitrogen content was determined
with a Perkin Elmer 2400 CHN Analyzer. Chloro-
phyll was determined in triplicate as described in
Strickland and Parsons (1972) using a Turner fluo-
rometer. Differences in lipids, carbon content, nitro-
gen content, and C:N ratios of mussels at the two
stations and in the five size categories were tested
using ANOVA. Lipid values were transformed
using arcsine prior to analysis.

RESULTS

Chlorophyll and Temperature

Chlorophyll concentrations and temperatures on
each sampling date are given in Table 1. Concentra-
tions were generally highest in the spring and then
declined. Spring chlorophyll values were greater at
Station 19 than at Station 3 in both 1990 and 1991,
with values 2-4 times greater at the former station
during the April/May period. After May, consistent
differences between the stations were not apparent.
Conceivably, since Station 3 was located closer to
shore, the spring peak in chlorophyll may have oc-
curred before the first sampling date and, thus, may
have been missed. However, spring temperatures at
the two stations in May were generally similar, and
the possibility of an earlier peak at Station 3 was
unlikely. Annual mean chlorophyll at Station 3 was
the same in 1990 and 1991, but mean values at Sta-
tion 19 were lower in 1991 compared to 1990.

Mean chlorophyll concentrations in this area of
the lake in 1990/1991 are lower than concentrations
found in the 1970s. In 1971, mean values for sta-
tions in the southern and middle portions of Lake
St. Clair were 4.6 and 2.9 ug L-!, respectively
(Leach 1972); also, from 1967-82, the lakewide
mean concentration between 1967 and 1982 was
4.7 ng L-! (Herdendorf et al. 1986). In 1991, the
mean concentration at the two stations was only 1.2

pg L1
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TABLE 1. Temperature (C) and mean (+ SE) chlorophyll concentrations
(ug L-1) at each of the two sampling stations in Lake St. Clair on each sam-

pling date in 1990 and 1991.

Sampling Station 3 Station 19

Date Temp. Chlorophyll Temp. Chlorophyll

1990
18 Apr 6.5 21+%.15 6.5 5.1+.39
22 May 14.5 0.6+ .03 14.5 23+.23
21 Jun 22.0 1.2+£.02 21.5 1.1 £.07
25 Jul 24.0 03+.02 24.5 1.6 £.07
23 Aug 22.0 0.7+ .01 21.5 0.7 £.05
11 Oct 13.5 22+ .21 13.5 2.7+ .14
15 Nov 5.0 6.5 B

mean: 1.2 mean: 2.3

1991
14 May 18.5 1.0+ .05 15.0 39+.20
25 Jun 23.2 2.0+ .08 21.8 1.7 £ .08
30 Jul 24.5 1.5+ .24 23.5 0.8 £ .06
27 Aug 24.0 1.3 +.02 26.0 1.7+ .24
01 Oet 14.5 1.0 £.01 15.5 0.4+ .03
22 Oct 10.0 0.1+.02 10.0 0.1+.02
21 Nov 8.0 0.3+.02 8.0 05+.02

mean: 1.0 mean: 1.3

Length-Weight

The relation between ash-free dry weight
(AFDW) and shell length (SL) can be described by
the general allometric equation W = al.b, where W
is the AFDW of the soft tissue in mg, and L is the
length of the shell in mm. The AFDW:SL relation-
ship (natural log transformed) at the two sites for
all sampling dates in 1990 and 1991 was:

Station 3 : log W =-3.8018 + 2.1514 log L
Station 19 : log W = -4.3096 + 2.5056 log L

The regressions were significantly different at
the two stations (P < 0.05, analysis of covariance,
Zar 1974), with mussels from Station 3 having less
weight per unit shell length than mussels from Sta-
tion 19. Seasonal trends were similar at the two
stations. From temporal trends in the regression co-
efficient “b,” AFDW:SL was generally consistent
until the end of June, but then steadily declined
throughout summer to reach lowest values in fall.
To more clearly illustrate seasonal trends in AFDW
as well as differences between stations and years,
the AFDW of a mussel 15 mm in length was calcu-
lated from the AFDW:SL relationship found at

each station on each sampling date (Fig. 2). For all
sampling dates, the AFDW of a mussel of this size
was 1.6 times greater at Station 19 than at Station 3.
The difference between the two stations was great-
est in the spring when the AFDW was about 2 times
greater at Station 19. AFDW:SL was lower in 1991
than 1990 at both stations; for a 15-mm mussel, the
AFDW was 1.5 and 2.2 times lower in 1991 than
1990 at Stations 3 and 19 respectively. The mean
AFDW:DW ratio of the soft tissue was 0.88 and
ranged from 0.83 to 0.91. No consistent trends be-
tween stations or sampling dates were apparent.

Lipid Content and Lipid Classes

For all sampling dates during the 2-year period,
the mean lipid content at the two stations was
10.0% (range 6.4-17.7%). This mean value com-
pares favorably to the 11.4% lipid content reported
for Dreissena from Lake Constance (Walz 1979),
but was lower than the 15.7% and 17.8% (two
depths) found in mussels from the Fuhliger See,
Germany (Sprung and Borcherding 1991). Seasonal
trends in lipid content were consistent between
years and stations (Fig. 3). Lipid levels were high-
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FIG. 2. Seasonal and annual changes in ash-
free dry weight of soft tissue of Dreissena poly-
morpha from the two sampling sites in southern
Lake St. Clair in 1990 and 1991. Weights given
are for a mussel 15 mm in shell length and were
derived from length-weight regressions deter-
mined each sampling date.
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FIG. 3. Mean (+ SE) lipid content (percent of
dry weight) of Dreissena polymorpha from the
two sampling sites in southern Lake St. Clair on
sampling dates in 1990 and 1991.

est in spring, and then declined throughout summer;
lowest levels occurred in fall. Levels were signifi-
cantly lower in mussels from Station 3 than in mus-
sels from Station 19 (P<.001; ANOVA; F-value =
12.0). In addition there was a significant interaction
between station and size category of mussel (P<.05;

ANOVA; F-value = 4.3). In general, greatest differ-
ences between the two stations occurred in the
larger-sized mussels; lipid levels declined as mussel
size (shell length) increased at Station 3, but this
trend did not occur at Station 19 (Table 2). Al-
though lipid levels were higher at Station 3 in
spring 1991 compared to spring 1990, consistent
differences between years at a particular station
were not apparent (Fig. 3).

Mean composition of lipids at the two stations
for all dates in 1990 is given in Table 3. The sum of
Iatroscan-measured lipid classes was within 7.1 +
1.3% (mean + SE) of the total value determined
with the gravimetric method. At both stations, the
dominant lipid class was phospholipids, while the
second most important lipid class was triacylglyc-
erols. Phospholipids are essential structural and
functional components of all membranes and or-
ganelles, while triacylglycerols are chemical stores
of energy used during periods of limited food sup-
plies. Triacylglycerol is also used for passing en-
ergy to the gametes during gametogenesis. Seasonal
trends in triacylglycerols (ug mg! lipid free dry
weight) were similar to trends in total lipids, that is,
levels were highest in spring, and then declined
throughout summer to reach lowest levels in fall
(Fig. 4). Phospholipid levels, on the other hand,
remained generally consistent throughout the sea-
sonal sampling period. In comparing the two sta-
tions, triacylglycerols were higher in mussels from
Station 19, while phospholipids were higher in
mussels from Station 3 (Table 3). The ratio between
triacylglycerols and phospholipids has been used to
assess relative nutritional status in bivalves, with
lower values indicating greater nutritional stress
(Capuzzo and Leavitt 1988). The ratio (as calcu-
lated from the mean percent of total lipid) was 0.5
for mussels from Station 3 and 0.8 for mussels from
Station 19. Capuzzo and Leavitt (1988) reported a
ratio of 3.5 to 6.6 along a pollution gradient for the
marine mussel, Mytilus edulis, but these values
were derived from the digestive gland (which
serves as a lipid storage organ) and not from whole
body tissue as in our study.

Carbon, Nitrogen, and C:N Ratios

Overall carbon and nitrogen content were signifi-
cantly different at the two stations (P<0.05;
ANOVA; F-value = 5.6 for carbon, 4.5 for nitro-
gen), with mussels from Station 3 having a lower
carbon and higher nitrogen content than mussels
from Station 19. Subsequently, the C:N ratio also
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TABLE 2. Mean percent lipid, carbon, and nitrogen of different size zebra mussels from two sampling
sites in Lake St. Clair during the 2-year sampling period, 1990-91. Carbon and nitrogen content given as
ug mg1 x 10-1,

Station 3 Station 19
Size category: 1 2 3 4 5 1 2 3 4 5
Year 1990
Length (mm) 8.1 11.9 15.1 20.0 23.2 82 12.0 16.3 20.6 25.6
Lipid (%) 11.9 8.2 9.5 8.8 8.4 11.6 9.6 11.2 11.6 12.2
Carbon 440 455 45.6 443 443 443 45.1 46.9 46.2 46.7
Nitrogen 8.9 9.2 9.5 9.2 9.7 9.2 9.3 9.0 8.8 8.2
C:N Ratio 4.9 4.9 4.8 4.8 4.6 4.8 4.8 52 5.3 5.7
Year 1991
Length (mm) 10.8 12.6 16.6 19.9 23.0 11.8 15.6 19.1 22.1 25.4
Lipid (%) 10.6 9.6 9.4 8.8 8.2 9.0 7.9 10.9 10.9 10.3
Carbon 46.6 47.3 45.5 459 44.1 48.4 48.8 46.3 474 45.9
Nitrogen 10.3 10.5 10.3 10.3 10.1 9.6 10.1 9.7 10.1 9.9
C:N Ratio 4.5 4.5 4.4 4.5 4.4 5.0 4.8 4.8 4.7 4.6

TABLE 3. Major lipid classes (ug lipid per mg lipid-free dry weight) in Dreissena polymorpha at two
sampling stations in Lake St. Clair on all sampling dates in 1990. Values are given as the mean * SE.
Number in parentheses is the percentage of the total lipid concentration. Classes included in the “other”
category include hydrocarbons, wax and sterol esters, and methyl esters. TG = triacylglycerols, PL = phos-
pholipids; AMPL = acetone mobile polar lipids, FFA = free fatty acids; ST = sterols.

Lipid Class B
Station TG PL AMPL FFA ST Other
3 26.7+£39 58.0+33 6.2+0.5 49+0.7 6.2+0.5 2.8+0.6
(25.3) (5.6) 5.9 4.7 (5.9 (2.6)
19 37.8+£5.7 489+ 2.6 10.1£1.3 6.0x£0.6 7.0£0.5 3.3+0.6
(33.4) (43.2) (8.9) (5.3) (6.2) 2.9)
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FIG. 4. Seasonal variation (mean + SE) in major lipid classes in Dreissena polymor-
pha from the two sampling sites in Lake St. Clair in 1990. Values are given as |ig lipid
per mg lipid-free dry weight. TG = triacylglycerols; PL = phospholipids; Other = acetone
mobile polar lipids, free fatty acids, sterols.
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was also significantly lower for mussels from Sta-
tion 3 (P<.001; ANOVA; F-value = 12.8). The
mean C:N ratio for the 2-year sampling period was
4.7 at Station 3 and 5.2 at Station 19. In compari-
son, Walz (1979) reported a mean annual C:N ratio
of 5.3 for Dreissena from Lake Constance, while
Stanczykowska and Lawacz (1976) reported a mean
value of 3.6 for Dreissena from Lake Mikolajskie,
Poland. Seasonal trends in carbon and nitrogen
were generally similar at both stations in 1990 and
1991 (Fig. 5). Carbon content was high in spring
and then declined to low levels in fall, while nitro-
gen was low in spring and increased in fall. As
might be expected from these seasonal trends in
carbon and nitrogen, C:N ratios were greatest in
spring and lowest in fall (Fig. 6). At both stations,
the ratio was higher in spring 1991 compared to
spring 1990, but lower in fall 1991 compared to fall
1990. The apparent decrease in mean C:N ratios in
1991 (Table 2) was a result of one less spring sam-
pling date and one more fall sampling date in 1991
compared to 1990.

DISCUSSION

Generally, seasonal trends in soft tissue weight
for Dreissena in Lake St. Clair are similar to those
reported in European populations (Skirkyavichena
1970, Walz 1979, Bij de Vaate 1991, Smit et al.
1992). Maximum weights (AFDW per unit shell
length) were observed in spring followed by a gen-
eral decline to minimum levels in the summer/early
fall. These changes have been related to either the
reproductive cycle and the release of gametes in
late spring/early summer (Bij de Vaate 1991), or to
changes in concentrations of available food (Walz
1979). Garton and Haag (1993) reported two dis-
tinct periods of weight loss for Dreissena popula-
tions in the western basin of Lake Erie: a late spring
decline, which was attributed to low abundances of
phytoplankton, and a late summer decline, which
was attributed to spawning. While certainly the sea-
sonal decline in AFDW:SL in Dreissena from Lake
St. Clair was related to the release of gametes, the
magnitude of the decline suggests that limited food
resources may also be a contributing factor. Dreis-
sena begins to release gametes when water temper-
atures in the spring rise above 12-14°C
(Stanczykowska 1977). In Lake St. Clair, these
temperatures occurred in late May (Table 1).
Mackie (1991) confirmed that the spring reproduc-
tive period for Dreissena in southern Lake St. Clair
begins between early May and late June. This early
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FIG. 5. Mean (+ SE) carbon and nitrogen con-
tent (mg g1) of Dreissena polymorpha from the
two sampling sites in southern Lake Clair on sam-
pling dates in 1990 and 1991.
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FIG. 6. Mean (+ SE) C:N ratio of Dreissena
polymorpha from the two sampling sites in south-
ern Lake St. Clair on sampling dates in 1990 and
1991.

May/June time period corresponds to the period of
time when large declines in soft tissue weights were
found in this study (Fig. 2). The mean decline in
AFDW of a 15-mm animal between the spring max-
imum and the summer/early fall minimum at both
stations for the 2 years was 60% (range 50-65%), or
about 10 mg. The relation between gamete output
and body weight in various species of marine bi-
valves has ranged from 20 to 40% (see Sprung 1991
for review). For European populations of
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Dreissena, seasonal weight loss has ranged from
10% to 55% (Walz 1979, Bij de Vaate 1991), while
the mean seasonal weight loss (spring to late sum-
mer over 2 years) for Dreissena populations in the
western basin of Lake Erie was about 72% (Garton
and Haag 1993). As noted, the seasonal weight de-
cline in the western Lake Erie population occurred
over two distinct periods, and the weight decline
during each period was about 50% of the initial
weight at the beginning of the period. The portion
of weight loss resulting from gamete release in St.
Clair mussels can be more clearly defined by using
approximations of gamete weight and number of
gametes typically produced. Sprung (1991) pre-
sented a regression for the direct relationship be-
tween gamete output and body size as measured by
shell length in Dreissena. Based on this relation-
ship, a female with a shell length of 15 mm pro-
duces about 95,700 eggs. If the AFDW of one egg
is about 34 ng (Sprung 1989), weight loss due to
gamete release in a 15-mm animal amounts to about
3.3 mg, or only about 33% of the total weight loss
observed during the spring to early fall period.
Weight loss because of gamete release in males is
similar to that for females (Sprung 1991). It is not
likely that the decline in AFDW:SL during the sum-
mer months was related to differential growth of the
shell compared to the soft tissue. Walz (1978d)
found that seasonal trends in shell growth and tis-
sue growth were similar in Dreissena from Lake
Constance, and Smit et al. (1992) found that shell
growth declines during the summer reproductive
period in various lakes in the Netherlands.

Although fecundity in bivalves can vary depend-
ing on environmental conditions, gamete release
apparently only accounted for a portion of seasonal
weight loss in mussels from Lake St. Clair. Sea-
sonal trends in food availability may also have con-
tributed to weight declines. In spring and summer,
changes in soft tissue weight corresponded to
changes in chlorophyll concentrations, which were
highest in April/May and declined in late June
(Table 1). Soft tissue weights were at minimal val-
ues during the summer months when chlorophyll
concentrations were at a minimum. While gain or
loss of net weight is a function of temperature,
food, and mussel size, consistent weight loss oc-
curred under laboratory conditions when algal con-
centrations were below 100 pug carbon/L regardiess
of size or temperature (range 8-25°C) (Walz
1978c). Assuming a carbon:chlorophyll ratio of 25
(Lingeman-Kosmershock 1978), weight loss should
theoretically occur at chlorophyll concentrations

below 4 pg/L. At the Lake St. Clair sites, chloro-
phyll concentrations were consistently below this
value except at Station 19 in early spring (Table 1).
Water temperatures also apparently influenced sea-
sonal weight trends since weight loss did not occur
in early spring or fall when temperatures were
lower than in summer. Metabolic efficiency (assim-
ilation efficiency, filtering activity) declines when
water temperatures rise above 20°C (Walz 1978a,
Reeders and Bij de Vaate 1990, Schneider 1992).
Temperatures in Lake St. Clair were above 20°C
from June into September (Table 1). Evidence that
“metabolic stress” occurred in Lake St. Clair popu-
lations of Dreissena during summer is provided by
seasonal changes in the relationship between the
amount of oxygen respired and the amount of nitro-
gen excreted (O:N ratio) (Quigley et al. 1993). The
O:N ratio provides an indication of the relative
catabolic balance between carbohydrates, lipids,
and proteins and has been used to describe the
physiological state of marine mussels (Bayne and
Scullard 1977, Widdows 1978, Tedengren and
Kautsky 1986). In mussels, individuals with O:N
ratios of greater than 50 are considered physiologi-
cally “healthy,” while individuals with ratios less
than 30 are considered “stressed” and catabolyzing
internal protein (Bayne et al. 1985). At Station 3 in
1990, ratios declined from about 50 in the spring to
a minimum of 16 in the summer (Quigley et al.
1993).

Compared to summer, chlorophyll concentrations
in fall increased in 1990 but declined in 1991. Cor-
responding changes in soft tissue weight in fall
were inconsistent, but tended to be higher than
summer lows. The phytoplankton community in fall
in Lake St. Clair is dominated by chrysophytes,
while diatoms dominate in spring (Munawar et al.
1991). The former group is not as nutritionally-rich
as the latter and, therefore, less likely to influence
the relative condition of mussels. Food quality can
be an important factor influencing soft tissue
weight (Schneider 1992). However, the general
trend for an increase in weight during fall may be
more related to reduced metabolic demands because
of lower water temperatures and also to the initial
stages of gamete regeneration than to food quality.

Although seasonal changes in both lipid content
and C:N ratios were similar to those for AFSW:SL
(i.e., high values in the spring and minimum levels
in late summer/fall), it is difficult to determine the
relative role of gametogenesis and food availability
in influencing seasonal changes in these variables.
In general, lipid levels in mollusks are higher in
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gravid than in spent individuals, as energy stores
are at a maximum before reproduction and then
lower after the gametes are shed (Giese 1966).
Lipid levels are also directly related to food con-
centrations (Walz 1979). C:N ratios provide a direct
indication of energy stores; tissue nitrogen content
is related to tissue protein content, and a decline in
this ratio would indicate a loss of nonproteinaceous
energy reserves (lipids and carbohydrates). In fresh-
water mollusks, C:N ratios decrease both during re-
production (Burky 1971, Hunter 1975, Aldridge
1982) and also during periods of low food avail-
ability (Russell-Hunter et al. 1984).

The AFDW:SL relationship, lipid content, and
C:N ratios were significantly lower in mussels at
the station with higher densities and lower chloro-
phyll concentrations (i.e., Station 3). At least for
AFDW:SL, spatial differences (both between lakes
and within a given lake) have been attributed to
variations in local mussel densities and amounts of
available food (Stanczykowska 1964, 1979).

Aside from seasonal declines and spatial differ-
ences, year-to-year differences in AFDW:SL and
biochemical content provide an indication of trends
in the relative condition of the population over the
long term. In Lake St. Clair, AFDW:SL declined at
both sampling stations between 1990 and 1991. To
put the decline in AFDW:SL in perspective, the
overall AFDW of a standard mussel 15-mm in
length was calculated from the length-weight re-
gression found at each station in 1990 and 1991.

The weights were then compared to weights derived
from length-weight regressions reported for differ-
ent Dreissena populations from other regions of the
Great Lakes as well as from Europe (Table 4). In
1991, AFDWs of 15-mm mussels from the two
sampling sites were lower than any weights calcu-
lated from other regressions. The mean loss in
weight between 1990 and 1991 was 34% at Station
3 and 50% at Station 19. Interestingly, Mackie
(1991) gave a length-weight relationship for mus-
sels collected in 1989 (May to November) from a
site in Lake St. Clair near Station 3. The decline in
weight for a 15-mm mussel was about 54% be-
tween 1989 and 1990, a value that was similar to
the loss in weight for mussels at Station 19 between
1990 and 1991. In western Lake Erie, no yearly dif-
ferences were apparent in dry weights of mussels in
1989 and 1990 (Garton and Haag 1993).

The decline in AFDW:SL between 1990 and 1991
is consistent with the occurrence of tissue “degrowth”
or tissue atrophy in mollusks when food availability
does not meet metabolic demands (Russell-Hunter
and Eversole 1976, Russell-Hunter 1985). As a result
of reabsorbing soft tissue, populations can have high
resistance (in terms of mortality) to periods of low
food resources. For instance, the freshwater snail He-
lisoma trivolis lost 50% of tissue biomass, but mor-
tality was only 10% after being starved for 132 days
(Russell-Hunter and Eversole 1976). For Dreissena,
dry weight declined by 25%, but mortality was only
14% after being exposed to minimum food levels for

TABLE 4. Comparison of the ash-free dry weights (soft tissue) of an indi-
vidual Dreissena polymorpha with a shell length of 15 mm as determined
Jrom length-weight relationships. Weights from Lake St. Clair are mean
values calculated for each sampling date each year. Ash-free dry weight was

assumed to be 87% of dry weight.

Weight
Water body, year (mg) Reference
Lake St. Clair, (Puce), 1989 19.6 Mackie (1991)
Lake St. Clair, (St.19), 1990 16.5 This study
Mazurian Lakes, Poland 14.5 Stanczykowska (1977)
Lake IJsselmeer, The Netherlands! 13.5 Bij de Vaate (1991)
Lake Erie, 1990 13.3 Dermott et al.(1993)

Lake Jels Nederso, Denmark
Lake St. Clair (St.3), 1990
Lake St. Clair (St.19), 1991
Lake St. Clair (St.3), 1991

9.4 Kryger and Riisgard (1988)
9.1 This study
8.3 This study
6.0 This study

Derived from coefficients for April to November only.
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over 2 years (Walz 1978d). In most cases, tissue de-
growth involves proportionately greater losses of
nonproteinaceous tissue components (lipids and car-
bohydrates) than of the protein fraction (Russell-
Hunter 1985). In this study, a 50% decline in mean
weight in mussels at Station 19 between 1990 and
1991 did not result in a decline in the mean annual
C:N ratio between the two years. However, C:N was
lower in 1991 during the period of maximum repro-
ductive and nutritional stress (August to October).
At Station 19, the minimum C:N ratio declined from
4.9 in 1990 to 3.9 in 1991 during this seasonal pe-
riod. For the above-mentioned experiment with the
freshwater snail Helisoma trivolis, a 50% weight
loss resulted in a decline in the C:N ratio from 5.8 to
4.4. Pure protein has a C:N ratio of 3.25 (Brody
1964).

Although overall AFDW:SL was lower in 1991
than in 1990 and the C:N ratio in fall 1991 was
lower than in fall 1990, lipid levels did not decline
between years. Reasons for this inconsistency are
not clear, but may indicate carbohydrates are used
preferentially to lipids when food levels are below
maintenance levels. During starvation experiments
with Dreissena, Walz (1979) reported that carbohy-
drates declined before lipids; however, in similar
experiments, Sprung and Borcherding (1991) re-
ported the opposite, that is, lipids decreased prior to
carbohydrates. The type of energy reserves used
during nutritional stress is likely a function of rela-
tive levels; in the former experiments, the carbohy-
drate content of soft tissue was higher than lipid
content, while in the latter experiments lipid levels
were higher.

Given the magnitude of the declines in soft tissue
weight between 1990 and 1991, the question re-
mains how degrowth of tissue in the individual re-
lates to changes in the population over the long
term. In a study of trends in the relative “condition”
of Dreissena from Polish lakes, changes over a 10-
year interval were inversely related to mussel densi-
ties; condition declined in lakes where densities
increased over a 10-year interval and increased in
lakes where densities declined (Stanczykowska et
al. 1975). Ultimately, the relationship between tissue
degrowth and population densities would be deter-
mined by the impacts of degrowth on the reproduc-
tive process. In laboratory experiments, starvation
caused Dreissena to reabsorb gonadal tissue to meet
metabolic needs, but only after spawning occurred
(Sprung and Borcherding 1991). Walz (1978b)
found that oocytes in Dreissena did not degenerate
after a prolonged period of minimal food, but noted

that formation of new oocytes would not be likely.
Given the amount of tissue degrowth that has been
observed in mussels from southern Lake St. Clair
and the relatively low food levels (as measured by
chlorophyll concentrations), it is likely that popula-
tion densities, at least in the southern portion of the
lake, will stabilize or decline from present levels.
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