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ABSTRACT: As part of a study designed to assess the impact of the pesticide technical chlordane on
marine infauna, a 3 mo field trial was conducted to identify sensitive species and life stages and to
determine the time-scale of their response. Technical chlordane was applied to a hitherto uncontami-
nated site to achieve a near-surface sediment concentration of about 7.5 ng (g dry fines)™! After 5to 13
tidal cycles, the density of common infaunal suspension and deposit feeding bivalves began to decline
and continued to do so for at least a further 31 tides. Populations of Chione stutchbury: and Tellina
liliana decreased to about 30 and 40 % respectively of their initial densities. Analysis of the size structure
of the 2 populations showed that the decrease resulted primarily from the loss of juveniles 0.5 to 2.5 mm
in size. Juveniles within this size range gradually repopulated the site between Tides 44 and 112, when
chlordane residues in the near-surface sediment dropped to 3 ng (g dry fines)™’ following a storm.
Numerous post-metamorphic specimens of Chione stutchburyi (76) and Tellina liliana (163) were
caught in drift nets placed around the study area, suggesting that the mobility of post-settlement
juveniles may play an important role in reducing the density of small shellfish in contaminated
sediment. The potential movement of post-settlement juveniles away from contaminated sediments
could provide a useful technique for impact assessment.

INTRODUCTION

Many organic chemicals of anthropogenic origin are
thought to be a threat to the marine environment. Most
of these are pesticides or products of technical use;
many contain chlorine (Ernst 1980).

Technical chlordane is a non-systemic contact and
stomach poison used in the control of a diverse range of
organisms, such as ants, beetles, grasshoppers, ter-
mites, cutworms and earthworms (Worthing & Walker
1983). Like many other organochlorine pesticides (e.g.
DDT, dieldrin, lindane}, it is considered a major
environmental contaminant (Callahan et al. 1979,
Mowbray 1988) because of its worldwide distribution
(Murty 1986, Kawano et al. 1988), its persistence in
both terrestrial (Watanabe 1973, Parker et al. 1985) and
aquatic ecosystems (Sanborn et al. 1976, Oloffs et al.
1978, Wood et al. 1986), its toxicity to a wide range of
non-target organisms (Parrish et al. 1976, Cardwell et
al. 1977, Mayer & Ellersieck 1986, Srivastava & Srivas-
tava 1988) and its accumulation and biomagnification
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through the food chain (Butler 1971, Jansson et al.
1979, Kerkhoff & De Boer 1982, Moilanen et al. 1982,
Kawano et al. 1988, Norstrom et al. 1988). Mass spec-
tral studies have shown that technical chlordane is
comprised of more than 140 different chlorinated hy-
drocarbons (Dearth & Hites 1991). How many of these
contribute to its toxicity is not known.

Since 1946 more than 70000 tons of technical chlor-
dane have been produced, of which 25 to 50% is
thought still to exist in the environment unaltered
(Dearth & Hites 1991). Estuarine sediments are often
rich in natural organic material and as a consequence
act as traps for discharges of organic contaminants
(Ernst 1984). Substances such as chlordane, which are
sparingly soluble in water and have a high lipid solubil-
ity, will bind to detritus and the microscopic organic
coating on estuarine sediments in preference to
remaining in solution (Karickhoff 1984). Thus chlor-
dane compounds will tend to concentrate in coastal
environs and enter the food chain through organisms
living in and on the sediments (Tanita et al. 1976,

0171-8630/91/0076/0261/$ 03.00



262 Mar. Ecol. Prog. Ser. 76: 261-271, 1991

Environment Agency Japan 1983, Stephenson et al.
1986, Fox et al. 1988, Phillips & Spies 1988, Hume et al.
1989).

Studies reporting the effects of technical chlordane
on natural assemblages of marine benthic inverte-
brates are few and are mainly concerned with its
accumulation in oysters (e.g. Tanita et al. 1976, Rosales
et al. 1979). More information is available on its acute
toxicity to selected marine organisms (e.g. Parrish et al.
1976, McLeese & Metcalfe 1980, McLeese et al. 1982),
but such data are of limited use when forecasting sub-
lethal effects and community response (Ernst 1980,
Waldichuk 1989).

In this paper, we examine how the addition of techni-
cal chlordane to a hitherto uncontaminated site
affected 2 natural populations of marine intertidal
bivalves. One species, the New Zealand cockle Chione
stutchburyi, is considered to be ecologically similar to
the northern hemisphere species Cardium edule and
Mercenaria mercenaria (Grace 1973). Adult C. stutch-
buryi live near the sediment surface and are typically
described as suspension feeders. Adults of the other
species, Tellina liliana, live 5 to 10 cm below the sedi-
ment surface and are generally regarded as deposit
feeders. Both species are common members of inter-
tidal sandflat communities in New Zealand. Our intent
in applying technical chlordane was not to produce
immediate mass mortalities within the study site, but
rather to investigate the more subtle effects of low level
contamination. In particular, we examine how the
population structures of the 2 species in the impacted
site were affected by the movement of post-settlement
juveniles.

MATERIALS AND METHODS

Study sites. Two sites, each 300 m?, were established
at mid-tide level on a sandflat near Wiroa Island
{37°01'S, 174°49’ E), Manukau Harbour, New Zealand.
The sites were separated by 20 m and were chosen for
their similarity in physical appearance, wave exposure,
and near-surface sediment composition (Table 1). Both
sites were treated similarly, except that one, the
‘experimental’ site, was contaminated with technical
chlordane, whereas the other, the ‘reference’ site, was
not. Each site (12 x 25 m) was divided into 10 equal
sectors (6 X 5 m). Sample locations within each sector
were obtained from randomly derived cartesian coor-
dinates. Coordinates were redrawn if the selected loca-
tion fell within a 0.5 m radius of a previously sampled
area to preclude any localised modification of the sedi-
ment or resident populations. Samples were taken
before the application of technical chlordane and 1, 3,
5,13, 19, 44, 71, 112, 199 tides later. Tides in Manukau

Harbour are semi-diurnal. The experiment was con-
ducted from 3 July to 17 October 1989.

Materials. A paraffin-based solution of technical
grade chlordane was provided by Forest Research
Institute, Rotorua, New Zealand. Crystalline standards
were used to quantify the following components: com-
pound C, heptachlor, «-chlordene, y-chlordene, trans-
chlordane, cis-chlordane, and trans-nonachlor. Where
crystalline standards were not available, the response
factors of closely related compounds with the same
number of chlorine atoms were used: trans-chlordane
for compound K and trans-nonachlor for cis-nonachlor
(Norstrom et al. 1988). These 9 compounds constitute
about 90 % of the mass of chlorinated material in tech-
nical chlordane, the remainder being a mixture of by-
products and starting materials from its manufacture
(Sovocool et al. 1977, Callahan et al. 1979). Descrip-
tions of these compounds are given by Smith et al.
(1990) and Dearth & Hites (1991).

Quantitative addition of chlordane to the experimen-
tal site was carried out as follows: sand collected adja-
cent to the experimental site was dried, loosened with a
mortar and pestle, and then mixed with the technical
chlordane solution in dichloromethane (DCM). The
mixture was evaporated to dryness in a rotary
evaporator and then diluted with more sand before
being applied to the experimental site using a mechan-
ical ‘'seed spreader’. The applied dosage was intended
to be 80 ng cm ™2 of technical chlordane.

Analysis of chlordane residues. Sediment cores
were taken for chemical analysis from the study sites
using a stainless steel corer, at the same time as the
biological sampling. On each sampling occasion, three
10 cm deep cores (2.1 cm diameter) were taken adja-
cent to each biological core. Sediments for chemical
analysis were stored in polyethylene bags at ~20°C
until analysed. Depth profiles of sediment chlordane
residues were determined by sectioning cores (13 cm

Table 1. Near-surface sediment composition (expressed as %

dry weight) at the 2 study sites. Sediment grain size at each

site was determined by the methods described in Folk (1968)

on a composite of 10 evenly spaced samples (ca 5 m apart)

taken to a depth of 3 cm. Reactive organic carbon was deter-
mined according to Gaudette & Flight (1974)

Experimental Reference

site site
% Mud 6.2 52
% Sand 84.2 91.5
% Gravel(predominantlyshell) 9.6 3.3
Median grain size (¢) 1.84 2.16
Inclusive graphic standard 1.45 0.91

deviation

% Reactive organic carbon 0.33 0.35
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diameter) from selected sites at depth intervals of
0-2 cm, 2-5 cm and 5-10 cm.

All solvents used in the analyses of chlordane
residues were redistilled in glass. Each sediment sam-
ple was thawed and then mixed well. An aliquot (ca
150 g) was removed and air-dried at 40°C. The dried
sample was ground and sieved (500 um mesh) to
remove stones and shells, and a subsample (40 g dry
fines) placed in a glass thimble and extracted by Soxh-
let apparatus for 6 h with DCM (210 ml). (Note that
some chlordane was detected in the rejected coarse
material, but was insignificant in comparison to that
obtained from the dry fines.)

Hexane (4 ml) was then added to the extract and
evaporated to ca 1 ml using a rotary evaporator. Florisil
(2 g), activated at 650°C and deactivated with 2%
water, was packed into a glass column (1 cm id.)
topped with 2 cm of sodium sulphate. The extract was
added to the column and eluted with hexane (30 ml).
This was evaporated to 1 ml and then transferred to a
tapered test tube with heptane rinses (2 X 1 ml).
Sulphur was removed using bright copper wire, and
the extract finally evaporated under a gentle stream
of nitrogen to 1 ml, prior to analysis by gas chromato-
graphy and electron capture detection (GC-ECD).

Analysis was carried out using a Hewlett Packard
5890 GC equipped with an HP 7636A automatic injec-
tor and a J&W Scientific DB-1 fused silica capillary
column. Carrier gas (H,) flow rates were set at 40 cm
s™1. A linear temperature program was used for the
determination of retention indexes: initial oven tem-
perature at 70°C, held for 1 min, ramped at 4°C min~*
to a final temperature of 280°C. The injection port was
held at 250°C and the detectors were held at 320°C.
Quantification was by comparison with an internal
standard (lindane) which was added just prior to Soxh-
let extraction. Field sample analyses were expressed as
‘total recoverable chlordane’ (CHL), defined here as
the sum of: cis- and trans-chlordane, cis- and trans-
nonachlor, heptachlor and compounds C and K
(Miyazaki et al. 1985, Smith et al. 1990). Alpha- and
gamma-chlordene were not quantified because of
interfering peaks in their chromatograms. Compound
C and heptachlor were occasionally subject to interfer-
ing chromatogram peaks that occurred when sample
extracts were stored for long periods (> 5 wk) at
—20°C. Missing values (46 out of 180) for those sample
extracts were estimated from the average ratios of
concentrations of heptachlor and compound C to those
of cis- and trans-chlordane for uncontaminated
extracts, from samples collected at the same time. The
7 CHL components constituted about 75 % of the con-
tent of technical chlordane.

Macrofaunal analysis. One sediment core (13 cm
diameter, 12 cm depth) was taken from each sector on

each sampling occasion. Immediately after collection,
core samples were sieved (500 um mesh) and the
residue fixed in 5 % formalin and 0.1 % rose bengal in
seawater. In the laboratory, macrofauna were sorted,
identified to the lowest possible taxonomic level,
counted, and preserved in 70 % isopropanol. Preserved
specimens of the bivalves Chione stutchburyi and Tel-
lina liliana were sized to the nearest 0.1 mm (longest
shell axis) with an ocular micrometer (individuals
< 8 mm) or vernier calipers. Shell lengths < 10 mm
were pooled into 0.5 mm size classes; the remainder
were grouped into 1 mm size classes because of the
paucity of larger specimens.

One day after the application of technical chlordane,
8 drift nets were erected (2 upshore and 2 downshore of
each study site) to assess the presence of fauna in the
water column which are normally found in the benthos.
Each net was ca 0.3 m high x 0.3 m wide X 1 m long
and had a maximum mesh size of 270 um. The nets
were placed 20 cm above the bed and examined after
one full tidal cycle. The exercise was repeated on the
following tide. Specimens were processed as above.
Because some fauna collected in the nets may have
escaped during slack water or before the cod end of the
net collapsed on tide reversal, no attempt was made to
quantify the capture.

Data analysis. The significance of differences
between sites or within a site over time was established
using non-parametric techniques. The Mann-Whitney
U-test was used for the analysis of 2 independent
samples. The Kruskal-Wallis test was applied when
more than 2 samples were compared. Multiple com-
parison tests (Tukey's rank sum) were conducted only
after a significant (p < 0.05) Kruskal-Wallis test statistic
was obtained. Details of the statistical methods used
can be found in Conover (1980, p. 213-237) and SAS
Institute (1987).

RESULTS
Chlordane residues

Sediment cores taken before the start of the experi-
ment confirmed that pre-treatment concentrations of
the 7 CHL components were below detection limits
[< 0.06 ng (g dry fines)™!] at both study sites.

Technical chlordane was applied to the surface of the
experimental site at an aerial load of 80 ng cm™? {equi-
valent to 58 ng CHL cm™?). During the first tidal cycle,
ca 36% of the pesticide disappeared from the site,
leaving 37 = 4 ng CHL ¢cm™? (Fig. 1). The amount of
CHL in the sediment remained at or near this level for
at least a further 43 tides, then declined to ca 20 ng
CHL cm™2 by Tide 71 (Kruskal-Wallis test, p < 0.05).
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No other change in CHL was detected throughout the
remainder of the experiment.

Vertical concentration profiles (Fig. 2) show that
there was initial movement of CHL downwards so that
after the third tide more than 38 % of CHL was found at
depths greater than 2 cm. Thereafter, the amount of
CHL recovered from subsurface sediment (2-10 cm)
remained relatively constant, whereas the mass of CHL
in near-surface sediment (0—2 cm) declined markedly
(ca 60 %) between Tides 44 and 71 (Mann-Whitney U-
test, p < 0.05).

Mean concentrations of CHL in the near-surface
sediment ranged from 2.8 to 8.7 ng (g dry fines)™!
between Tides 3 and 71 (Fig. 2); lower mean concen-
trations were observed at depths of 2-5 cm (1.4 to
1.9 ng (g dry fines)™!] and 5-10 cm [1.0 to 1.6 ng (g dry
fines) 1.

No CHL component was detected in the reference
site sediments throughout the experiment.

Bivalve response

Densities of Chione stutchburyi at the 2 study sites
(Fig. 3) were not significantly different prior to the
application of technical chlordane {Mann-Whitney U-
test, p > 0.38). At both sites, most (78 to 83 %) of the
individuals were less than 5 mm in size (Fig. 4). The
experimental site, however, contained more large
(= 20 mm) individuals than the reference site (5.4 vs 1.8
individuals per core on average, Mann-Whitney U-test,
p < 0.05). Pre-treatment densities of Tellina liliana
were also similar at the 2 sites (Fig. 3) (Mann-Whitney
U-test, p > 0.34). Both assemblages were comprised
principally (66 to 73 %) of small (0.5 to 2.5 mm) indi-
viduals and few large (= 20 mm) specimens were
observed (< 2 per core on average) (Fig. 5).

Five to thirteen tides after the application of technical
chlordane densities of Chione stutchburyi and Tellina
lLiliana at the experimental site began to decline
(Fig. 3). This trend continued for at least a further 31
tides, then reversed as individuals repopulated the site.
Populations of C. stutchburyi and T liliana decreased
to about 30 and 40 % of their initial densities, respec-
tively (Mann-Whitney U-tests, p < 0.05 and 0.02
respectively). No such trend was apparent at the refer-
ence site for either species (Fig. 3).

Visual inspection of the size structure of the 2 popu-
lations (Figs. 4 & 5) indicated that the decrease in
density at the experimental site resulted primarily from
the loss of juveniles 0.5 to 2.5 mm in size. Between
Tides 5 and 44, the numbers of Chione stutchburyi and
Tellina liliana within this size range dropped by 79 and
62 %, respectively (Fig. 3; Mann-Whitney U-test,
p < 0.001 and 0.005, respectively). In contrast, no
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Fig. 1. Variations in the amount of total recoverable chlordane

(CHL) in the sediment at the experimental site over time. CHL

was applied at an aerial load of 58 ng cm™2 (not depicted).
Results are expressed as mean * standard error
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Fig. 2. Variations in the concentration of CHL at different
depths of sediment over time at the experimental site. Results
are expressed as mean * standard error

change was detected in the abundance of individuals
> 2.5 mm in size (Mann-Whitney U-test, p > 0.10 for
both species). Juveniles 0.5 to 2.5 mm in size were also
responsible for the repopulation of the experimental
site (Fig. 3), increasing the mean densities of C.
stutchbury? and T. liliana between Tides 44 and 112
by 3.5 and 4.3 individuals per core, respectively
(Mann-Whitney U-test, p < 0.05 and 0.02, respec-
tively). No change in the density of juveniles of either
species was detected at the reference site between
Tides 0 and 112 (Kruskal-Wallis test, p > 0.95 for both
species).

Numerous post-metamorphic specimens of Chione
stutchburyi (76) and Tellina liliana (163) were caught in
the drift nets placed around the 2 study sites during
Tides 3 and 5. All individuals caught were < 2.5 mm in
size, except for two (both T. liliana) which measured 4
and 6 mm.

Between Tides 112 and 199, bivalve density declined
at both the experimental and reference sites by 49 and
40 %, respectively (Mann-Whitney U-test, p < 0.001
and 0.005, respectively). This decline coincided with a
general decrease in the survivability of new recruits
throughout the harbour (Thrush et al. 1990).
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Fig. 3. Tellina liliana and Chione stutchburyi. Total number
found in 10 sediment cores from each site on each sampling
occasion. Numbers of juveniles 0.5 to 2.5 mm in size are
distinguished to show their temporal change in abundance.
Median number of individuals per core is given at the top of
each bar graph

DISCUSSION

A large initial loss of CHL from the experimental site
was expected because of the way in which the pesti-
cide was applied. Preliminary trials with the CHL-
coated sand grains suggested that the loss could be as
high as 50%, which compared favourably with the

36 % loss observed during the actual experiment.
Attempts to improve retention by spraying technical
chlordane (dissolved in acetone) directly onto the sur-
face sediments proved unsuccessful and had the unde-
sirable effect of causing some surface dwelling gastro-
pods (Amphibola crenata and Diloma subrosrata, in
particular) to cease feeding and retreat into their shells.
No visible change in faunal behavior was observed
during the application of the CHL-coated sand grains.

Chlordane compounds attached to the sand grains
were probably more susceptible to removal from the
target area by processes such as resuspension and
aqueous transport than were sediment residues during
the remainder of the experiment. It is widely accepted
that sediment sorption of uncharged organic chemicals
is dependent on the amount of sediment organic matter
(Karickhoff 1984). Thus some loss of CHL would have
occurred during the first few tides as a result of redis-
tribution from the applied sand, with low organic car-
bon, to more organically enriched silts in the experi-
mental area. Once ‘fixed’, little loss of CHL from the
sediment would be expected other than by erosion or
bioaccumulation (Oloffs et al. 1973). This is analogous
to land applications of pesticides, where runoff losses
occur principally during the first significant rainfall, but
thereafter are minimal because of incorporation in the
soil matrix (Willis & McDowell 1982).

Technical chlordane dispersed rapidly through the
sediments following application. By the end of the third
tide more than 38% of CHL was found at depths
greater than 2 cm (i.e. below the depth of oxic sedi-
ment). Thereafter, the concentration of CHL in subsur-
face sediments (2-5 and 5-10 cm depth intervals)
remained reasonably constant (Fig. 2}, suggesting that
CHL was transported downwards principally during
the initial redistribution phase with the draw of intersti-
tial water as the tidal flats drained.

The only significant loss of CHL from the sediments
after the first tide occurred between Tides 44 and 71
(Fig. 1) when a storm passed through the study area.
Callahan et al. (1979) have stated, based on a review of
largely laboratory studies, that volatilisation and bioac-
cumulation may be important processes affecting the
aquatic fate of chlordane compounds. We suggest that
sediment transport processes, such as erosion and dilu-
tion (by uncontaminated sediment) may also have con-
tributed to the observed change in CHL concentration,
especially during the storm. No metabolite or other
breakdown product of the CHL compounds (e.g. par-
tially dechlorinated derivatives, oxychlordane, hepta-
chlor epoxide) was detected in the sediment through-
out the course of the experiment (Smith et al. unpubl.).

The mean concentration of CHL in the near-surface
sediments of the experimental site between Tides 3
and 44 (when bivalve numbers were most affected)



Mar. Ecol. Prog. Ser 76: 261-271, 1991

266
Reference site
80
t=1
60
]
“| gl
0 4 ) | - M, .
80
1=3
0]
40
= il
] | l.-_ R, .
304
60] t=5
]
0]
20
il
80
@ 60{ t=13
[an
5 N
2 »
2 o |I"I| ... . allan
™ g0
S 1 =19
QO 60
‘_‘ «
S
= = [l
Z .l b oo
© t=44
40
20
38 IIIIIII Ill-l. e mnlan
601 t=71
ol
20
i |||l||| . . .
© t=112
40
20
0
20
© =199
40
20
0= ; 0 15 2 B 0 35
Length (mm)

Experiment site

80
t=1
60
40
20
80
© =3
40
20
0
80
=5
60
40
2
0
80
60 =13
40
20
0
80
=19
60
40
20
0 e, A l-ll.ll-.-._ _J
80
© =44
40
i __I.I.I.I.II.I.I.II—
0 1 mam i
80
0 t=71
40

(

Q

80

© =112

40

wM

g

80

60 1=199 T

40

201

OJ.-.mul.L A P
1 5 10 15 20 25 30

Length (mm)

Fig. 4. Chione stutchburyi. Variations in the population structure at the experimental and reference sites over time. Numbers of
individuals are those found in 10 sediment cores from each site on each sampling occasion. t: number of tidal cycles after the
application of technical chlordane




Pridmore et al.

Reference site

Effect of technical chlordane on infauna

100
%0 t=1
60
40
20
u Illl-l- - n
100
%0 t=3
60
. I
b
0 “I.l . — S,
100
201 =5
60
40
20
0 I"ll--- ——m, n
100
80 t=13
(7]
T: 0
5
=
S 0 1IN ' -
£
w80 t=19
@]
o &
jg 40
E 2
=3 0 | | P J— A
Z 0
80 t=44
60}
] ‘
20]
0 |I|.| .
100
80 =71
0]
» ‘
20
¥ Ill T P . -
% t=112
60
40
=il
10% ll B e, alm
80 =199
60
- |
20
5 | ... .
1 s 10 15 20 25 30 35 40
Length (mm)

Experiment site

267

t=1

t=3

||||.l-|.- — n

t=5

=13

=19

t=44

| [ FA—

t=71

t=112

=199

1 s 10 15

Length (mm)

20

25

35

Fig. 5. Tellina liliana. Variations in the population structure at the experimental and reference sites over time. Numbers of
individuals are those found in 10 sediment cores from each site on each sampling occasion. t: number of tidal cycles after the
application of technical chlordane



268 Mar Ecol. Prog. Ser. 76: 261-271, 1991

ranged from 6.7 to 8.7 ng (g dry fines)™!. This level of
contamination is similar to that observed in areas of
Manukau Harbour (Fox et al. 1988), San Francisco Bay
(Phillips & Spies 1988) and Tokyo Bay (Environment
Agency Japan 1983). Concentrations 1 to 2 orders of
magnitude higher have been measured in rivers and
streams draining into coastal embayments (Phillips &
Spies 1988, Hirai & Tomokuni 1989, Hume et al. 1989).

Both bivalve species showed a similar marked
response to the test dosage. Each species declined in
numbers by 30 to 40 % between Tides 5 and 44 (Fig. 3),
primarily as a result of juveniles 0.5 to 2.5 mm in size
either emigrating from or dying in the experimental
site. Juveniles within this size range gradually repopu-
lated the site between Tides 44 and 112, when a mean
CHL of 3 ng (g dry fines)™! was measured in the near
surface sediments (Fig. 2).

Larval and juvenile organisms are often found to be
more susceptible to chemical contaminants than are
adult organisms (Rand & Petrocelli 1985). This may be
due to their greater body surface area (for absorption of
contaminants) per unit body mass, their relatively
higher metabolic rates, or differences in degree of
development of detoxification or excretion mechanisms
{(Nimmo 1985). Although relatively few studies have
compared the effects of pesticides on juvenile and adult
bivalves, numerous examples of increased larval and
juvenile sensitivity to organic contaminants are avail-
able in the marine literature. For example, Krebs &
Burns (1977) found juvenile salt-marsh crabs Uca pug-
nax to be sensitive to oil at concentrations 5 to 10 times
lower than those affecting adults. Similar responses to
oil have been obtained for a variety of amphipods
(Linden 1976, Elmgren et al. 1983, Bonsdorff et al.
1990) and the gastropod Littorina littorea (Staveland
1979). Caldwell (1977) found that, for 9 pesticides, the
zoeal stages of the Dungeness crab Cancer magister
were 5 to 10 times more sensitive (mortality) than
juvenile crabs and 10 to 100 times more sensitive than
adult crabs. Numbers of juvenile clams Tresus capax
and Macoma nasuta were significantly reduced when
the insecticide carbaryl was experimentally applied to
an intertidal mudflat (Armstrong & Millemann 1974).
Carbaryl has also been found to reduce the growth and
survival of juveniles of the cockle clam Clinocardium
nuttalli (Butler et al. 1968).

Whether the number of juveniles in the experimental
site declined as a result of CHL-induced mortality,
changes in behaviour, or both is not known. Exposure
to pollutants, even in exceedingly low concentrations,
can elicit behavioural responses which shift competi-
tive balances, alter reproductive success, or weaken a
prey's ability to escape predation (see reviews by Olla
et al. 1980 and Sheehan 1984). Avoidance behaviour,
in particular, could have contributed significantly to the

observed loss. In this study, only individuals = 2.5 mm
in size declined in numbers; they were also the only
size class (with the exception of 2 individuals) to be
caught in drift nets placed around the 2 study sites.
These small, highly mobile juveniles may have been
able to discriminate between CHL-contaminated and
uncontaminated sediments and actively avoided colo-
nisation of, or escaped from, the impacted site. This
hypothesis is supported principally by the observed
repopulation of the impacted site after Tide 44 (Fig. 3),
when the concentration of CHL in the near-surface
sediment dropped by ca 50 % (Fig. 1); no increase in
juvenile abundance was detected at the reference site
over the same time period.

Avoidance behaviour has been observed in a number
of marine invertebrate taxa (Davenport 1977, Krebs &
Burns 1977, Saliba & Vella 1977, Bonsdorff 1983, 1984),
including the tellinid bivalve, Macoma balthica
(McGreer 1979). The potential movement of post-
settlement bivalves away from contaminated sedi-
ments could provide a useful technique for impact
assessment. Many marine species have open popula-
tions which can be maintained by recruitment of larvae
from adults living elsewhere (Underwood & Fair-
weather 1989). The movement of juveniles away from
impacted sites could prevent the persistence of popula-
tions, even where larvae do not show site selectivity.

The observed repopulation of the impacted site by
post-settlement juveniles also demonstrates the impor-
tance of infaunal mobility in the colonisation of dis-
turbed soft-bottom habitats. Juveniles of Tellina liliana
and Chione stutchburyi have been observed to rapidly
repopulate ray feeding pits (Thrush et al. 1991) and to
colonise, although at a much slower rate, defaunated
sediments (Thrush et al. unpubl). Many species of
bivalves are thought to undergo a second phase of
pelagic dispersal after a more or less prolonged period
of benthic existence (Sigurdsson et al. 1976, Lane et al.
1985, Yankson 1986, Sorlin 1988, Beukema & de Vlas
1989). In this study, numerous post-metamorphic speci-
mens of T. liliana and C. stutchburyi were caught in
drift nets placed around the experimental and refer-
ence sites suggesting that these species can be added
to the list. Other species of tellinid and venerid bivalves
which are known to exhibit postlarval mobility include
Abra alba, Donax vittatus, Gari fervensis, Macoma
balthica, Tellina tenuis and Venerupis pullastra
(Sigurdsson et al. 1976, Beukema & de Vlas 1989).

Because juveniles of both Chione stutchburyi and
Tellina liliana live and feed near the sediment surface,
differences in their primary mode of feeding probably
had little influence on the observed outcome. The
siphon of C. stutchburyiis short and conical and would
not allow juveniles 0.5 to 2.5 mm in size to filter outside
of the contaminated sediment-water interface. In addi-
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tion, juveniles of T. liliana do not appear to be strict
deposit feeders. Juveniles maintained in well-aerated
laboratory aquaria often had their siphons extended
into the water column, where they remained straight
and relatively still for periods of 1 h or more. 'Olafsson
(1986) has demonstrated that the tellinid bivalve
Macoma balthica is capable of switching between
deposit and suspension feeding modes and that this
switching is associated with changes in water flow.
Similar observations have been made by Bubnova
(1972), who concluded that M. balthica commences
suspension feeding in response to the increased
amount of suspended matter present at high flow rates.

Although CHL had no detectable effect on adult
numbers of either species, large Tellina liliana (20 to
40 mm) accumulated 4 times more CHL than similar
sized specimens of Chione stutchburyi [i.e. 14 500 vs
3600 ng CHL (g fat wt) !, respectively; authors’ unpubl.
data]. This difference may be attributable to their differ-
ent modes of feeding, but may also be related to a
differential ability to metabolise CHL. Leard et al. (1980)
noted, for example, that species of fingernail clams have
varying abilities to eliminate organochlorine pesticides.
Boon et al. (1985) have suggested that varying phy-
siological cycles may be responsible, at least in part, for
the diversity in body burdens amongst polychaete
worms exposed to organochlorine residues.

In conclusion, our results indicate that technical
chlordane can reduce juvenile bivalve abundance in
intertidal sediments at a relatively low level of expo-
sure. However, because only one experimental and one
reference site were studied, there is the possibility that
the observed response was purely a location effect (e.g.
Underwood 1989). Further experiments using repli-
cated treatments could be conducted to corroborate
these findings. However, in view of the large size of our
study sites (300 m?), their close proximity, their initial
similarity in both physical attributes and community
structure, and the nature of the bivalve response, we
feel that such an effect is unlikely and suggest that
effort would be better spent examining the behavioural
responses of the 2 species to CHL contamination.
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