
The Veliger 32(2):109-119 (April 3, 1989)

THE VELIGER
© CMS, Inc., 1989

Effects of Adult Suspension- and

Deposit-Feeding Bivalves on

Recruitment of Estuarine Infauna

by

ANSON H. HINES, MARTIN H. POSEY,
AND PATRICIA J. HADDON

Smithsonian Environmental Research Center, P.O. Box 28,
Edgewater, Maryland 21037, U.S.A.

Abstract. A variety of theories, especially functional-group theories, have proposed that adult infauna
may regulate community composition by affecting the survival or behavior of settling larvae and juveniles.
The influence of adult suspension- and deposit-feeding bivalves (Macoma balthica and Mya arenaria) on
infaunal recruitment was studied to observe the potential importance of such interactions. The two
clams were transplanted at various densities into buckets of defaunated sediment during the spring of
two years. Both species had generally similar effects on the densities of other fauna. Total macrofaunal
abundance was reduced by both Mya arenaria and Macoma balthica, with the greatest decline occurring
at highest clam densities. The densities of individual species were also affected, but the influence of the
two clams varied among taxa and between years. The results suggest that Macoma balthica and Mya
arenaria may alter community composition through a variety of direct and indirect effects upon recruit
ment. However, the pattern of effects is not consistent with that predicted by functional-group theories
of faunal interactions in soft substrates. Indirect effects of the clams, resulting from their influence on
one or two dominant taxa, may be more important on short time scales in determining the abundances
of certain fauna.

INTRODUCTION

Recruitment success of infauna has been proposed as a
potentially important process regulating the composition
of soft-substrate benthic communities. Local hydrodynam
ic patterns, substrate characteristics, larval behavior, and
predation by resident infauna may all act to determine
larval settlement and subsequent survival (COMMITO, 1982;
ECKMAN, 1983; WATZIN, 1983; WEINBERG, 1984; BUTMAN,
1986; WOODIN, 1986). Similarly, several functional-group
hypotheses also have proposed that high densities of certain
infauna may inhibit recruitment of organisms with specific
ecological attributes. The adult-larval interaction hypoth
esis (WOODIN, 1976) suggests that discrete, dense assem
blages of deposit feeders, tube dwellers, and suspension
feeding bivalves may be maintained through interactions
between established adults and settling larvae or juveniles.
Deposit feeders can ingest larvae in near-surface sediments
or disrupt larvae and juveniles while searching for detrital
food. Tube builders will pre-empt space otherwise avail-

able for settlement and can ingest larvae on the substrate
surface. Suspension feeders can filter out planktonic larvae
before they reach the bottom. The trophic-group amen
salism hypothesis (RHOADS & YOUNG, 1970) predicts that
deposit feeders can inhibit both adult and juvenile sus
pension feeders by resuspending large quantities of par
ticulates, thereby clogging filtering appendages and organs.
The mobility-mode hypothesis (BRENCHLEY, 1981,1982)
predicts that mobile species can prevent the establishment
of sedentary organisms by destabilizing (often fluidizing)
substrates and disrupting permanent tubes, burrows, or
rhizome systems. Sedentary taxa, in turn, may bind sed
iments, inhibiting burrowing by mobile animals.

The actual importance of functional-group interactions
to settlement patterns and community composition has been
debated. Recruitment may be affected by a wide variety
of physical and biological factors that may overwhelm
functional-group effects (COMMITO, 1982; ECKMAN, 1983;
BUTMAN, 1986). Substrate characteristics are well known
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Table 1
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Influence of clam species (Macoma vs. Mya), clam density (0, 12, or 50 per 0.06 m2), and annual variability on
macrofaunal abundance. Values are F-ratios from a three-way analysis of variance.

Interaction terms
Main effects

Clam Clam
Taxa species density Year

Bivalvia

Macoma baithica 0.4" 3.17* 0.03"
Macoma mitchelli 0.05"' 0.40" 0.08"
Mya arenaria 7.94** 10.50**** 313.13****

Polychaeta

Heteromastus fiii/ormis 0.22" 12.47**** 21.87****
Eteone heteropoda 0.01"' 0.54n, 25.40****
Nereis succinea 3.38" 1.09"' 30.83****
Poiydora ligni 0.04"' 7.47** 300.29****
Scoiecoiepides viridis 8.63** 6.42** 215.79****
Strebiospio benedicti 0.36n

' 0.28"' 25.81 ****

Crustacea

Cyathura poiita 7.79** 7.50** 198.90****
Corophium iacustre 9.14** 39.73**** 132.88****
Leptocheirus piumuiosus O.Ol n

' 1.57n, 2.28"'

Total macrofauna 10.37** 52.60**** 320.87****

*,P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001.
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Twenty-two species constituted the macrofauna in the
experimental buckets during the two years. However, only
12 species had mean densities per bucket that were sig
nificantly greater than zero for two or more treatments
(Students t-tests, P < 0.05); and only the densities of these
common species were compared among treatments. These
species included a variety of taxa (polychaetes, crustaceans,
and bivalves) as well as a variety of trophic, mobility, and
developmental patterns (Table 2). All 12 species are dom
inant members of the naturally established infaunal com
munities of the Rhode River (HINES & COMTOIS, 1985;
HINES et al., 1987 ). None of the species that occurred in
the buckets but were not considered in the analyses had a
mean density greater than four individuals per bucket in
any treatment.

The densities of seven of these 12 common species were
affected by variations in clam density and four showed
differences in recruitment between the two clam species
(Table 1). Nine species also displayed highly significant
variations in abundance between the two years (Table 1).
However, interactions were numerous among these main
effects, making interpretation of their overall importance
difficult. Because of these strong interactions, the influence
of varying clam density on macrofaunal abundance was
examined separately for each clam species during each
year (one-way ANOVA).

As introduced before, several functional-group hypoth
eses make specific predictions about the effects of both
surface deposit feeders, such as Macoma balthica, and sus
pension feeders, such as Mya arenaria, on the abundances
of species with particular trophic and mobility character-

istics (Table 2). Both Mya arenaria and Macoma balthica
had qualitatively similar effects on faunal abundances dur
ing 1981 (Figure 2; Table 3). Four species exhibited a
pattern of higher abundance with low densities of one or
both clam species, while four other species were negatively
associated with increasing clam density. Macoma balthica
recruits were most abundant in buckets containing low
densities of Macoma balthica and low or high densities of
Mya arenaria. Similarly, Heteromastus filiform is reached
highest densities with low density Macoma balthica treat
ments, and Mya arenaria recruits were more abundant with
low densities of Mya arenaria adults (a similar, though
non-significant, trend occurred for Mya arenaria recruits
in low-density M. balthica treatments [Figure 2]). This
pattern of highest densities with low clam abundance was
also exhibited by a tube-dwelling spionid polychaete, Sco
lecolepides viridis, with Macoma balthica. Polydora ligni and
Corophium lacustre were negatively associated with in
creasing clam density. Both species had significantly lower
densities with high densities of Mya arenaria and Macoma
balthica compared to clam absence. Neither displayed a
trend towards highest densities with low abundances of
either clam species. Two free-burrowing species were also
negatively associated with increased clam density (Nereis
succinea with Macoma balthica and Cyathura polita with
l'v1ya arenaria). A ninth species, Streblospio benedicti, ex
hibited only a marginally significant response to varying
Mya arenaria abundance.

In 1982, macrofaunal densities within the buckets were
much lower than observed in 1981, reflecting lower re
cruitment in the Rhode River during this second year of
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Ecological attributes of principal species in the Rhode River community and predicted effects of clam abundance from
functional group hypotheses. References for attributes in parentheses: 1 = BRAFIELD & NEWELL, 1961; 2 = MAURER,
1967; 3 = RHOADS & YOUNG, 1970; 4 = REINHARZ & O'CONNELL, 1981; 5 = THORSON, 1946; 6 = HINES & COMTOIS,
1985; 7 = PURCHON, 1968; 8 = CHANLEY & ANDREWS, 1971; 9 = DAUER et al., 1981; 10 = FAUCHALD & JUMARS, 1979;
11 = BLAKE, 1969; 12 = GEORGE, 1966; 13 = DEAN, 1965; 14 = RASMUSSON, 1956; 15 = BANSE, 1954; 16 = BOUSFIELD,

1973; 17 = BURBANCK, 1967; 18 = Hines, personal observations.

Tube or
Vertical location Predicted effects

Adult feeding burrow Reproductive
in sediment of bivalves

Taxa mode construction mode Juvenile Adult Macoma Mya

Bivalvia

Macoma baltica Surface deposit/ No Planktonic lar- Surface Deep neg. b neg. b

(1,2,3,4,5,6,18) facultative vae
suspension

Macoma mitchelli Surface deposit/ No Planktonic lar- Surface Subsurface neg. b neg. b

(1,2,3,4,6,9,18) facultative vae
suspension

Mya arenaria Suspension Semi-perma- Planktonic lar- Surface Deep neg.<I,b,c neg. b

(3,4,6,7,8, 18) nent tube vae
for siphon

Polychaeta

Heteromastus filiformis Subsurface de- Mucous-lined Brooding plank- Deep Deep 0 negb

(4,6,12,14,18) posit burrow tonic larvae
Eteone heteropoda Surface predator No Planktonic lar- Surface Surface neg.b neg. b

(6,12,14,18) vae
Nereis succinea Surface predator Mucous-lined Planktonic lar- Surface Deep neg. b neg. b

(4,6,12,14,15,18) burrow vae
Polydora ligni Surface deposit/ Horizontal Brooding p1ank- Surface Surface neg. b•c neg. b

(5,6,9,12,11,18) facultative tube tonic larvae
suspension

Scolecolepides viridis Surface deposit Vertical tube Planktonic lar- Surface Subsurface neg. b•c neg. b

(5,6,9, to, 12, 18) vae
Streblospio benedicti Surface deposit/ Horizontal Brooding p1ank- Surface Surface neg. b•c· neg."

(6,9, to, 13, 18) facultative tube tonic larvae
suspension

Crustacea:

Cyathura polita Subsurface de- Unlined bur- Brooding Subsurface Subsurface 0 0
(6,17,18) posit row

Corophium lacustre Surface deposit/ Horizontal Brooding Surface Surface neg. b•c 0
(6,16,18) suspension tube

Leptocheirus plumulosus Surface deposit/ Horizontal Brooding Surface Surface neg. b•c 0
(6,16,18) scavenger tube

", trophic-group amensalism (RHOADS & YOUNG, 1970); b, adult-larval interactions (WOODIN, 1976); c, mobility-mode interactions
(BRENCHLEY, 1981, 1982).

experiments (Figure 1; HINES et al., 1987). The number
of species affected by increasing clam density was also less
in 1982. One species, Corophium lacustre, was less abun
dant with increasing densities of both Mya arenaria and
Macoma balthica, a pattern similar to that seen for this
species in 1981. Another species (Heteromastus filiformis)

was most abundant with low Macoma balthica densities
but exhibited only marginally significant responses to Mya

arenaria. Three other species (Polydora ligni, Scolecolepides

viridis, and Streblospio benedicti) were significantly affected
only by varying densities of Macoma balthica, all three
having lower abundances with higher Macoma balthica

densities relative to clam absence (Figure 3). Only one
species, Scolecolepides viridis, showed a qualitatively dif-

ferent response to clam density from 1981 to 1982. This
spionid polychaete reached highest numbers with low-den
sity Macoma balthica treatments in 1981, but was nega
tively associated with this clam in 1982. Total faunal abun
dances were lowest with high densities of both species
during both 1981 and 1982 (Table 3; Figure 1).

DISCUSSION

Both Mya arenaria and Macoma balthica had major effects
on recruitment and benthic community composition in the
Rhode River. Total faunal abundances were reduced by
both species during both years of experimentation, with
highest clam densities having the strongest effect on faunal
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Figure 2

Influence of varying Macoma balthica and Mya arenaria densities on common macrofauna during 1981. 0, no clams;
L, 12 clams/0.06 m'; H, 50 clams/0.06 m'. Means connected by lines are not significantly different (Scheffe's tests,
calculated separately for both Macoma and Mya).
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Figure 3

Influence of varying Macoma baLthica and Mya arenaria densities on common macrofauna during 1982. 0, no clams;
L, 12 clams/0.06 m'; H, 50 clams/0.06 m'. Means connected by lines are not significantly different (Scheffe's tests,
calculated separately for both Macoma and Mya).
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Influence of varying densities of Macoma balthica and Mya arenaria on the abundances of common macrofauna.
Values are F-ratios from a one-way analysis of variance.

1981

Taxa Macoma Mya Macoma

Bivalvia

Macoma balthica 18.30*** 11.73** 1.44"'
Macoma mitchelli 0.67'" 0.27'" 2.68"'
Mya arenaria 6.29* 4.90* 0.73'"

Polychaeta

Heteromastus filifarmis 4.48* 14.95*** 6.07**
Eteone heteropoda 0.59"' 1.70"' 1.86'"
Nereis succinea 9.36** 1.40'" 2.14"'
Palydara ligni 6.11 * 4.26* 4.40*
Scolecolepides viridis 5.37* 2.49"' 5.30*
Streblospio benedicti 2.06"' 4.30* 7.01**

Crustacea

Cyathura polita 1.73"' 7.31 **
Corophium lacustre 9.58** 5.58* 17.77****
Leptocheirus plumulosus 0.17"' 0.45"' 3.26"'

Total macrofauna 11.35** 5.82* 29.59****

1982

Mya

2.63'"
2.65"'
0.91"'

3.85*
0.28"'
1.58"'
2.01 "'
2.81 "'
1.63"'

11.86***
2.06"'

11.25***

*, P < 0.05; **, P < 0.01; ***, P < 0.001; ****, P < 0.0001; " absent.

hypothesis; WOODIN, 1976). In this study, Mya arenaria
at low densities enhanced the densities of certain species
with planktonic larvae (e.g., Macoma balthica and Hetero
mastus filijormis) while high densities of this bivalve neg
atively affected organisms that brood their young (e.g.,
Corophium lacustre). Macoma balthica is predicted to affect
negatively suspension-feeding species (trophic-group
amensalism; RHOADS & YOUNG, 1970), species with non
burrowing larvae (adult-larval interaction hypothesis;
WOODIN, 1976), and sedentary species (mobility-mode hy
pothesis; BRENCHLEY, 1981, 1982). Some members of all
three groups were enhanced at low densities of Macoma
balthica while others were negatively associated with this
clam. Both clams appeared to have a variety of effects on
functionally similar species. For example, both species neg
atively affected certain tube builders, such as Corophium
lacustre and Polydora ligni, but were positively associated
with other tube dwellers, such as Streblospio benedicti. Thus,
predictions based solely on a species trophic type or mo
bility mode do not explain adequately the effects of these
bivalves on recruitment.

These results join a growing literature emphasizing cau
tion in the use of functional approaches to benthic com
munities. Several studies have shown that functional-group
interactions may be important under certain circum
stances, usually involving large, active, burrowing species
(ALLER & DODGE, 1974; RONAN, 1975; PETERSON, 1977,
1984; BIRD, 1982; POSEY, 1986, 1987). However, the im
portance of these density-dependent group effects may vary
depending upon the relative sizes of the interacting species
(WILSON, 1981; PETERSON, 1984; DEWITT & LEVINTON,
1985), activity rates (WILSON, 1984; POSEY, 1987), or life-

history characteristics (WEINBERG & WHITLATCH, 1983).
In this study, Mya arenaria and Macoma balthica were
predicted to have specific effects on other macrofauna. In
actuality, their effects varied, some consistent with func
tional-group hypotheses and some not. Many of these in
consistencies may be related to the relative sizes or activity
of the species involved as well as to indirect effects resulting
from the reduction of aggressive or dominant species. This
study emphasizes the growing consensus that functional
group approaches must be viewed with caution and may
apply primarily under restricted conditions involving large
or functionally dominant organisms.
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