
Vol. 132: 83-92, 1996 
MARINE ECOLOGY PROGRESS SERIES 

Mar  Ecol Prog Ser  1 Published February 29 

Adultljuvenile interactions of infaunal bivalve~: 
contrasting outcomes in different habitats 
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ABSTRACT: Field experiments were used to assess the influence of density vanatlons of adult bivalves 
on recruitment of juveniles. The generality of these results was tested by running the experiment con- 
currently at 2 sltes of different sediment grain size and wave exposure. Adults of 2 bivalve species, the 
deposit-feedlng tellinid Macomona lillana and the suspension-feeding venerid Austrorienus stutch- 
burj~i, were used in the experiment. The experiment consisted of 14 treatments of vanous combinations 
of densities of live adults or the empty articulated shells of the 2 species. Three species of juvenile 
bivalve (M. liliana, A. stutchburyi and Nucula hartvigiana) were sampled from the experiment on 3 
occasions over a 9 wk period. Treatment effects were consistent over lime, but reflected only small 
changes In the mean density of juvenile bivalves. The presence of empty articulated shells of adult M. 
liliana or A stutchburyi, positioned at  localities within the sediment which reflected normal living con- 
ditions, had no detectable influence on the density of juvenile bivalves. Treatments ~nvolving adult A 
stutchburyi ~nfluenced only the density of juvenile conspecifics at  the muddy-sand site. Treatments 
involving adult M. liliana produced significant effects on the density of both M. l~liana and N. hartvl- 
giana juveniles a t  both sites. However, these effects occurred in opposite directions a t  the 2 sites. At the 
muddy-sand site, highest juvenile densities were associated with high adult densities, but, at  the sandy 
site, they were associated with the absence of adult M. liliana. The identification of subtle density 
changes a t  the sandy site was unexpected because sediment transport is frequent at this site and asso- 
ciated passive movement of juveniles has the potential to mask local biotic interactions. The change 
found in the direction of interactions between adult and juvenile bivalves between sltes has irnplica- 
tions for the generality of such interactions: in particular it highlights the influence that habitat may 
have on ecolog~cal interactions. 
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INTRODUCTION 

The potential importance of interactions between 
established adults and settling larvae to population 
and community dynamics has long been recognised in 
marine soft-bottom communities (Thorson 1950, Milei- 
kovsky 1969). A variety of interactions between estab- 
lished adults and juveniles can be demonstrated, 
including: ingestion of recruits (e.g. Woodin 1974, 
Ambrose 1984), interference by bioturbation (e.g.  
Brenchley 1981, Elmgren et al. 1986), modification of 
local flow patterns by physical structures (e.g. Eckman 
1985) or feeding currents (e.g Ertman & Jumars 1988, 
Andre et al. 1993), provision of refugia from predation 

(e.g Luckenbach 1987, Peterson & Black 1993), and 
the release of detectable chemical cues (e.g. Butman et 
al. 1988, Woodin 1991). In order to identify generalities 
in adult/]uvenile interactions, many studies have char- 
acterised animals according to modes of feeding, 
mobility or bioturbation. In a recent review of ex- 
perimental studies, 'Olafsson et al. (1994) noted that 
density-dependent inhibition of recruitment by adult 
deposit feeders has been frequently documented, 
while the effects on recruits of adult suspension feed- 
ers have been found to be less consistent. However, 
many studies have noted problems with generalities 
based on functional aggregations due to the specifics 
of animal biology (Weinberg 1984, Hines e t  al. 1989, 
'Olafsson 1989, Posey 1990). 

Habitat differences may also have an important in- 
fluence on the outcome of adult/juvenile interactions 
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mobility of post-larval stages. Many infaunal species 
exhibit secondary dispersal and settlement behaviour 
(Baggerman 1953, Muus 1973, Beukema 1973, Sig- 
urdsson et al. 1976, Martel & Chia 1991, Armonies & 
Hellwig-Armonies 1992, Curnrnings et al. 1993). Par- 
ticularly on beaches and sandflats where wind-waves 
and tidal currents may disturb sediments, small sur- 
face-dwelling infauna are likely to be transported (e.g. 
Tamaki 1987, Emerson & Grant 1991, Thrush et al. 
1991, Commito et al. 1995, Cummings et al. 1995). In 
fact, for near-surface-dwelling juvenile bivalves, 
movement with sediment bedload or as resuspended 
particles appears inevitable when hydrodynamic 
forces are sufficient to create moving sediment ripples 
(Roegnar et al. 1995). Such potentially high rates of 
post-settlement movement could conceivably mask 
local biotic interactions. 

This study builds on previous work by assessing the 
importance of small-scale adult/juvenile interactions 
amongst infaunal bivalves at  2 sites that differ in wind- 
wave exposure and sediment characteristics. At each 
site we tested the influence of density variation in adult 
bivalves of 2 common but functionally different species 
(i.e. the tellinid Macomona ljliana and the venerid 
Austrovenus stutchburyi) on the recruitment of juve- 
nile bivalves. If the transport of juvenile bivalves is a 
major factor differentiating between locations, we 
expected to be able to detect local biotic interactions 
only in the low energy environment. 

(Peterson 1982, 'Olafsson 1989, Ahn et al. 1993). Dif- Table 1 Characteristics of sediments from the sandy and 
ferences in habitat, particularly changes in sediment muddy-sand sites. Data presented are mean t SD (n = 6) 

type, usually reflect changes in a variety of factors (see for sediment samples of 0 to 10 cm depth. Methods follow 
Folk (1 968) 

Snelyrove & Butman 1994 for recent review). For 

METHODS 

example, there is generally a close relationship be- 
tween sediment grain size and hydrodynamic forces, 
with coarser sediments prevalent in the more dynamic 
environment. Hydrodynamic processes in turn influ- 
ence larval supply which provides a framework for 
subsequent interactions amongst the benthos (Butman 
1987, Woodin 1991, 'Olafsson et al. 1994). 

Hydrodynamics may also influence the density and 

Study sites. The study was conducted on the exten- 
sive intertidal flats near Wiroa Island in Manukau Har- 
bour (37" 02'S, 174"41'E), New Zealand. The 2 exper- 
imental sites spanned the range of sediment grain size 
in which Macomona liliana and Austrovenus stutch- 
buryi CO-occur. Sediment grain size characteristics for 
each site are given in Table 1. The sandy site was com- 
posed predominantly of well compacted fine sand with 
3% of the sediment in the silt/clay fraction. The 
muddy-sand site was composed of a surface (0 to 5 cm) 

Sandy Muddy-sand 

~ ~ d i ~ ~  grain (Q) 2.61 * 0.09 3.35 k 0.16 
Sorting 0.43 * 0.12 1.97 i 0.18 
Skewness 0.12 * 0.13 0.65 k 0.24 

1.33 * 0.29 0.64 k 0.24 
Percent sand 96.99 * 0.82 76.36 2 2.52 
Percent mud 3.02 * 0.82 23.64 * 2.56 

layer of uncompacted muddy sediments over a layer of 
sand, shell hash and clay. The top 10 cm of sediment 
from this site exhibited a median grain size of very fine 
sand with about 23% of the sediment in the silt/clay 
fraction. The sandy site was exposed to the prevailing 
southwesterly winds with a fetch of 15 km (at high 
tide), while the muddy-sand site was sheltered by 
Wiroa Island and exposed only to the north and east 
with a fetch of < l  km (at high tide). The 2 sites were sit- 
uated about 1 km apart. Each site was situated at about 
mid-tide level, but the muddy-sand site was sub- 
merged about 30 min longer per tide than the sandy 
site. Manukau Harbour has semi-diurnal tides with 
mean neap and spring tidal ranges of 2.0 and 3.4 m 
respectively. 

Species. Macomona liliana and Austrovenus stutch- 
buryi are the 2 most common bivalves living in the 
sandflats of Manukau Harbour (Pndmore et al. 1990). 
Adult M. liliana live about 3 to 7 cm below the sedi- 
ment surface and are generally siphonal surface- 
deposit feeders (although under some conditions they 
may also suspension feed). A,  stutchburyi, however, 
live with the anterior portion of the shell protruding 
just above the sediment surface and suspension feed 
through a short inhalant siphon. 

In early January 1991, 254 cores (78.5 cm2 X 10 cm 
depth) were collected in the vicinity of each of the 
experimental sites. In this preliminary survey, adult 
Macomona liliana (20 to 30 mm long) were found at 
mean densities (&D) of 1.67 (k1.08) per core at the 
sandy site and 0.75 (k0.58) at the muddy-sand site. 
Mean densities (&D) of adult A. stutchburyi (20 to 
30 mm long) were 2.37 (k1.64) and 3.87 (+2.33) at the 
sandy and the muddy-sand sites, respectively. From 
this preliminary survey, we determined the 3 densities 
of adult Macornona (0, 5 and 20 ind. per 415 cm2) and 
adult Austrovenus (0, 12 and 48 ind. per 415 cm2) to be 
used in the experiment. The middle density used for 
each species fell within 1 SD of the mean found for 
both sites. The higher density represented that 
encountered in high-density patches on the flats, and 
was therefore calculated from whichever site had the 
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highest density. These high densities fell within the that the anterior margin of the shell protruded about 1 
90th percentile of the preliminary samples at  the sandy mm above the sediment surface. Empty M. liliana 
site for M. liliana and the muddy-sand site for A. shells were positioned about 7 cm below the sediment 
stutchburyi. High densities of empty M. liliana and A. surface. 
stutchburyi shells (20 and 48 whole shells per 415 cm2, One day after the initiation of the experiment, both 
respectively) were used to enable us to discriminate Macomona feeding tracks and Austrovenus were 
between the active effects of live bivalves and the observed in the plots to which they had been added. 
physical effects of their shells. We were particularly No dead bivalves were observed on the surface of any 
interested in the potential of empty articulated A. plot. Within 3 d ,  sediments in the experimental plots 
stutchbui-yi shells to influence boundary flow and sed- could not be visually distinguished from the surround- 
iment stability or to provide a refuge from predators. ing sediments. Numbers of M. liliana feeding tracks 
Similar comparisons have been made in other experi- and A. stutchburyi observed in each replicate plot over 
ments to separate the physical effects of bivalve shells the course of the experiment were consistent with 
from any biological activity (Peterson & Andre 1980, treatment used. The absence of ray feeding pits, and 
Black & Peterson 1988, Peterson & Black 1993). hammered shells (indicative of shorebird predation), at  

Experimental design. The experiment was set up  the experimental sites indicates that predation on large 
over 4 d in late January and early February 1991. This bivalves was not important during the experiment. 
time of year is usually associated with high levels of Samples were collected from each replicate plot a t  
recruitment for both Macomona liliana and Austro- each site 3, 6 and 9 wk after the initiation of the exper- 
Venus stutchburyj (authors' unpubl. data). At each site, iment. On each sampling occasion, 1 core (1.8 cm2 X 

the experiment consisted of 14 treatments of various 2 cm depth) was collected from each plot. To prevent 
combinations of densities of live adults or empty artic- the core holes from influencing local hydrodynamics, 
ulated shells (Table 2), with 6 replicates per treatment, they were filled with sediment that had been previ- 
We did not include all possible combinations of empty ously collected from the vicinity of each site and which 
M. liliana shells in the experiment because they were had been sieved (500 pm mesh) and defaunated by 
not considered likely to contribute to the interpretation freezing. After collection, core samples were fixed in a 
of the experiment. Under normal living conditions M. solution of 5% buffered formalin and 0 1 %, Rose Ben- 
liliana shells are buried about 7 cm below the sediment gal in seawater. Samples were then sieved on a 180 pm 
surface. At each site, treatment replicates were ar- screen to extract juvenile bivalves, which were then 
ranged in a randomized complete block design; the sorted, identified and counted. Juvenile bivalves were 
blocks were separated by 6 m and  within blocks each defined as  individuals 200 to 500 pm in length. Both 
treatment was separated by 1 m. Each replicate plot Macomona liliana and Austrovenus stutchburyi ini- 
consisted of 415 cm' of natural bottom sediments sur- tially settle out of the water column a t  about 200 pm in 
rounded by a plastic tube (23 cm diameter). The plastic length, and grow to 500 pm long within about 3 mo (M. 
tube was buried in the sediment with its top about 1 cm Taylor pers. comm.). Juveniles of only 3 bivalve species 
below the sediment surface and its bottom about 21 cm (i.e. M. liliana, A. stutchburyi and Nucula hartvigiana) 
deep in the sediment. Sediment from within the tube were found in sufficient numbers to warrant statistical 
was extracted and dry sieved on a 4 mm mesh to analysis. 
remove large M. liliana and A. stutchburyi, empty Statistical analyses. The data were not analysed as a 
shells and large shell fragments. The sediment was continuous function of changing density because the 
then returned to the plot. At the muddy-sand site, care effect of 'shell only' treatments on juvenile bivalve 
was taken to re-establish the layers of 
clay, sandlshell hash and surface muddy Table 2. Matrix of experimental treatments used at each site as defined by 
sand. Live adult M. Jiliana and A. stutch- the number of adult bivalves (or empty shells) added to each 415 cm2 plot. 
buryj and articulated empty shells, all in M: Macomona liliana; A: Austrovenus stutcliburyi; : treatment not used; 

subscript s represents the addition of empty articulated shells of the appro- 
the 20 30 mm size were priate species. All additions (i.e. live bivalves and empty articulated shells) 
from sediments in the vicinity of the were 20 to 30 mm in length 
experimental sites. The live bivalves were 

. . 
A. stutchburyi shells were positioned so 

placed in an  approximately regular array 
on the surface sediments of the experi- 
mental d o t s  and allowed to burrow into 
the sediments. All empty shells were also 
arranged in an approximately regular 
array in their natural orientation. Empty 

Macomona Austrovenus stutchburyi 
liliana 0  12 48 48 empty shells 

0  OM OA OM12A OM48A OM48As 
5 5 M O A  5 M 1 2 A  5 M 4 8 A  5 M 4 8 A s  
2  0  20M OA 20M 12A 20M 48A 20M 48A, 
20 emDtv shells - 20M. 12A 20MC48A - 
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Table 4. lcrlacomona liliana, Austrovenus stutchburyi, Nucula 
hartvigiana. Results of repeated-measures ANOVA con- 
ducted on juvenile bivalve densities from both sites. The 
ANOVA table for each species is presented in 2 parts, the 
upper part in which time does not contribute to any effect and 
the lower part in which time contributes to every effect 
(Green 1993). As the assumption of a type H covariance struc- 
ture is rejected for the analyses of M. ljliana and N. hartvi- 
giana juveniles (p = 0.045. p = 0.01 respectively), the proba- 
bility levels for Fgiven for these 2 species have been adjusted 
by the Huynh-Feldt (1976) method. df: degrees of freedom. 

M: Macomona factor. A :  Austrovenus factor 

RESULTS 

Mean densities of juvenile Macomona liliana, Aus- 
trovenus stutchburyi and Nucula hartvigiana recorded 
in each treatment on each occasion at each site are 
presented in Table 3. Averaged over all treatments, 
juvenile A. stutchburyi exhibited the lowest variation 
in density across the 2 habitats. Interpretation of 
Table 3 is difficult due to the complexity of the experi- 
ment. 

As the repeated-measures ANOVA identified at 
least 1 significant site X treatment interaction for each 
species of juvenile bivalve (Table 4 ) ,  the only results 
discussed from this table are those involving the block 
and time factors. The effect of block (nested within 
site) was significant for Macomona liliana and Austro- 
Venus stutchburyi juveniles, suggesting the spatial dis- 
tributions of juveniles were influenced by larger-scale 
(10s of m) processes. Significant time terms for each 
species of juvenile bivalve demonstrated that the den- 
sity changed over the experimental period, although 
not necessarily in the same way at each site (significant 
time X site effects for M. liliana). However, the lack of 
significant time X treatment interactions suggests that 
even when densities of juveniles changed significantly 
their response to the treatments was consistent. 

The significant interaction terms involving site found 
for each species of juvenile bivalve led us to analyse 
the responses of the 3 juvenile bivalve species to the 
treatments at each site separately. These analyses 
were performed on data averaged over time for each 
treatment replicate, as the lack of significant time X 

treatment interactions in the repeated-measures 
ANOVA indicated it was possible to do this without 
loss of information. 

At the sandy site, the density of juvenile Macomona 
liliana was significantly influenced by the manip- 
ulation of adult conspecifics or their empty shells 
(Table 5).  The multiple comparison tests revealed a 
significant contrast between treatments with 20 adult 
M. liliana added and those with no adult M. liliana 
(Fig. 1). The highest density of juvenile M. liliana was 

Source df MS Error F p F 
MS 

Macomona liliana 
Site 
Block (Site) 
M 
A 
M x A  
Site X M 
Site X A 
Site X M x  A 
Error 

Time 2 
Time X Site 2 
Time X Block (Site) 20 
Time X M 6 
Time X A 6 
Time X A4 X A 14 
Time X Site X M 6 
Time X Site X A 6 
Time X Site X M x  A 14 
Error (Time) 256 

Austrovenus stutchburyi 
Site 1 142.628 
Block (Site) 10 16.477 
M 3 6.009 
A 3 2.315 
M x A  7 3.259 
Site X M 3 1.547 
Site X A 3 16.880 
S i t e x M x A  7 3.329 
Error 128 3.888 

T m e  2 
Time X Site 2 
Time X Block (Site) 20 
Time X M 6 
Time X A 6 
Time X M x  A 14 
Time X Site X M 6 
Time X Site X A 6 
T i m e x S i t e x M x A  14 
Error (Time) 256 

Nucula hartvigiana 
Site 1 1585.901 
Block (Site) 10 5.314 
M 3 3.616 
A 3 2.560 
M x A  7 10.787 
Site X M 3 19.064 
Site X A 3 5.440 
Site X M X A 7 3.732 
Error 128 4.451 

Tirn e 2 12.083 
Tlme X Slte 2 1.500 
Tune X Block (Site) 20 4.471 
Time X M 6 5.643 
Time X A 6 5.001 
T i m e x M x A  14 4.322 
Time X Site X M 6 2.035 
Time X Site X A 6 1.073 
Time X Site X M x A  14 4.328 
Error (Time) 256 3.661 
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Table 5. Macornona liliana, Austrovenus stutchburyi, Nucula hartvigiana. Site-spec~fic ANOVAs of juvenile bivalve densit~es 
averaged over time. df: degrees of freedom. M Macomona factor. A: Austrovenus factor 

Source Sandy site Muddy-sand site 
df MS Error F p > F  d f MS Error F p > F  

MS MS 

Macomona liliana 
Block 5 4.050 0.283 14.30 0.0001 5 2.895 0 780 3.71 0.0052 
M 3 0.952 0.283 3.36 0.0239 3 2.652 0.780 3.40 0.0229 
A 3 0.121 0.283 0.43 0.7328 3 1.277 0.780 1.64 0.1894 
M x A  7 0.572 0.283 2.02 0.0657 7 0.719 0.780 0.92 0.4952 
Error 65 0.283 64 0.780 

Austrovenus stutchburyi 
Block 5 1.357 0.431 3.15 0.0132 5 1.712 0.133 12.85 0.0001 
M 3 0.806 0.431 1.87 0.1435 3 0.217 0.133 1.63 0.1912 
A 3 0 647 0.431 1.50 0 2222 3 0.448 0.133 3.36 0.0239 
M x A  7 0.471 0.431 1.09 0 3788 7 0.021 0.133 0.16 0.9921 
Error 65 0.431 64 0.133 

Nucuia hartvigiana 
Block 5 1 175 0.170 6.92 0.0001 5 0.055 0.190 0.29 0.9150 
M 3 0 702 0.170 4.14 00096 3 0.730 0.190 3.84 0.0136 
A 3 0.178 0.170 1.05 0 3373 3 0.113 0.190 0.59 0.6210 
M x A  7 0.246 0.170 1.45 0.2003 7 0.403 0.190 2.12 0.0561 
Error 65 0.170 64 0.190 1 

found in treatments without adult M. l~liana. Signifi- M, liliana (Fig. 1). Block effects were apparent for each 
cant differences in the density of juvenile Austrovenus of the 3 species of juvenile bivalves (Table 5). 
stutchburyi as a result of the experimental treatments At the muddy-sand site, the density of Macomona lil- 
at the sandy site were not detected. The density of iana juveniles was also significantly influenced by 
juvenile Nucula harfvigiana again varied significantly variations in the density of adult conspecifics or their 
with the level of the M. liliana factor, exhibiting a empty shells (Table 5). However, effects opposi.te to 
response to treatment levels similar to that of juvenile those found in the sandy site were apparent, with low- 

SANDY SlTE 

Juvenile Macomona Juven~le Austrovenus Juvenile Nucula 

- 
0 5 2 0 s  0 5 2 0 s  0 5 2 0 s  

?? 
8 Macomona Factor 
L 

W 
a 

Z 0 12 4 8 s  0 12 48 S 0 12 48 S 

Austrovenus Factor 

MUDDY-SAND SlTE 

Juvenile Macornona Juvenjle Austrovenus Juvenile Nucula 

0 5 2 0 s  0 5 2 0 s  0 5 2 0 s  

Macomona Factor 

0 12 48 S 0 12 48 S 0 12 4 8 s  

Austrovenus Factor 

Fig. 1. Macomona liliana. Austrovenus stutchburyi, .?Vuc.ula hartrYqiand. Density of bivalve juveniles (X + SE] found at each level 
of each fixed factor at each site, based on rncan data from the 3 sampling occasions. Abbreviations for different treatments are 
presented in Tablc 3. The results of the SNK multiple comparison tests are presented for juveniles which recorded significant 
treatment effects following site-specific ANOVAs (Table 51. Levels of factors are ranked in decreasing order of abundance from 

left to right with lines joining levels which cannot be considered significantly a i e r e n t  
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est juvenile M. liliana densities associated with treat- 
ments with either no adult M. liliana or empty articu- 
lated M. liliana shells (Fig. 1). Juvenile Austrovenus 
stutchburyi were also significantly influenced by the 
manipulation of adult conspecifics or their empty shells 
(Table 5).  However, multiple comparison tests did not 
indicate a monotonic response by these juveniles to 
increasing adult density (Fig. 1). Juvenile Nucula 
hartvigiana responded significantly to the treatments 
involving M. liliana and exhibited a pattern of density 
variation similar to that shown by juvenile M. liliana, in 
all but the empty shell addition treatments. Block 
effects were apparent for M. liliana and A. stutchburyi 
juveniles (Table 5).  

The significant differences discussed above repre- 
sent small changes in mean density of about 1 to 3 ind. 
core-' (1.8 cm2 X 2 cm depth). When these differences 
are represented as a proportion of the treatment mean, 
the smallest significant difference detected was due to 
the influence of adult Austrovenus stutchburyi on con- 
specific juveniles at the muddy-sand site (i.e. 50%).  
The influence of adult Macornona liliana on M. liliana 
and Nucula hartvigiana juveniles resulted in propor- 
tional density changes of 81 % and 54 % respectively at 
the sandy site and of 81 % and 98 % respectively at  the 
muddy-sand site. Table 6 shows the difference in the 
number of individuals per core we would have been 
able to detect, with a power of 80 %, for non-significant 
treatment effects. With the exception of the response of 
juvenile M. liliana to A. stutchburyi treatments at the 
sandy site, we had sufficient power to detect a change 
in mean density of $2 individuals. In all cases < loo% 
change in mean density could have been detected. 

DISCUSSION 

The significant differences found in our experiment 
involved changes in mean density of between 27 and 
217 % (Fig. 1). However, these changes reflected small 
changes in the mean density of juveniles, of 1 to 3 ind. 
core-' (1.8 cm2 X 2 cm).  Where we could not identify a 
significant response, in most cases w e  had sufficient 
power (80%) to identify changes of a similar magni- 
tude to those responses that were significant (i.e. 
mostly $2 ind. core-'). As significant responses mostly 
resulted from a contrast between the high and zero 
densities of the adult bivalves, our experiment demon- 
strated only a modest influence of adults on juveniles. 
It is perhaps surprising that we can identify any treat- 
ment effects at  all given these small differences in 
mean density between treatments and the potentially 
high rates of movement by juveniles, particularly at the 
sandy site associated with wind-wave sediment distur- 
bance (Emerson & Grant 1991, Commito et al. 1995, 
Cummings et al. 1995, Dolphin et al. 1995, Roegnar et 
al. 1995). 

Our experimental manipulation of densities of adult 
Macornona liliana or their empty articulated shells 
resulted in a greater number of significant effects on 
the density of juvenile bivalves than did the manipula- 
tion of densities of adult Austrovenus stutchburyi or 
their empty articulated shells. The only significant 
response to the A.  stutchburyi density manipulation in 
this study was a significant contrast between treat- 
ments with no adult A.  stutchburyi and those with 12 
adult A. stutchburyi at the muddy-sand site. It is diffi- 
cult to interpret the ecological significance of this 

Table 6 Analysis of the power of the site-specific ANOVAs to detect sign~ficant differences for those factors for whlch a s~gnifi-  
cant response was not detected (see Table 5) Calculations are based on 3 degrees of freedom for the F-ratio numerator ( U ) ,  sam- 
ple slze (n )  of 15 and a = 0 05 follo\v~ng Cohen (1988) The difference In treatment means that could be  detected, with a power 

of 80 %, 1s glven in absolute numbers (6) and as a prop01 tion of the mean (p6) 

Slte Addition of Macornona l l l~ana  treatments Addi t~on of Austrovenus stutchburyi treatments 
A stutchburyi M.  l i l~ana  N. har tv~glana  A s tu tchbury~ M. lihana N. hartvigiana 

luveniles luveniles luveniles juven~les  juveniles juveniles 

Sandy Power 80 - - 80 80 80 
Effect slze 0.46 - - 0 46 0.46 0.46 
Range 1.072 - - 1 072 1.072 1.072 
Common SD 1.57 - - 1 57 4.72 1.85 
6 1.7 - - 1.7  5.1 2.0 

p6 0.67 - - 0 67 0.81 0.54 

Muddy-sand Power 80 - - - 80 80 
Effect size 0 46 - - - 0.46 0.46 
Range 1.072 - - - 1.072 1 072 
Common SD 1.67 - - - 0.82 0 47 
6 1.8 - - - 0.9 0.5 

p6 0.50 - - - 0.81 0 98 
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result. Thus our findings support the conclusion drawn 
from the literature by 'Olafsson et al. (1994) that 
adult/juvenile responses are less consistent amongst 
suspension-feeding than deposit-feeding infauna. Our 
experiment also did not reveal a major role In 
adult/juvenile interactions for empty articulated shells 
of either species. Thus it would appear that boundary 
flow modification by A. stutchburyi, from either the 
physical influence of the shells or the active effects of 
suspension feeding (Ertman & Jumars 1988, Monl- 
smith et  al. 1990, Andre et  al. 1993, O'Riordan et al. 
1993), did not generate significant adult/juvenile inter- 
actions. 

Naturally, the density of Macon~ona liliana is spa- 
tially variable (Thrush et al. 1989) and the high density 
used in the experiment was chosen to reflect densities 
encountered in high density patches on the flats. The 
negative effect of high densities of adult M. liliana on 
juveniles at the sandy site supports the negatlve 
adult/juvenile interactions inferred in Thrush et al. 
(1994) to account for the low juvenile M. liliana densi- 
t ~ e s  found in shorebird exclusion experimental plots 
w ~ t h  high densities of adult M. liliana. The density- 
dependent inhibition of recruitment by the infaunal 
deposit-feeding M. liliana at the present site provides 
another species-specific case which corroborates the 
conclusions of 'Olafsson et al. (1994). 

The most intriguing result of our study tvas the site- 
dependent response of both Macomona liliana and 
Nucula hartvigiana juveniles to density variations of 
adult M, liliana. Highest juvenile densities were asso- 
ciated with experimental treatments containing 20 
adult M. liliana at the muddy-sand site (Fig. 1). How- 
ever, at the sandy site, highest juvenile densities were 
found in treatments with no adult M. liliana. This sug- 
gests that hab~tat  characteristics and/or juvenile densi- 
ties influenced the outcome of the adult/juvenile inter- 
actions. With only 1 experimental site in each habitat, 
tve can not attribute these differences specifically to 
the habitat rather than to chance. However, the consis- 
tent behaviour over the experimental blocks within 
each site and the very similar results obtained for both 
M. liliana and N. hartvigiana juveniles give us some 
confidence in the generality of our results. 

There are a variety of mechanisms that could explain 
the inverse effects of adult Macornona liliana in the 2 
different habitats. Larvae or juveniles may have re- 
sponded to some chemical cue (e.g. see Woodin 1986, 
1991), associated with the adult M. liliana, which was 
detected by juveniles in only 1 habitat. Alternatively, 
juvenile density may be differentially influenced by 
predators (e.g. Watzin 1983, Zobrist & Coull 1992) or 
sediment disturbers (e.g Brenchley 1981, Rhoads & 

Boyer 1982, Meadows & Meadows 1991), depending 
on type of hab~tat.  While neither of these mechanisms 

can be dismissed, other studies that have identified dif- 
ferences in bivalve adult/juvenile interactions depen- 
dent on sediment type have invoked hypotheses that 
involve bivalve feeding behaviour, hydrodynamics 
and/or sediment characteristics (Peterson 1982, 'Olafs- 
son 1989, Ahn et al. 1993). Peterson (1982) demon- 
strated that the bivalve Protothaca staminea consis- 
tently decreased the density of conspecific recruits in a 
muddy habitat but not in a sandy habitat, probably as 
a result of higher hydrodynamic activity and sediment 
mobility at the sandy site masking effects. 'Olafsson 
(1989) found that the growth of juvenile Macoma 
balthica was decreased by adult conspecifics at a 
muddy-sand site, but not a wave-exposed sand site, 
and related this to site-specific differences In feeding 
behaviour. Although detailed observation of the feed- 
ing behaviour of M. liliana at our sites was not possible 
because of poor water clarity, we routinely observed 
feeding traces characteristic of M. liliana surface 
deposit feeding in both habitats. Ahn et al. (1993) pro- 
posed that bioturbation by Gemma gemma decreased 
the stability of muddy-sand sediments to account for 
sedlment specific differences in adult/juvenile interac- 
tions amongst the bivalves G. gemma and ~Vercenaria 
mercenaria in laboratory tests. 

Some of the mechanisms postulated in these studies 
may contain components that are relevant to the pat- 
terns observed in our study. In our study, surface de- 
posit feeding by Macomona liliana, with its associated 
sediment disturbance and changes to sediment micro- 
topography, may interact with site-dependent habitat 
features such as variations in food supply (Gray 1974, 
Snelgrove & Butman 1994), sediment mobility/stability 
(Meadows & Meadows 1991, Ahn et al. 1993, Best 
1993) or feeding behaviour ('Olafsson 1989. Levinton 
1991, Peterson & Skilleter 1994). 

As with many field experiments, our sampling strat- 
egy was unable to differentiate between settlement 
and post-settlement survivorship, and attempting to 
hypothesise explanations of the results based solely on 
post-settlement processes may not fully account for the 
observed results. Whatever the actual mechanism, 
consistent effects occurred over the 9 wk of this study 
despite the temporal variation in the density of settling 
larvae (cf. Andre & Rosenberg 1991). Further studies 
are needed to identify the actual mechanisms involved 
and, in particular, the interaction between post-settle- 
ment movement associated with hydrodynamic activ- 
ity and local biological interactions. 

The findings of this study, which are integrated 
over settlement, early post-settlement survivorship and 
mobility, emphasise the importance of making predic- 
tions on the outcome of local biological interactions 
that are constrained by habitat type. For species such 
as those used in thls experiment, which are commonly 
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found in a variety of habitats, this indicates the need to 
use caution when generalising about the outcoiile of 
ecological interactions. The changes in the direction of 
ecological interactions from the sandy site to the 
muddy-sand site suggest that subtle changes in eco- 
logical processes may res.ult from changes in sedimen- 
tation or hydrodynamic regimes associated with the 
development of coastal and harbour environments. 
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