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Abstract

starvation

The effect of exposure to different concentrations of food and suspended silt on filtration, respiration and conditen

were studied in the freshwater mussel Hyridella menzies:.
silt, mussels were maintained at different combinations
treatments mean filtration rates ranged from 0.97-1.66 |
h=". Silt (non-volatile suspended solids up t0 35 mg |~

Using a milk solids-based food and kaolin to simulate
of food and silt concentrations for 3 weeks. Between
27" b7, and respiration from 0.50-] 35 mg O, g~!
) failed to have a significant effect on filtrarion rae ar

condition, but with increasing food teveis (volatile suspended solids up to 35 mg i~ filtration rate was reduced, and

condition was reduced at the lowest food concentration

(<5 mg 1™!). Respiration showed 2 food x silt interaction

between treatment blocks. When food was tow respiration increased with Increasing silt concentrations, and when

siit was low (<5 mg 1) respiration increased with incre

asing food concentrations. The cbserved effects of foud

and silt on filtration, respiration and condition are discussed in terms of their potential for affecting contaminam
bicaccumulation. In low-food situations (i.e, <5 mg =1, if mussels are pumping large volumes of water,

contarinant uptake rates could be etthanced, whereas

abundant food would result in lower pumping rates and

lower uptake rates. Changes in metabolism with food concentration have implications for contaminant elimination,
and changes in biochemical composition associated with changing condition could affect the tissue distribution and

retention of contaminants,

Introduction

Freshwater mussels are commaonly used for environ-
mental monitoring of metals {e.g.. Tones & Walk.
er, 1979: Adams et al., 1981 Millington & Walk-
er, 1983), and organic compounds (e.g., Hartley &
Johnston, 1983; Storey & Edward, 1989: Herve, 1991;
Kauss & Hamdy, 1991). A basic requirement of species
used for menitoring aquatic contamination is that they
should exhibit the same correlation between the bicac-
cumulated concentration of a contamipant and the
average coataminant conceniration in the surrounding
water at ail monitoring locations and under all con-
ditions (Phillips, 1980). For mussels this necessitates
an undersianding of the many abiotic and biotic fac-
tors which may determine the relationships between

contaminant levels in the environment compared 1o
those accumulated in the mussel ussué (Widdows &
Denkin, 1992). Despite the already widespread and
increasing use of freshwater mussels for contanminm
monitoring, the many factors influencing bioaccumuly-
tion are still poorly understood (Eider & Collins, 19915,
Muncaster et al.. (1990) considered the relative conri-
bution of water- and sediment-bound contaminants 1o
the total contaminant body burden in Lampsilis rudia-
ta and Elliprio complanata, and the effect of enciosure
on contaminant uptake, The effects of various heavy
metals and their uptake kinetics have heen studied in
Anodonta cygnea (Saldnki & V.-Balogh, 1989, and
references therein).

Species of the hyriid mussel Hyridella are found
througheut Australagia (Walker, 198 1a), and the Aus-




teadian spocies. Fhordella ausiralis, has been used for
Broanononing of e pesacide endrin (Ryan e af.
a2 The New Zeafand species Hyridella menzies
fasalse been recognsed s having potential for envi-
ionmental memtonng (Roper & Hickey, 19943, and
et anaduses have tevedded accumulanons of heavy
metals and vrganic compounds (authors’ unpublished
Gt When monttoring inorivers it 8 commaon {o
cnvounter downstream giradients in food and suspend-
od sl Both factors are known o strongly affect
brvalve physiology tew, Bayne er al., 1976, Grif-
inhs & Gritliths, 1987 Bocelj & Malouf, {984, Grant
& Thorpe, 19915 and hence have the petential o affect
Proaccamulation. To understand better the possible
foic ot these exirmsic {a¢tors in contaminant accu-
madation this study examines the effect of exposure w
difierent coneentrations of foed and suspended silt on
Hitration, respiration and condition of Hyridella men-

S

Methods

Hvrdetla menziesi were collected using SCUBA from
Lake Rotokawau (38 05/S, 176 °22'E) in March {ear-
boautinng when the Take water temperature was about
fn 0 Ol This small oligotrophic lake on the central
vuleame platcau of the North Island, New Zealand,
upports dense popuiations of mussels (James, 1987).
Nirety mussels within the length range of 46.] -
ST R mm imean 527 mm, standard deviation 221 mm)
were selected. The experimental design consisted of
three food and three suspended silt levels, giving
PiTeparale treatments. Ten mussels were candomly
assignedd 1o el reatment. Each reatment was main-
tned ina 15 1 plastic patl, with an 9 em deep layer
of Tuke sand (wuashed to remove fines) and 10.6 | of
focal river water. All the water used in experiments
Wi ubtained from the Waikato River and had been
Hovoulued with afum and passed through a sand fil-
fer st the Humilton city water treatment station. Mus-
sels were fed ona dier based on Compian, a propri-
clary human dictary supplement consisting mainly of
itk solids, following the recommendation of Walker
PTUST b supplemented with ground alfalfa and veast
mothe dey o weight ratios of 0.02 alfalfa: 0.03 yeast:
POS Complun, and kaolin was used to simulate silt,
Food and suspended silt were measured as volatile sus-
pendedwolids tVSS and nen-volatle suspended solids
ENNSNC G Bixed solids), respectively, using standard
methods CAPHAL LUSY) The three tood levels were

achieved by administering no food {*low food”), or
dosing the treatments with the stock food solution to
give neminal VS8 concentrations of S mg 1= {*medi-
um food™) or 35 mg ™! (‘high fo0d"). The three silt
levels had no kaolin {‘low siit’), or were dosed to give
nominal NVSS concentrations of 5 mg 1! (‘medium
sift’y or 35 mg 1™ {*high silt'"). For three weeks reat-
ments were dosed with food and kaolin every 12 h,
and kept at 20 °C under a natwral light/dark cycle
with vigorous aeration. The water in each treatment
was replaced every second day, and on five occasions
during the maintenance pericd 1 i samples of the reat-
ment water were collected Immediately after feeding
and 12 h later to determine the range in suspended solid
conditions. After three weeks, fltration and respiration
rates, and condition of the mussels were measured.

For filtration rate measurements (i.e., the rate at
which particles are removed from suspension) the 10
mussels from a treatment were scrubbed clean and
placed individuaily in dishes containing 50¢ mi of fil-
tered river water. Gentle aeration in each dish ensured
adeguate mixing of the water. When all the mussels
were open with their siphons extended 10 ml of a
2 ¢ 17! veast solution was added to each dish. Sub-
samples of water were collected after 2 min when the
yeast was thoroughly mixed and again 15 min later.
Yeast concentrations were determined spectrophoto-
metrically by measuring absorbance at a wave length
of 450 nm. The filtration rate (! h~") was determined
{after Coughlan, 1969) as:

__ Vo0
fitration rate = —{og, =,
Cy

t
where V is the volume of warer and yeast solution
in the dish in {, C, is the initial yeast concentration,
C. is the final yeast concentration, and ¢ is ihe time
interval between samples in h. Pumping rates were
corrected for decreases in yeast concentration observed
in 2 control dishes containing nc musseis.

To determine respiration rates the 10 mussels from
atreatment were scrubbed clean and placed individual-
ly in sealed 620 m! chambers containing air-saturated
filtered river water. The mussels were supported in wire
frames above the chamber Hoor and magnetic stirrers
were used o facilitate mixing. The chambers were kept
at 20 °C and after 2 15 min equilibration period oxy-
gen uptake was measured for about 30 min by means of
YSToxygen electrodes inserted into the chambers. The
veltage signal from each electrode was routed through
a scaling ampiifier to subtract the background oxvgen
coneeniration and amplify the working range to | mg
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' full scale. This signal was monitored on a chart
recorder.

At the completion of experiments all mussels were
shucked and the flesh and shells dried at 60 °C for
48 hours and weighed. Physical condition was cal-
culated as dry flesh weight (mg) per shell wetght (g}
foliowing Crosby & Gale (1990), and fiitration and
respiration were expressed per dry weight. For each of
the variables measured (i.e., filtration, respiration, and
condition) statistical comparisons between reatments
were made using analysis of variance {(ANOVA) {ol-
lowed by the Tukey multiple comparison procedure
(Zar, 1984), Log transformation of condition values
was necessary because of heteroscedasucity of vari-
ances.

Resuits

Relative levels of food as volatile suspended solids
and silt as non-volatle suspended solids zchieved In
the 9 reatments are shown in Table 1. With 12 hourly
dosing of the treatments it was not possibie t0 main-
tain constant food and siit concentrations, and as a
result of mussel filtering and settlement, volaule and
non-volatile suspended solid concentrations were sub-
stantially lower after 12 h, especially at higher con-
centrations. Results of pairwise {r-test) comparisons of
suspended solid levels are shown in Table 1,

Survival of mussels was good with only 1 of the
90 mussels dying before the end of the experiment.
Copious pseudofaeces were produced by mussels in the
high silt weatment, and (o & lesser extentin the medium
silt. Results of two-way ANOVA on filtration, respi-
ration and condition are shown in Table 2. Filtracon
rate and conditon both showed no significant effect
of silt but were affected by rood concentration. With
increasing iood levels dltration rate was reduced, and
condition was highest with medium foed, and lowest at
the low food concentration {(Fig. 1), Twao-way ANCVA
revealed no significant effect of food or silt on respira-
tiot, but there was a significant food x silt mteraction.
This indicated that the effect of silt and/or food var-
ied betwzen treatment blocks. Respirauon data were
therefore reanalysed for food and silt effects separate-
Iy using one-way ANOVA {Table 3). This showed that
among the 3 low food reatments there was a signifi-
cang silt effect, respiration increasing with increasing
silt concentrations (Fig. 2). Similarly, in the low silt
treatments there was a significant food effect, with
increasing respiration associated with increasing food

19

Tuble !, Means {and standard deviations) of volatile and non-volatile
suspended solid concentrations in the 9 treatments immediately after
dosing ¢inttiaf) and after 12 h based on five measurements during the
maintenance period. Significance of t-lest comparisons of initial and
12 h concentraticns are shown as as = not significant at p<0.03, * =
p<0.03, =* = p<0.0L, *** = p<0.001.

Treatrnent Suspended solids
tmg 1™
Initial i2h

Volatile
iow food: low silt 0.6 {0.3) 0904y s
low food: medium siit [.1 (0.6} 1.1(0.6) ns
fow food: high silt 3427 2015 ns
medium food: low silt 3.2 (2.0% 0.4(0.6) **
medium food: mediam silt 5.00.8) 0702y =
medium fooed: high silt 7.7(1.6) 1.8 {08y  »xx
high food: jow silt 40007 46025 =+
high food: medium silt 35.4 (6.3) 116(6.3)  ***
high food: high silt 470N 10.2(5.3) =+

Non-volatile
low food: low stit 0.040.0) 0000 ns
low food: medium silt 8.7 (2.0% D304 =
low food: high silt 36.2 {1.5) 21015 =
medivm food; low silt 0.8{1.8) 0400y os
medium food: medium silt 6.0 (2.3) PEE (X
medium food: high silt 30.5(8.2) 1.2{0.9) *
mgh food: low silt 0.2(0.4) 0.0€0.0) ns
high food: medium silt 8.1 {4.0) 0.4 (09 *
high food: high silt 33.5(6.0) 05 (L0 oAk

concentrations (Fig. 2. No other significant refations
were found for respiration.

Discussion

Rather than using an algal based food the mussels were
fed on a diet comprised mainly of milk solids. While
this was not a nawral food the dissolved and partic-
ulate crganics, plus the bacteria which would have
been present, were sufficient to maintain the mussels
for the duration of the experiment. James (1987) has
shown that H. menziesi in Lake Rotokawau do not rely
on algae for feed, deriving 95% of their energy from
allochthonous organic material.

There are few data available for VSS and NVSS
concentrations in New Zealand freshwaters; howev-
er, in a study of mining lmpacts in several streams
Davies-Colley er al. (1992) reported suspended solids
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voncentrations {which can be assumed to be nearly all
NVSS)of 10.8-275 mg 174, In the Waikato River sys-
tem average V8§ concentrations at several sites have
been found to range beiween 0.8~16 mg 17! and NVSS
between 0.9-31 mg 17" (Davies-Colley, unpublished
data). Food and silt levels used in this experiment were
therefore environmentiaily realistic, and covered the
range of concentrations which mussels might reason-
ithiy be exposed o naturally.

Mean filtration rates of H, menziesi meassured in this
sludy ranged between treatments from 0.97-1.661 g™
h™ . bhased on mussels with mean dry flesh weights
ot B39 g These rates are higher than those quoted
by James (1987} for H. menziesi of 0.20-0.551 h™1,
for o 0.7 ¢ (dry flesh weight} mussel, but are con-
sistent with rates given by Kryger & Riisgard (1988)
for other anionacean mussels. Mean respiration rates
ranged from 0.50-1.35 mg O7 g7 h™! between treat-
ments, compared with rates quoted by James {1987)
0f L46-0.51 mg Oy h™" for a 0.7 g (drv flesh weight)
fmenziesis Sheldon & Walker {1989) reported oxy-
gen consumption rates for the Australian hyriid mus-
weis Mlarhvria jacksoni and Velesunio ambiguus of 0.69
and 044 myg Oy v tdry flesh weighny =975 -1 respec-
tveby

Silt tevel
B nigh
F medium
E fow

2.0+

Rewpiration (ne, o 'h'y

Food [gvel

Fig. 2. Mean respiration levels {= | standard erfor; 1= 9 or 10 for
each bar} measured ia the various silt and food treatments.

At the end of the 3 week incubation filiration
rates were higher for mussels in the low food treat-
ment compared with the medium and high food treat-
ments, whereas no significant effect of silt was found,
Effects of food concentration on bivalve filtration rates
have been reviewed by Bayne er al. (19763, Win-
ter (1978). Bayne & Newell (1983), and Criffiths
& Griffiths (1987). Typicaily, from a low thresheld
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Tuble 2. Resuits of twa-way ANOVA of the effect of food and silt oa filtraton. respiration
and condition, There were 10 replicates per treatiment. except for fow foud-dow silt which
had 9. Comparisons of differences between means were carried out using Tukey's wst, with
treatments which were not significantly different connected by urderlining, (L = ko) M =
medium: H = high, F = food: ns = not significant at p< 0.05: * = significant a1 p< .05

Dependent Souree df  F I Sigaificance  Comparison
variable of variation of meany
Filrration fate food 2 2000 n022 ¢ LEMEPHE
silt 2006 0024 i o
food = silt 4 352 0595 ms

Respiration food 2 398 D142 s
silt 2 x4 0937 ns
food x sift 4 076 00U #

Condition foad 2 409 o012 * LEHFMF
silt 2 .19 0308 as -
food x sttt 4 LOT 0376 os

Tabie 2. Results of one-way ANOVA of the effect of food and silt on respiration. There

were 10 repficates per eatment, except for fow tood:ow silt which had 9. Comparisons
of differences between means were carried our uging Tukey's test, with trentments which

were not significandy different connected by underlining. {1 = jow. M = medium B
high: S = silt: F = food: ns = not significant at p<0.03; * = significant ar p<0.05, #*

significant at p<<0.01)

H

4

Treatment

Source

4f

F » Significance  Comparison

held constant of vanation of means

low food sile 2 419 006 LS MSHS
madium food  silt 2 0L 0897 ms '"”""”“”“’””‘
high lood silt 2 B4 0070 ns

lanw silt food 2 845 0004 ¢ LEMFAF
medivm silt food 20 003 0975 ns -
high siit food 2 085 0437 s

a¢ food roncentratiorn increases filtration rate rapid-
fy increases and then is Kept constant up to a food
concentration at which a maximum mgestion rate is
reached. From this point filtration rate decreases con-
tinuously while the amount of food ingested remains
constant (Winter, 1978} Therefore the nature of the
fittering rate response (i.e., whether it increases or
decreases)depends upon the food concentration. There
are two interpreiations ot the observed iltration rate
increase for starved H. menziesi. Filtration rate may
have increased during the course of the experimentin
an attempt to capture what little food may have been
present. Although no food was added to the “low food’
treatment it is likely that bacteria and the smalt amounts

of dissolved and suspended organic matertal present
may have been suificient to stimulate feeding activity.
A variety of suspended particulates, including bac-
teria, phytoplankton, detritus and microzoopiankton.
as well as dissolved orgume malerial. can be utilised
as food by bivablves (Hawkins & Bayne, 1992, and
H. menziesi has been shown o derive more than 95%
of its carbon reguirements from allochthonous organ-
ic material (fames. 1987, Although the water used
in experiments was passed through a sand fiter small
amounts of VS5 were detected in the low food treat-
ment {Table ¥ Griffiths (1980) found that when filira-
ton rate of Choromyiilus meridionalis was measured
in a range of cell densities, mussels which had been



sarved Tor 3 weeks showed o marked increase in fil-
trafsion rate, and that fiftration rates were highest when
measured i low el densitics. This was taken as an
tncdication that £ meridionalis may adiust s fltration
cite when subjected (o limited food over a 2-3 week
pertod. An ulternative interpretation of the filtration
rate increuse for starved H. menziest is that after three
weeks of strvation, during which time filtration rate
may have declined. filtration was subsequently stim-
ulated at the tme of measurement by exposure 1o the
veast cells. For example, Bayne er al.. (1976 state that
AMvrifus edulis does not filter in very dilute suspensions,
and Bayne & Scullard (1977} showed marked filtra-
tion rate increases immediately after feeding starved
M. ediiis. Whatever the nature of the response of
miussels in the low food treatment, it is likely that
the filtration rates shown by mussels in the medium
and high [ood treatments were depressed. Based on a
number of studies of ivalve filter-feeding, Griffiths
& (riffiths (19873 concluded that high food availabil-
iy leads to decrecased filtration rate. Sprung & Rose
{ 1Y83) showed that for the freshwater musset Driesse-
na polvmorpha filtration rate reduction at high food
fevels was directly brought about by reduced pumping
rate,

in contrast to the effect that food was found to have
on Altration rages, no significant differences in filiration
were detected after exposure to silt concentrations of up
to about 35 mg |~'. As with the food response, howev-
or. WL may not be reasonable (o assume that the response
of the mussels during exposure to silt is necessarily the
same as that response measured at the end of the experi-
ment; especiaily as fiitration measurements were made
in silt-free water, While clearance rate in Spisula sub-
truncata is unaffected by suspended sediment at con-
centrations of up to 25 mg 1™ (Mghlenberg & Kiorboe,
V98 1), increasing suspended solids loads up to 44 mg
i7" reduced clearance rates in Mercenaria mercenaria
{Bricely & Malouf, 1984). Because of the high corre-
lition between oxygen consumption and filtration rate
(Griffiths & Griffiths, [987), Grant & Thorpe {1991)
used respiration as an indicator of ventilation rate.
Using this technigue they found that exposure to elevat-
el suspended sediments {up 10 2000 mg 17" inhibited
the venuiaton ruie of Myva arenaria. The increase in
oxyien uptake of H.omenziesi, which was seen with
increasing sit concentranions in the absence of food
tlable 3. Fig. 2y, suggests that filtration rate was being
mereased. The reason that no response was detected
when tiltration rute was measured directly may have
been because of the targe vuriability between individu-

als, or that the incubations had not been run sufficiently
long encugh to induce a measurable change. Although
not significant, mean filtration rate was higher in the
high silt reatment (Fig. 1). It s also a possibility that
the metabolic cost of pseudofaeces production seen at
the high silt concentration was causing increased oxy-
gen consumplion.

Filter-feeding bivalves display two main strategies
for dealing with suspended sediment: they may reduce
clearance rate, or they may eliminate unwanted parti-
cles as pseudofaeces (Foster-Smith, 1978). Hvridella
menziesi appears 10 use the latter sirategy, as copious
pseudofaeces were produced by mussels in the high
silt treatments, and to a lesser exient in the medium silt
concentrations. Despite this high pseudofaeces pro-
duction mussels were maintaining food ingestion at an
adequate level as condition did not drop in response
to mcreases in silt. This couid only have happened
if H. mengiesi was extremely efficient at selectively
rejecting silt particles and/or increasing pumping rate
to ensure a sufficientration was ingested. This supports
the conclusion that, based on respiration measure-
ments, filtration rate had been increased in response
to exposure (o silt. It has heen discussed above that
in the low food treatments silt appeared (o be increas-
ing filtration. Particle selection with preferential inges-
ton of food particles and rejection of particles with-
out tood value as pseudofaeces has been extensive-
ly documented for filter-feeding bivalves (Jargensen,
1590), and 1s also very likely 0 occur in &, menziesi.
Bricelj & Malouf (1984) suggested that bivalve species
which reduced clearance ir: response to siit will be less
successful at exploiting turbid environments, whereas
those species which produce copious pseudoefaeces and
control ingestion primarily by producing pseudofae-
ces will be better adapted to cope with high suspended
sediment loads. Hyridella menziesi appears 1o be well
adapted to living in turbid freshwater environmeats by
utilising the latter strategy.

Oxygen consumption was also found to have
increased with food concentraticn in the low silt treat-
ments (Table 3, Fig. 2). Reports of increases in respi-
ratien rate with raticn are common for many bivaive
species (e.g., Bayne ¢t al.., 1976; Griffiths & King,
1979 Schurink & Griffiths, 1992), and have been
attributed to accelerations in filtration rate and the
increased metabolic costs associated with increased
feeding activity (Bayne & Scullard, 1977). By con-
trast, no effect of ravon level on oxygen uptake could
be found in the marine mussel Choramyiilus meridion-
alis {Griffiths, 1980) or the bivalve Spisula subrrun-
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cata (Mehlenberg & Kiprboe, 1981). It seems likely
that for ff. menziesi filtrazion rate actually decreases
with increasing food concentration (see above), so that
the observed increase in respiration is more likely to
be associated with the metabolic costs of feeding and
growily, rather than pumping activity,

Measurement of condition provides a good indica-
tor of physiclogical stress in shellfish (Goldberg, 1$80;
Widdows, 1985). It is not known how conditicn may
have changed from the start of the experiment, but after
3 weeks condition was significantly lower in mussels
which had not been fed, whereas addition of siit had no
effect. Sprung & Borcherding (1991} found that star-
vation for 31 days in the freshwater mussel Dreissena
polymorpha resulted in a loss of 23-34% of the origi-
nal dry tissue weight, and in particular loss of lipid and
protein. The fact that elevated silt concentration had
no effect on condition confirms that H. menziesi was
able to maintain an adequate ration, despite having to
eliminate silt as pseudofaeces,

Where mussels are being used to assess environ-
mental contamination it is important to understand the
factors determining the relationships between contam-
Inant cencentrations in the environment compared with
those in the musse! tissue. The degree 1o which both
crganic and inorganic contaminants are accumulated
can be influenced by biotic factors, including pumping
activity, growth, biochemical composition, reproduc-
tive condition and metabolism (Widdows & Donkin,
1992). Uptake of organic compounds is generally by
direct diffusion across external membranes, and while
the mechanisms involved in metal accumulation are
unclear (Viarengo, 1989) direct uptake from the sur-
rounding water is still imporiant (see review in Wid-
dows & Donkin, 1992), For this reason, rates of con-
tammnant accumulation are closely linked to the volume
of water a mussel processes, and can be summarised
in terms of 2 bioenergetics-based model {e.g.. Boese
et al... 1988). In experiments with H. menziesi an indi-
cation of the amount of water processed was gained
from measurements of fltration rate (based on the
removai of particles from solutien) rather than pump-
ing rate. Filtration rate is closely related o pumping
rate but is influenced by efficiency of particle retention
(Griffiths & Griffiths, 1987). It is not known exact-
ly how pumping relates to fluration rate in N, men-
ziesi, although it can be assumed that changes in fl-
tration will to some extent be the result of changes
in the amount of water being processed. Dreissena
polymorpha has been shown o reduce filtration by
reducing pumping rate (Sprung & Rose. 1988). Lack

of food seemed to increase fiitration, or conversely
satiation reduced filtration and, in starved mussels, sillt
was probably increasing fliration. It is likely there-
fore that through their effect on filtration (and presum-
ably pumping rate) food and sift concentrations could
influence contaminant accumulation. [n low-food Sit-
uations (i.e., <5 mg 1" if mussels are pumping large
voiumes of waler to obtain sufficient food, contami-
nant uptake rates could be enhanced, whereas abun-
dant food would result in lower pumping rates and
lower uptake rates. However, as there was no signifi-
cant difference between filtration rates in medium and
high food treatments, the potential effect of filtration
ot contaminant accumuiation may only be important at
low food concentrations (i.e., <5 mg |71, Also, when
food levels are low, increases in silt will stimulate
pumping and increase the potential for contaminant
uptake.

The marked increase in metabolism seen as high-
er respiration rates in association with increasing food
also has implications for bioaccumulation. Metabolism
can affect elimination of some bicaccumulated com-
pounds in bivalves {Widdows & Donkin, 1992).

Finally, the physiclogical condition and bicchem-
ical composition of a mussel can influence bioaccu-
muiation by affecting the tissue distribution and reten-
tion of contaminants (Widdows & Donkin, 19923, Tt is
likely therefore that the changes in condition, and pre-
sumably biochemical composition, which were seen
after exposure to different food levels for 3 weeks
would have definite consequences for bioaccumulia-
tion. The exact nature of this effect, however, would
depend upen the biochemical substrate metabolised
during starvation, which may involve carbohydrate,
lipid and/or protein depending upon the time of year
and length of starvation {see review in Sprung &
Borcherding, 1991).
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