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Abstract

The distribution, body composition, growth rate, and population structure of Unio terminalis were
measured at different sites of Lake Kinneret (Israel). Maximum clam density was found on the muddy
sand between 0.3-6 m depth. Clams were most abundant in the River Jordan inlet zone, where they
showed the highest growth rate. This was probably related to both highest food availability and the
highest density of fish hosting Unio glochidia in this area. U. terminalis in Lake Kinneret has a more
massive shell and ash content as compared with the European Unio species. The annual P/B ratios of
U. terminalis populations at different sites were similar and ranged within 0.17-0.18. The computated
filtration capacity and energetic budget permit the assumption that the U. terminalis population plays a
substantial role in removal of organic particles from the water in the Kinneret shallow inshore zone (up
to 15 m depth), and in nutrient recycling.

Introduction

Unionidae are widespread clams often dominat-
ing the zoobenthic biomass in many lakes and
reservoirs (Okland, 1963; Mann, 1964; Negus,
1966; Fisher & Tevesz, 1976; Alimov, 1981; Han-
son et al., 1988). The adult clams are inaccessible
for most fish due to their large and hard valves.
The importance of unionid clams in waterbodies
is related to the high capacity of their filtration
activity, enabling them to purify the water from
the suspended matter, and their participation in
the nutrient recycling and energy fluxes (Tudo-
rancea, 1972; Stanczykowska, 1975, 1977, 1984;
Walz, 1978; Alimov, 1981; Miura & Yamashiro,
1990). Several studies also indicate the possibil-

ity of using the analysis of bivalve shell growth for
biological monitoring of environmental condi-
tions (Freeman & Dickie, 1979; Jones, 1981;
McGuaig & Green, 1983: Mitchell, 1984; Han-
son et al., 1988; Arter, 1989).

Lake Kinneret is the only freshwater lake in
Israel, providing about one quarter of the water
requirement of the country. Quantitative informa-
tion on molluscs in Lake Kinneret is scarce.
C. Serruya (1978c) reported on the biomass of
molluscs (soft part only) in the sublittoral zone
(320 tons), calculated from data of two tows car-
ried out in the southern part of the lake (Por &
Eitan, 1970). This value is significantly higher than
the total biomass of all other benthic animals in
the lake (142 tons, Por & Eitan, 1970). The bi-
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valve Unio terminalis Bourguignat, 1852, which is
a common organism in lakes and rivers in the
Near East (Dahl, 1956), represents 75% of the
molluscan biomass in Lake Kinneret (Por &
Eitan, 1970). Paperna (1964) found that larval
stages of Unio (glochidia) are obligate parasites
on the gills of Kinneret fish. The distribution of
molluscs in Lake Kinneret was studied by Tch-
ernov (1975), who collected empty shells.

Here we present data on body composition
(wet, dry and ash masses), growth, distribution,
size structure and production of U. terminalis in
different parts of Lake Kinneret. Based on these
data, the filtration activity and bioenergetic bud-
get were calculated. The potential ecological im-
pact of U. terminalis on the lake ecosystem was
considered.

Materials and methods

Unionids were collected by SCUBA diving along
transects (0.3-15 m depth) in four areas of the
lake: Jordan inlet, Tabgha, Ginosar and Poria
(Fig. 1) during August-November 1991. A cubic
iron bar frame (25 cm length) with one side open,
and the others covered by a net with a mesh of
8 mm, was pushed (by a diver) through the bot-
tom sediments at a depth range of 7-15 cm below
the substrate surface. In cases where the sedi-
ments were very loose (soft mud), and the mol-
luscs occurred deeper than 7-15 cm, the sam-
pling box was pressed down, to a maximum of
20-25 cm below the surface. Each sample was
taken from a specified depth and composed of
randomly distributed subsamples. Each subsam-
ple covered an area of 0.25 m2 . The number of
subsamples was chosen such that the number of
organisms in a sample would be from 40 to 150.
The total area of a sample was estimated by the
number of subsamples and ranged from 2 to 8 m2.

The clams were brought to the laboratory,
washed carefully, counted, and the total antero-
posterior lengths were measured with Vernier
calipers ( + 0.1 mm). The total wet mass of large
individuals was measured with an error within
+ 0.1 g, while the total wet mass of small indi-
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Fig. 1. Map of Lake Kinneret with sampling transects (the
lake level was -212.8 m below sea level).

viduals, as well as the wet, dry and ash mass of
shells and soft parts were measured with an error
within + 0.1 mg.

The total wet mass (w.m.) was taken after re-
moval of excess water from the shell surface by
filter paper. Shells were opened and soft tissues
were removed and weighed. The separated shells
were also weighed. The interbranchial liquids
were collected from 38 organisms. The wet mass
of interbranchial liquids (MI) was calculated for
each individual as follows:

Ml = Mt - Msb - Msh,

where: Mt = total wet mass, Msb = wet mass of
soft body (soft tissues), and Msh = wet mass of the
shell.
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Shells, soft tissues and interbranchial liquids
from randomly chosen individuals were dried at
70 C for 24 hours. Masses were taken before
and after drying, and the water content was cal-
culated.

Small portions (0.1-0.3 g) of dry parts (shell,
soft tissues and interbranchial liquid) were
weighed and burned in a muffle furnace at 520 C
for 24 hours. Ash-free dry mass (organic content)
was calculated by subtracting ash mass from dry
mass.

Since the content of calories in organic matter
of aquatic animals is close to 5 kcal g- (Ostap-
enia, 1968; Winberg, 1971a; Milne & Dunnet,
1972; Dare & Edwards, 1975; Gardner & Tho-
mas, 1987), the body composition data were used
to calculate the caloric content of the animal.

For estimating the mass growth rate and cal-
culating the bioenergetic parameters of U. termi-
nalis, we used relationships between shell length
(L, cm), total wet mass (g), soft tissue wet mass
(g) and shell mass (g). Linear regressions were
calculated for the logarithmic values of these pa-
rameters (log y = log a + b log x). The power
equation between these characteristics is y = axb .

If in a mass-length equation b is equal to 3, and
in a mass-mass equation it is equal to 1, the growth
is isometric (Huxley, 1932; Thompson, 1959;
Winberg, 1971b).

Growth rate analysis is based on the assump-
tion that shell growth is marked by annual rings.
In winter, under low temperatures, the growth
rate is lower and a dark ring is formed on the
valve external surface, while in summer the growth
is faster and rings are light (Negus, 1966; Green,
1973; Ghent etal., 1978; Haukioja & Hakala,
1978; Strayer etal., 1981; McGuaig & Green,
1983; Hochwald & Bauer, 1990). We also con-
sidered that sexually mature clams may produce
an additional ring during the breeding season
(Morton, 1969; Alimov, 1981). The antero-
posterior lengths of each consecutive annual dark
ring were measured for each individual by Vernier
calipers. These values were recorded separately
for individuals from different sites to calculate
growth curves using Walford's plot method (Ford,
1933; Walford, 1946) which corresponds to von

Bertalanffy's growth model:

L(t) = Lo, [1 - exp( - kt)] , (1)

where: L(t) = the shell length (cm) at the age of
t (yr), L, = asymptotic length (cm), and
k = growth coefficient (yr - 1).

Estimations of annual production (P) of U. ter-
minalis populations at the different sites were
based on instantaneous mass growth rates, den-
sities and masses of organisms in different length
classes (Winberg, 1971a; Zaika, 1983):

P = INi Mi Gi, (2)

where: Ni = density of individuals in the i-th length
class, Mi = mean organism mass in the i-th length
class, and Gi = mean instantaneous mass growth
rate of organisms in the i-th length class. Gi val-
ues were derived as follows (Bayley, 1977):

Gi = b-k (Loo - Li) Li- 1, (3)

where: Li= mean shell length in the i-th length
class, and b = 2.942 = degree in mass-length rela-
tionship (see below).

The respiration (R; mg 02 h- 1) and filtration
(F; ml h - ') rates were evaluated by using
Alimov's (1981) equations for Unio (respiration)
and Unionidae (filtration) at 20 C:

R = 0.074 M 0 64 ,

F = 85.5 Mt06 05 .

These equations were transformed because it was
found (see Discussion) that the percentage of soft
body matter (i.e. active tissues) of U. terminalis in
Lake Kinneret is significantly lower than in Eu-
ropean Unio spp. (average 60%; Alimov, 1981).
The transformed equations for 20 C are:

R = 0.1026 MO.6 4 ,

F= 116 MO 6°5 .

The following parameters were used to calculate
the annual R and F capacities of the clam com-
munities: densities of Unio, length-class fre-
quency, multiannual monthly averages of lake
water temperatures at respective depths (S. Ser-
ruya, 1978), correcting coefficients for respiration
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and filtration in order to convert from 20 C to
relevant temperatures (Alimov, 1981), and calo-
rific equivalents for 02 (3.4 Kcal/gO2) and for C
(10.6 Kcal/gC) (Ostapenia, 1965; 1968; Winberg,
197 l1a).

Assimilation energy (A) was calculated as

A =P+R.

Physiological food consumption (Cph) was com-
puted as

Cph = U- I'A,

where U=0.6=the average assimilation effi-
ciency (Tsihon-Lukanina, 1987).

Acoustic surveys of Lake Kinneret are carried
out routinely to monitor the fish stock and dis-
tribution. Fish densities are determined using
Simrad equipment - a 70 kHz EY-M Scientific
Echo Sounder and a Hydro Acoustic Data Anal-
ysis System (HADAS) developed by T. Lindem
(Walline et al., 1992). The analysis made in the
present study was based on data from surveys
undertaken in April and October 1990, and every
two months in 1991. The grid of tracks was cho-
sen on the basis of the previous study, using a
mathematical model of fish concentrations and
acoustic surveys (Kalikhman et al., 1992). This
grid resulted in minimization of sampling pattern
error and overlap with the Unio sampling
transects.

Bottom sediments were classified as follows:
sand (particles smaller than 2 mm and larger than
20 #m), mud (silt together with clay, particles
smaller than 20 jim), and muddy sand (the sandy
fraction represents more than 50%).

Results

Distribution

The distribution of U. terminalis with depth at
four locations (Fig. 1) is shown in Fig. 2. This
figure indicates that at the Tabgha, Ginosar and
Poria transects, the upper boundary of the clam
distribution ranges from 1.0 to 1.5 m depth. At
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Fig. 2. Bathymetrical distribution of U. terminalis at four lo-
cations: 1 - Jordan inlet, 2 - Ginosar, 3 - Poria, 4 - Tabgha.

smaller depths, where wave action becomes
stronger and the bottom is fully sandy, no mol-
luscs were observed. In the Jordan inlet zone,
there is a large area of shallow bottom partially
protected from the strong wave action and cov-
ered by fine sediments. In this zone the upper
boundary of the clam spread almost reached the
shoreline.

With increase in depth and simultaneous en-
hancement of the percentage of the muddy frac-
tion in the sediment, the density of U. terminalis
rose, reaching a maximum at a depth between 0.3
and 8.0 m where the sand fraction comprised
about 40-70 % of the sediments. With further in-
crease in depth up to 9-15 m and synchronous
augmentation of the muddy fraction up to 90-
95%, the clam density decreased at all the loca-
tions (Fig. 2).

Based on the data on Unio distribution with
depth, we calculated the mean density for each
transect in the area where the Unio were observed.
The highest mean density was found in the Jor-
dan inlet zone (16 ind m -2 ) and the lowest one
near Tabgha (2 ind m - 2).

We analysed the clam densities in relation to
the fish densities because unionacean glochidia

- I -
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are obligate parasites on fish, and thus the size of
fish host populations can significantly affect the
clam reproductive success (McMahon, 1991).
The results of the acoustic surveys showed that
the distribution of fish in Lake Kinneret changes
with time; however, no distinct pattern of sea-
sonal distribution has been revealed. For this rea-
son, the distribution of fish density averaged for
all the study period was mapped (Fig. 3) and used
in the analysis. The values of fish density on the
transects used to collect the clam U. terminalis
were compared with the corresponding clam den-
sities (Fig. 4). It is clearly indicated that fish and
clam densities are positively correlated (r = 0.81).
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Mass-length relationships and body composition

The data on mass-length and mass-mass rela-
tions of whole organisms and their different parts
are presented in Figs 5 and 6, and the correspond-
ing equations are given in Table 1. The total mass
and soft tissue mass growths are close to isomet-
ric, while the shell growth is significantly allom-
etric. However, as the power index in equation 4
is rather close to 1, and in equation 2 it is rather
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Fig. 3. The distribution of the average density of fish concen-
trations.
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Fig. 4. Field of correlation between U. terminalis and fish
densities at the sampling locations.

close to 3, the level of shell growth allometrism is
low. The power index in equation 3 is higher than
that in equation 2 (p<0.001), i.e. the soft body
mass increases with length statistically more than
the shell mass.

If the right and left parts of equations 4 and 5
are divided by M, the ratios of Msh/Mt and
Msb/Mt change only slightly with the clam mass
growth. This permits the use of these ratios cal-
culated for the average wet mass of clams in the
population (16 g) to evaluate the average body
composition and caloric content (Table 2). The
results given in Table 2 indicate that the mean
water content in the shell and soft tissues is equal
to 1.3 + 0.4% and 78.1 + 2.2%, respectively. The
average organic content (ash-free matter) in the
shell and soft tissues is 2.8 + 0.3% and
48.4 + 3.9% of their dry masses, respectively.

Growth

In determining clam growth, the distinction be-
tween annual and reproductive rings on the ex-
ternal shell surface is important (Alimov, 1981).
Our observations indicated that a less dark ring
appears after 2-3 clear-cut dark rings. Further-
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Fig. 5. Linear regressions between logarithmic values of wet mass (g): 1 - total, 2 - shells, 3 - soft tissues, and shell length (cm).

more, the darker and less dark rings alternate.
Such a pattern of ring emergence is specific for
clams which reproduce from the third or fourth
year and typical for many Unio species (Tudo-
rancea, 1972; Alimov, 1981). It is reasonable to
assume that the less dark rings are reproductive
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Fig. 6. Linear regressions between logarithmic values of wet
masses (g): 1 - shells and total, 2 - soft tissues and total.

while the darker ones are annual. Such a pattern
was taken into account in determining the Unio
growth regularities.

The growth of U. terminalis was studied at sim-
ilar depths at two sites (Jordan inlet and Poria)
and is given in Fig. 7. The growth rate as indi-
cated from length increments can be expressed by
a straight line on Walford's plot, i.e. it fits Ber-
talanffy's growth model. Both regressions are sig-
nificant (P< 0.001). The coefficients in the equa-
tions describing Walford's plot for the two sites
(Jordan inlet at 5 m depth and Poria at 6 m depth)
are statistically different (P< 0.01):

Jordan inlet (n = 100; r= 0.975):

L(t + 1) = (0.663 +0.015) L(t) +

+ (1.77 + 0.16);

Poria (n = 146; r = 0.959):

L(t + 1) = (0.724 + 0.018) L(t) +

+ (1.41 + 0.20);

(4)

(5)

where L(t) and L(t + 1) are shell lengths (cm) at
times t and t + 1 (yr), respectively.

These formulae can be modified to Bertalanffy's
equation as follows:

1 O
I M

_
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Table 1. Coefficients of linear regressions between logarithmic length values (cm) and logarithmic mass values (g)*. The power
equations are given. (n = 31).

No. r Relationship logy = log a + log x y=axb Probability**

log a(+ SE) b(+ SE)

1 0.994 logMt vslog L - 0.717(+ 0.044) 2.942(+0.061) M = 0.192 L2 '94 2 >0.05 (NS)
2 0.990 logM, vslogL - 0.841 (+0.055) 2.816(+0.075) Msh = 0.144L 28 1 6 <0.05
3 0.986 log Msb vs log L - 1.587 ( 0.068) 3.046 (+ 0.094) Msb = 0.026 L3 0 46 > 0.05 (NS)
4 0.998 logM, vs log M, - 0.157 (+0.022) 0.959(+0.010) Msh = 0.696 M -9 59 <0.001
5 0.989 log Msb vs log Mt - 0.841 ( _ 0.062) 1.032 (+ 0.029) Msb = 0.144 ML

.0
32 > 0.05 (NS)

* All the regressions are significant (P<0.001).
** Significance level of the deviation of b from exponent 3 in equations 1-3 and from exponent 1 in equations 4 and 5.
NS =not significant.

Jordan inlet: of the same size in the northern part of the lake
L(t) = 5.24 [1 - exp( - 0.412 t)]; (6) than in the southwestern part.

The equations of mass growth were obtained

Poria: by substituting formulae (6) or (7) into (1):

L(t) = 5.30 [1 - exp( - 0.323 t)] . (7)
Jordan inlet:

The growth coefficient in the Jordan inlet zone M(t) = 25.2 [1 - exp( - 0.412 t)]2
.
94 ; (8)

(0.412 yr- 1) is higher than that at the Poria site
(0.323 yr- ), while the asymptotic lengths in the
two zones are rather similar (5.24 and 5.30 cm). Poria:
These facts indicate a higher growth rate of clams L(t) = 25.9 [1 - exp( - 0.323 t)]2 94 ; (9)

Table 2. Body composition and calorific content of U. terminalis in Lake Kinneret ( SE).

Parameter Shell Soft tissues Interbranchial Whole
liquids individual

Md/Mw, % 98.7 (0.4) 21.9 (2.2) 0.34 (0.09) 65.0
n=24 n=25 n=5

MaMd, % 97.2 (0.3) 51.6 (3.9) 37.8 (2.5) 61.5
n=24 n=25 n=5

Mw, % 62.3* 15.6* 22.1** 100.0
Md, % 94.6 5.3 0.1 100.0

Mafd, % 50.5 48.1 1.4 100.0
Caloric content
Kcal/gw.m*** 0.139 0.529 0.011 0.171

n number of measurements

MW wet mass
Md dry mass

Ma ash mass
Mafd ash-free dry mass
* Calculated for average individual mass in the population (see text)
** Calculated as Mt - Msh - Msb

*** Calculated with the assumption that 1 g ash-free dry mass is 5 Kcal (see Materials and methods)
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Fig. 7. Walford plots of U. terminalis: Jordan inlet zone, 5 m
(up) and Poria zone, 6 m (down). The linear regression be-
tween the length of two consecutive annual shell rings (cm).
The dotted line is the bissector. The coordinates of the point
where the regression line crosses the bissector indicate the
asymptotic length.

where: W(t)= total wet mass (g) of the clam at
time t (yr).

Instantaneous mass growth rate (G, yr- ') can
be expressed in terms of L (cm):

Jordan inlet: G = 1.211 (5.245/L - 1); (10)

Poria: G = 0.950 (5.296/L - 1). (11)

Production

The annual production of the population (P) was
estimated proceeding from the structure of the
population (Fig. 8), mass-length relationship
(equation 1 in Table 1) and instantaneous growth
rates (equations 10 and 11). The production and
biomass of U. terminalis in the Jordan inlet and
Poria zones are presented in Table 3. In the Jor-
dan inlet zone at 5 m depth, the biomass and
production were 1.5-1.7 times higher than in the
Poria zone at 6 m depth. Nevertheless the P/B
ratios were fairly similar at both sites.

Discussion

Clam distribution

At all locations, the highest Unio density was ob-
served in the muddy sand, and thus we can sug-
gest that this kind of substrate is most suitable.
Furthermore, the presence of dense Unio concen-
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Fig. 8. Size structure of U. terminalis population: black bars
- in Jordan inlet zone, 5 m; empty bars - in Poria area, 6 m.

IU
.

I

.

I:

A.

I . _. .J- -L
.



57

Table 3. Biomass and annual energetic budget of U. terminalis at two sites in Lake Kinneret.

Site B P P/B R R/P A
yr- 1 Kcal m- 2yr- Kcal m-2 yr-'

gm- 2 Kcalm - 2 gm-2yr- Kcal m-2yr-

Jordan inlet 371 63 61.8 10.6 0.167 129 12.2 140
Poria 222 38 39.5 6.8 0.178 80 1.8 87

R - metabolic energy (respiration).
A - assimilated energy ( = P + R).

trations at intermediate depths where muddy sand
was found may also reflect the dependence of the
clam upon the wave action and the oxygen regime
near the bottom. Thus, the wave action appears
to affect negatively the clam density and at the
same time it takes part in redeposition of fine
sediments to the deeper part of the lake. These
phenomena might be the reason for the increase
in clam density as well as the percentage of the
muddy component in bottom sediments with
depth in the upper range of the habitat. On the
other hand, in the lower range of the habitat, the
decrease of the clam density with depth probably
reflects the deterioration of the oxygen regime
above the bottom sediments, which occurs during
the stratification period. The deterioration con-
sists of an increase in the daily duration of anoxic
conditions. This phenomenon can be related to
the absence of dissolved oxygen in the hypolim-
netic waters (C. Serruya, 1978a) and to the daily
seiche movements (up to 10 m) in the inshore
zone (S. Serruya, 1978).

The lower boundary of U. terminalis distribu-
tion in the Jordan inlet zone (9 m) and in other
parts of the lake (15 m) coincides with the line
below which oxygen is temporarily absent during
the stratification period (Tchernov, 1975; C. Ser-
ruya, 1978a). It can be suggested that the oxy-
genation level in the upper layer of the bottom
sediments in the Jordan inlet zone is lower than
at similar water depths in other parts of the lake,
because of the heavy flux of organic matter by the
river current. The organic particles fluxed by Jor-
dan waters are sedimented mostly in this inlet
area (C. Serruya, 1978b), and their decomposi-
tion apparently accelerates oxygen depletion here
as compared with the same depth in other parts

of the lake. The coincidence of the lower bound-
ary of the Unio habitat with the thermocline-
bottom interface indicates that the oxygen regime
near the bottom is an important factor controlling
the spread of U. terminalis to depth.

Recent data indicated that unionid densities
are directly related to the densities of fish glochid-
ial hosts (Strayer etal., 1981; Smith, 1985; Mc-
Mahon, 1991). Moreover, a positive correlation
between fish and clam densities might also indi-
rectly go through the level of water productivity,
since both fish (Bulion, 1983) and mollusc den-
sities (Alimov, 1979; Strayer et al., 1981) are pos-
itively related to the productivity of water bodies.
In this respect, the detected correlation between
the clam and fish densities in Lake Kinneret sug-
gests that fish glochidial hosts as well as water
productivity (food availability) might be signifi-
cant factors affecting U. terminalis distribution in
Lake Kinneret. In particular, considerable nutri-
ent influx by Jordan water generating the addi-
tional food supply in the inlet zone and the high-
est fish density both apparently give rise to the
highest density of Unio in this area.

Body composition

The contributions of the shell and soft tissues to
the total U. terminalis body mass (Table 2) essen-
tially differ from those obtained by Lewandowsky
& Stanczykowska (1975) and Alimov (1981) for
European Unio (Msh/Mt = 26-43 % and Msb/
M = 48-69%). Thus, U. terminalis in Lake Kin-
neret has a more massive shell and a lower por-
tion of soft tissues as compared with European
Unio. Green (1972) has shown that the shell mass
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and thickness of certain species of unionids is
highly dependent on NaCi concentrations, pH
and alkalinity. These parameters are high in Lake
Kinneret (C. Serruya, 1978a) and therefore could
be partially responsible for the massive U. termi-
nalis shell.

The percentages of water in the shell and soft
tissues of U. terminalis are close to those mea-
sured in European unionids (3.3 % and 84.2 % for
shell and soft tissues, respectively; Alimov, 1981).
The organic contents in the shell and soft tissues
of the Kinneret Unio are lower than those mea-
sured in European Unio species (14.5% and 84-
94%, respectively; Alimov, 1981).

The lower fraction of organic matter and
the high portion of the shell mass in the body
of U. terminalis resulted in a caloric content
(0.171 Kcal/gw.m) which is substantially lower
than that obtained for European Unio species
(0.4-0.7 Kcal/gw.m; Tudorancea & Florescu,
1968; Tudorancea, 1972; Alimov, 1981).

Growth and production

The U. terminalis growth rate in the northern part
of Lake Kinneret was higher than that in the
southwestern zone of the lake. Such a difference
can most likely be attributed to enhanced avail-
ability of food sources in the Jordan inlet zone
(C. Serruya, 1978b). Alimov (1981) documented
the lower growth coefficients (0.24-0.28 yr- )
and higher asymptotic shell length (10-13 cm) in
European Unio species than those computed for
the Kinneret unionid.

The average life-span of U. terminalis in the
Jordan inlet and Poria zones, as estimated by the
length frequency distribution data (Fig. 8) and
growth equations (6) and (7), varied between 9-11
years which is similar to the range given by Rub-
bel (1913), Fischer (1950), Wesenberg-Lund
(1937), Negus (1966), Tudorancea (1969) and
Stadnichenko (1984) for European unionids.

For different species of Unio in lakes and riv-
ers in Europe, Canada, and the USA, the annual
P/B ratio varied between 0.09 and 0.34 (Negus,
1966; Tudorancea & Florescu, 1968, 1969; Mag-

nin & Stanczykowska, 1971; Tudorancea, 1972;
Lewandowski & Stanczykowska, 1975; Nardi,
1978; Strayer etal., 1981; Hanson etal., 1988;
Nalepa & Gauvin, 1988). The P/B ratio for
the U. terminalis population in Lake Kinneret
(Table 3) is close to that for other unionid com-
munities in colder waters with similar or even
lower levels of productivity. At higher tempera-
tures and better food conditions, the growth rate
rises (Winberg, 1971a; Zaika, 1983); therefore it
could be expected a priori that unionids in Lake
Kinneret might have a higher P/B ratio than those
in other colder water bodies. The similarity of P/B
ratios in populations of unionids in Lake Kin-
neret and other water bodies probably reflects a
higher proportion of longer life-span individuals
in Kinneret, since low P/B ratios are appropriate
for populations with a high percentage of old-age
individuals (Magnin & Stanczykowska, 1971;
Zaika, 1983).

Energetic budget and ecological significance

The potential role of U. terminalis in Lake Kin-
neret was assessed by calculating the filtration
capacity and the overall bioenergetic budget of
the clam population.

Our calculations show that the respired energy
was 12 times higher than that used for the sec-
ondary production of the U. terminalis population
at the two examined sites (Table 3). The results
given in Table 4 show that in both the Jordan inlet
and Poria zones, an average U. terminalis speci-
men can filter about 2 m3 of water per year. The
rate of water filtration per unit area by the com-
munity of clams is higher in the Jordan inlet zone
because of higher clam density.

The similarities of the P/B and R/P ratios as
well as the filtration capability of clams at two
sites of Lake Kinneret (Table 3 and 4) justify
combining them in evaluating the overall bioen-
ergetic budget of the U. terminalis population in
Lake Kinneret. Thus, these parameters were as-
sumed as: annual P/B ratio = 0.17 yr- , annual
R/P ratio = 12, average filtration rate= 2 m3

ind - yr - . In addition, the following values were
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Table 4. Filtration activities of U. terminalis populations at two sites in Lake Kinneret.

Site Depth N Vf* VfN
m (ind m- 2 ) (m3

m
- 2 yr- 1) (m3 ind - ' yr- ')

Jordan inlet 5 22.7 48.2 2.1
Poria 6 15.3 30.0 2.0

* Vf - anual volume of filtered water by all individuals on m2.

accepted for the entire population: depths inhab-
ited by Unio = 1-11 m, bottom surface area of
inhabited depths = 20 km2, and caloric content of
total body mass=2.64Kcal ind-'. The clam
density limits obtained for the chosen locations
(2-16 ind m 2) were used in our calculations.

Based on the assumed values, the whole popu-
lation of U. terminalis in Lake Kinneret is able
to filter from 8 x 107 to 64 x 10 7 m3 of water per
year, that is about 2-17% of the total lake vol-
ume, or 60-500 % of the water volume above the
bottom inhabited by U. terminalis (littoral and
sublittoral). The ecological significance of the fil-
tration activity of bivalves is attributed to their
ability to intensify the sedimentation of suspended
matter and in such a way to improve water quality
(Alimov, 1981). Moreover, clams may glue and
deposit such small particles which are normally
not sedimented (Sornin, 1981). Consequently, the
clam population forms a belt around Lake Kin-
neret which may act as a biological filter. Its ac-
tion is especially important in the shallow zone
which supplies the resuspended matter to the pe-
lagic zone.

Taking into account that clams can remove
from water almost all particulate organic matter
(Kondratev, 1970), and that the annual average
concentration of particulate carbon in Kinneret
water is 0.9 ppm (Nishri, pers. comm.), it can be
computed that the total suspended carbon
removed from the water by U. terminalis (i.e. eco-
logical consumption) is within a range of 72-580 t
C yr- '. Our calculations show that at the same
time the physiological food demand of the Unio
population may comprise about half of the eco-
logical consumption (Fig. 9).

The difference between ecological and physi-
ological consumptions reflects the production of

pseudofeces ejected into the water and sinking to
the bottom as pellets. The pseudofeces are pro-
duced by clams mainly with excess of food sup-
ply when the seston concentration exceeds a cer-
tain threshold (Widdows et al., 1979; Alimov,
1981; Deslous-Paoli et al., 1992). For this reason,
the concentration of particulate organic matter in
general does not limit the food demand of the
Unio population in Lake Kinneret. However, the
concentration of particulate organic matter in the
lake seasonally changes about six-fold (Nishri,
pers.comm.); therefore food limitation is feasible
in some periods.

The fraction of assimilated energy relative to
the filtered organic matter of about 31 % is simi-
lar to that measured for other bivalves (36-49%)
in natural waters (Fuji, 1979; Stanczykowska &
Planter, 1985; James, 1987; Nalepa et al., 1991).

As shown in Fig. 9, the food demand (physio-
logical consumption) of U. terminalis is deter-
mined to a great extent (550%) by the metabolic
energy expenditure (respiration), because approx-
imately 92 % of the assimilated energy is expended
to respiration and only 8% to production. The
proportion of metabolic energy expenditure ver-
sus secondary production energy (12 times) for
U. terminalis is similar to those presented for three
unionid species (9-16 times) by Tudorancea &
Florescu (1968) and Tudorancea (1972). This fact
confirms their conclusion on the low efficiency of
production as a result of the high energy flow to
metabolic processes in unionid populations.

Filtration capacities and carbon fluxes (or
equivalent energetic values) through the popula-
tion considered above allow us to draw some
preliminary conclusions about the potential im-
pact of clams on the lake ecosystem.

Most of the organic matter filtered by the
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tion

Fig. 9. Annual energetic budget (in percentage of ecological consumption) of the U. terminalis population in Lake Kinneret

(schematic).

U. terminalis population (ca 70%) is finally de-
posited to the bottom as feces and pseudofeces.
Although the chemical composition and caloric
content of feces and pseudofeces are different,
their organic matter can serve as fuel for the life
activity of other benthic animals (Deslous-Paoli
et al., 1992). Consequently, the clams can be con-
sidered as organic matter suppliers to the
zoobenthic community. About one third of the
filtered organic matter are dissipated due to meta-
bolic processes. As known, in the course of the
metabolic processes in aquatic organisms, nutri-

ents (such as N and P) are released into the water
and in turn are required for the development of
primary production. In other words, the clams
may also participate in processes of nutrient re-
generation in the lake.

Only an insignificant part of the filtered organic
matter (ca 2%) is removed from the population
by dead organisms (assuming that the annual
mortality, in terms of carbon flux, is close to the
production of the population).

Although the computated carbon fluxes are
tentative and need to be specified, it can be seen
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that U. terminalis may play a noticeable role in the
shallow-water area of Lake Kinneret, in the fol-
lowing ways: a)removal of particulate matter
from the water due to biofiltration and sedimen-
tation, b) delivery of organic suspended matter to
the littoral and sublittoral benthic communities,
c) regeneration and recycling of nutrients as a re-
sult of metabolic processes in the clam popula-
tion.

The activity of U. terminalis in Lake Kinneret
should be taken into consideration for lake man-
agement.

Conclusions

1. The clams inhabit the inshore zone (up to 15 m
depth), with a maximum density on the mud-
sandy bottom. The highest density was ob-
served in the Jordan inlet area. A positive cor-
relation was found between the densities of
Unio and fish which might be hosting the clam's
glochidia.

2. U. terminalis in Lake Kinneret has a massive
shell, a high ash component in the total body
mass, and therefore a low caloric content as
compared with European species of Unio.

3. U. terminalis growth in Lake Kinneret was
found to be close to isometric. Shell growth
can be approximated by Bertalanffy's pattern.
The growth rate of individuals was higher in
the Jordan inlet zone than in the Poria zone.
It was assumed that the difference is attribut-
able to food availability.

4. At the same depths, the annual P/B ratios of
the clam communities were similar (0.17-0.18)
in different parts of the lake.

5. According to our calculations, the water vol-
ume above the bottom inhabited by U. termi-
nalis might be filtered 0.6-5.0 times a year. The
ecological consumption of the Unio population
ranged from 70-600 t C yr-'. About two
thirds of overall organic matter filtered by
U. terminalis population are deposited to the
bottom as feces and pseudofeces; and about
one third of its energy is dissipated due to
metabolic processes. It can be expected that

U. terminalis plays a substantial role in remov-
ing particulate matter from the water in the
shallow inshore area, supplying suspended or-
ganic matter to the benthic community, and
regenerating of nutrients.
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