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Biomass and annual production of the freshwater mussel
Elliptio complanata in an oligotrophic softwater lake

DAVID L. STRAYER, JONATHAN J. COLE, GENE E. LIKENS and
DONALD C. BUSO Section of Ecology and Systematics, Cornell University, Ithaca,

New York, U.S. A,

SUMMARY. An extensive survey of Mirror Lake, New Hampshire, was
carried out by divers with SCUBA to assess the importance of the fresh-
water mussel Elliptio complanara in this softwater lake ecosystem. Density
(0.032 adults m?), biomass (52 mg m 2 as dry organic matter) and annual
production (6.4 mg m~2 as dry organic matter) of the mussel population are
low when compared with results from other studies, corresponding with
the general observation that mussels are scarce in soft, oligotrophic waters.
We reject the traditional view that the low mussel density is a result of low
calcium concentrations in Mirror Lake, and propose that mussel popula-

# tions may be regulated by a scarcity of appropriate fish hosts in unproduc-
tive lakes. Elfiptio complanata is probably not important in the metabolism
or biochemistry of the Mirror Lake ecosystem.

introduction

Although unionid mussels have been the
subject of a great many studies, relatively few
workers have been concerned with their role in
the structure and function of freshwater
ecosystems {see especially Negus, 1966;
Tudorancea, 1972; Lewandowski & Stanczy-
kowska, 1975). In this paper, we present data
on the distribution and abundance of a
freshwater mussel in Mirror Lake, New
Hampshire, with particular reference to its
importance in the lake ecosystem,

Mirror Lake is a small (surface area 15 ha,
mean depth 5.75 m) oligotrophic lzke in the
White Mountains of New Hampshire. [ts water
is clear and soft; typical midsummer epilimnetic
water chemisiry values include: pH 6.5-7.0,
alkalinity 0.06-0.08 mequiv 171, calcium 2-3 mg
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and Secchi disc 5-9 m. The lake has been the
subject of numerous ecological investigations
{Likens, 1981) and is cne of the few lakes for
which an organic carbon budget has been
constructed (Jordan & Likens, 1975, 1980).
Information on the macrobenthos of Mirror
Lake is available in Walter (1976, 1981). Elliptio
complanata (Lightfoot), which is common and
widespread in the streams and lakes of north-

eastern North America, is the only unionid in
the lake.

Methods

During July-September 1978 and 1979, divers
with SCUBA swam transects at 80-m intervals
around the entire lake, and at 40-m intervals in
regions of high clam population density. Fach
transect was 1 m wide, and extended from the
shore toward the centre of the lake, ending at
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the 7-m depth contour (beyond 7 m depth, the
lake bottom is soft gyttja and lacks mussels).
We marked off - depth contours along the
transects so that specimens could be segregated
by depth of occurrence. All individuals
encountered were collected. Because the lake
water is clear, and because specimens of E.
compianaty  in Mirror Lake do not bury
themselves deeply, we believe that very few
clams greater than 4 years of age were missed.
In total, we searched 1399 m? of the Iake
bottom in this fashion.

In the laboratory, we measured length and
air-dry weight of the shells. In addition, we
dried the bodies of 39 individuals to constant
weight at 60°C, and used these data to develop a
shell weight to body weight regression,

We aged the mussels by counting the growth
rings on the shells, and measured shell length at

and ambiguous data were discarded. Although
growth rings are not always produced annually,
workers have verified their annual nature in
several environments (Isely, 1914; Sebestyven,
1942: Negus, 1966; Haukioja & Hakala, 1978)
and there is no reason to doubt that they are
annual in Mirror Lake.

Calculations of - biomass and annual
production follow Magnin & Stanczykowska
{197%). Dry body weight was found from our
measurements to be about 8. 2% of shell weight,
and we assumed, following the work of
Cameron ef al. (1979), that 2.79% of the shell
of E. complanata is organic matter.

We estimated biomass and annual production
of ‘young clams’, which were less than 5 years
old, by assuming the population densities and
weights shown in Figs 1 and 2B. Shell weights
(W, g) for the young clams were estimated from

each ring to reconstruct growth curves. Because She“. length {mm) wsing the power-law
E. complanata is difficult to age (cf. Ghent ¢¢  relationship:
al., 1978), each shell was.read by two observers W =4.83 L37x107% (1
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FIG. 1. Age structure of the E. complanata population in Mirror Lake, The large blocks(e.g., ‘10-16")represent
clams for which no exact age could be determined; these individuals were assigned evealy to the appropriate
composite age-class. Densities for (-4 year olds were estimated by using the approximate mean density of older

age-classes.
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F1G. Z. (a) Growth of E. complanata from Mirror Lake {—), Lac des Deux Montagnes {O) and Lac Saint-Louis
{®), expressed as shell length, For Mirror Lake, horizontal lines are means and vertica! lines are 95% confidence
intervals on individuals, Calcium concentrations (mg 171) for the three lakes are: 2.3 (ML), 9.6 (LSL), and 38.9
{LdDM). Data for the latrer two lakes from Magnin (1970) and Magnin & Stanczykowska (1971). {b) Growth of
£, complanata m Mirror Lake expressed as sheil weight. Values derived by combining data shown in Figure 2a

with our shell length to weight relationship (eqn 1),

Unless otherwise noted, the results presented
below include contributions of young age-
classes estimated using these assumptions,
Shells remain intact for some period of time
after the deaths of the animals and form a
substantial portion of the biomass assoctated
with mussel populations (‘dead biomass’). To
determine the length of time that shell material
persists in Mirror Lake, we set out 40 pre-
weighed shells in varving degrees of dissolution
and decay at 0.5 m depth in the lake and
measured the [oss in air-dry weight after 1 year,

Results

E. complanaty is not abundant in Mirror Lake
{0.032 individuals per m® excluding young
clams). It reaches its maximum density between
2 and 3 m depth (0.17 individuals per m?
excluding young clams) and is most commen in
gently sloping sandy areas. It is scarce on steep
rocky slopes and was never found on the soft
gyttja.

The age structure of the populaton (Fig. 1) is
similar to those reported for unionids in other
freshwater ecosysterns (Negus, 1966; Magnin
& Stanczykowska, 1971; Tudorancea, 1972;

Lewandowski &  Stanczykowska,  1975;
Haukioja & Hakala, 1978) and suggests low
adult mortality and considerable year-to-year
variation in recruitment. Only 3% of biomass
and 16% of annual production are in the
younger age-classes, according to our estimates
(see above). It appears that E. complanaia may
live to be 16-18 years old in Mirror Lake.
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FI1G, 3. Growth of E. complanata in Mirror Lake as a
function of depth of collection. Horizontal lines are
means and vertical lines are 95% confidence intervals
on the means. For the means, r = —0.95, P=0.05.
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Although most of the growth in shell length is
attained in the first 68 years, shell weight
increases at a nearly constant rate after vear 4
(Fig. 2). There is a trend toward slower growth
rates at depth (Fig. 3) which, as Cvancara
(1972) has proposed, is probably due to lower
temperatures there.

We found that dead shells lose about 16% of
their weight in a year, although there was
considerable variability (range =6.9-29.6%).
At this rate, the dead shell biomass pool would
be about 60% of that in the shells of living
clams.

Discussion

Although the E. complanata population forms a
considerable portion of benthic biomass
between 1 and 4 m depth (Fig. 4), it appears to
play a trivial role in the functioning of the
Mirror Lake ecosystem, Its annual production is
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only €. (1.1% of total macrobenthic preduction
(Walter, 1976) and, if published filtering rates
are applicable (DeBruin & Davids, 1970;
Lewandowski & Stanczykowska, 1975}, it filters
about 1% of the epilimnetic volume annually.
In other lakes, unionids may be important in the
calcium cycle (Green, 1980), but in Mirror Lake
the standing stock of calctum in unionid shells is
only c¢. 2% of that dissolved in the water
column. Movements of unionids may be im-
portant in mixing lake sediments (McCall et al.,
1979}, but this is probably unimportant at the
low population densities in Mirror Lake.

The population density, biomass, and annual
production of unionids in Mirror Lake are low
when compared to other ecosystems (Table 1).
Nonetheless, Mirror Lake is probably typicat of
many softwater oligotrophic lakes in north-
eastern North America (cf. Ghentetal., 1978),

Two factors are probably responsible for the
low population densities in Mirror Lake. First,
the lake has large areas of soft gyitja, but

Depth {m}

FIG. 4. Biomass of E. complanate {Ec} and all other macrobenthos (macro) from the littoral and sublittoral
zones of Mirror Lake, expressed as dry organic matter, Macrobenthos data from Walter (1981),
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TABLE 1. Biomass and annual production of unionid mussels in several freshwater ecosystems. Data for shells
from Mirror Lake given in g m =2 CaCOy; all other values as g m =2 dry organic matter

Ecosystem Biomass  Production Source

Mirror Lake (shells) 0.74* 0.057 This study

Mirror Lake .05 0.006 This study

Mikolajskie Lake 0.20% 0.07F Lewandowski & Stanczykowska (1975}
Lac Saint-Louis 0.711 el Magnin & Stanczykowska (1971)

Crapina pool (Danube River) 4 87 i
Lac des Deux Montagnes 8.6% 1.
Thames River 12.1% 2.

—_ ]
-

+

Tudorancea (1972)
Magnin & Stanczykowska (1971)
Negus (1966)

*Includes estimated contribution of dead biomass.

TOriginal data in terms of wet weight; converted to dry weight by multiplying by ¢.1, except for Mikolajskie
Lake, for which a factor of 0,04 was used {see Lewandowski & Stanczykowska, 1975).
+The value given in the original paper (0.07) appears to be incorrect.

contains no unionid species able to tolerate such
a substratum (e.g., Anodonta, sce Ghent et al.,
1978).

Second, most of the other studies were
conducted in hard, productive waters. It has
often been observed that soft, unproductive
waters such as Mirror Lake support few mussels
{e.g., Agrell, 1949; Pennak, 1978). Although
this is often assumed to be the result of low
calcium concentrations, which render difficult
the maintenance of a calcarcous shell, other
mechanisms  are possible, Larval unionid
musseis are obligate parasites of fish (Pennak,
1978}, so their populations may be regulated in
the parasitic stage by the number of available fish
hosts. Because soft waters are often oligo-
trophic, both food and fish hosts are likely to
be scarce. Mussels, therefore, may be rare in
soft waters because of fow densities of fish hosts
rather than because of low calcium concen-
trations,

It should be possible to distinguish between
. these two types of Hmitation, If calcium {or
food) is limiting, we should find slower growth
rates, as well as lower population densities, in
soft waters, whereas a shortage of fish hosts
should not affect the growth rates of individual
mussels, Although data bearing on this question
are scarce and imperfect, we can make some
tentative statements about calcium lmitation.
in comparing the growth rates of Anodonta
from two lakes in Canada, Green (1980} found
slower growth in the lake with lower calcium
concentrations, which he took as evidence of
calcium himitation. However, the growth rate of
E. complanata in Mirror Lake is very similar to
the rates reported for Lac Saint-Louis and Lac
des Deux Montagnes (Fig. 2a), both of which

have much higher calcium concentrations than
Mirror Lake. Furthermore, although several
features of shell peometry vary with water
hardness, Green (1972} found that the inside
volume of the shell was relatively unresponsive
to changes in water chemistry. [We are treating
here changes in body weight or its presumed
correlates only, so decreases in shell thickness
with decreasing ambient calcium concentrations
{Green, 1972, 1980) are not relevant.] It would
be desirable to have more information on the
role of fish-mussel relations in mussel popula-
tion dynamics.
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