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ABSTRACT: Ambrose (1984a) suggested that a 3-way interactive model should be applied to marine 
infaunal communities having the levels of epibenttuc predators, predatory infauna and nonpredatory 
infauna. It is shown that the 3-level interactive model incorporates the implicit, unstated assumption 
that epibenthlc predators preferentially prey on predatory infauna. A review of the literature reveals 
that this assumption is not true. The assumption of predatory infauna being more susceptible to 
epibenthic predation is challenged. Reanalysis of the caging studies analyzed by Ambrose with a more 
ngorous and conservative classification of predatory and nonpredatory lnfauna provides no support for 
the proposed model. The application of the proposed 3-level interactive model to marine infaunal 
communities is not justified. 

INTRODUCTION 

Arnbrose (1984a) claimed that predatory infauna 
should be considered separately from nonpredatory 
infauna in the investigation of soft-sediment commun- 
ity organization. He  argued that a 3-level interactive 
model should be  applied to infaunal communities. 
Epibenthic predators (crabs, fish, birds) are assumed to 
feed primarily on infaunal predators and to a lesser 
extent on nonpredatory infauna. Predatory infauna are 
assumed to feed upon the nonpredatory infauna. 

The support for the model comes from Ambrose's 
analysis of the data from 7 caging studies performed in 
North America and Europe. He  reasoned that, if the 3- 
way interactive model is appropriate, the exclusion of 
predators should have a greater positive effect on 
infaunal predators than on nonpredatory infauna. To 
test this prediction, the ratio of the abundance of non- 
predator$=infaund to the abundance of predatory 
infauna was calculated for each experiment in both 
predator exclusion and control treatments. If predatory 
infauna are preyed on more h e a d y  than nonpredatory 
infauna, the computed ratios from caged areas should 
be  higher than the ratios from control areas subject to 
epibenthic predation. Ambrose analyzed the 56 avail- 
able experiments by computing the sign of the differ- 
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ence between caged and control ratios. The hypothesis 
of greater ratios in caged areas was tested with a 1- 
tailed sign test. He  showed that the cage  ratios were 
significantly greater than the control ratios for muddy- 
sand habitats and seagrass habitats but not for sand 
habitats. Based on this analysis, he  advocated the 3- 
level interactive model for marine infaunal com- 
munities. 

Ambrose's synthesis of previously reported work is 
laudable. However, I wish to raise a number of objec- 
tions to his methodology and underlying assumptions. 
I believe that there is insufficient evidence to justify 
the apphcation of the proposed 3-level interactive 
model to soft-sediment communities in general. 

MECHANISM OF PROPOSED INTERACTIONS 

Ambrose suggests that the ratio of predatory infauna 
to nonpredatory infauna shouid be higher in caged 
areas compared to open control areas either because 
epibenthic predators prefer predatory infauna, or 
epibenthic predators prey equally upon both predatory 
and nonpredatory infauna but the nonpredatory 
infauna incur additional predation from the predatory 
infauna. In this section, I will show that the first 



3 6 Mar. Ecol. Prog. Ser. 32: 3-0. 1986 

mechanism, preferential predation on nonpredatory 
infauna by epibenthic predators, is a requirement of 
the 3-level interactive model as proposed. 

Let us consider for heuristic purposes a community of 
10 epibenthic predators, 50 infaunal predators and 250 
nonpredatory infaunal animals. Let the individual pre- 
dation rates for both epibenthic predators and preda- 
tory infauna be 1.0 over the course of the simulated 
experiments. Table l a  gives calculations for both 
caged and open areas where epibenthic predators take 
only predatory infauna (preferential predation) and 
where epibenthic predators take predatory and non- 
predatory infauna in strict proportion to their abund- 
ance (nonpreferential predation). To identify the 
extrema of the model, let us impose all of the predation 
from epibenthic predators before any infaunal preda- 
tion is imposed. As seen in Table l a ,  the preferential 
mechanism ylelds a decrease in the ratio of predatory 
to nonpredatory infauna in the presence of epibenthic 
predation whereas the nonpreferential mechanism 
produces equal ratios in open and caged areas. At the 
opposite extreme where we  impose infaunal predation 
before any predation by epifauna, similar results 
obtain. Table l a  also presents the results of ratio calcu- 
lations for a number of predation regimes in which 

epibenthic and infaunal predation alternate. The 
results are consistent in that preferential predators 
depress the infaunal ratio whereas nonpreferential 
predators do not. Two regimes (E-R-I and I-R-E) incor- 
porate a pulse of recruitment between the 2 pulses of 
predation; 100 nonpredatory infauna and 10 predatory 
infauna are added. Note that the proportional increase 
of nonpredatory infauna is higher than that of predat- 
ory infauna. The pulse of recruitment does not affect 
the results of the simulation. The preferential preda- 
tion mechanism ylelds significantly lower ratios in 
open areas compared to caged areas. There is no differ- 
ence in ratios under the nonpreferential predation 
mechanism. 

Many epibenthic predators are warm-blooded ani- 
mals; most are active, highly mobile organisms. It is 
therefore reasonable to expect that their metabolic 
rates and hence predation rates should be higher than 
those of infaunal predators. Let the predation rate for 
epibenthic predators be 3.0 over the course of our 
experiments while maintaining that rate at 1.0 for 
predatory infauna. Imposing the 6 predation regimes 
used in Table l a ,  consistently lower infaunal ratios 
result in the presence of epibenthic predation which 
falls only on predatory infauna. However, under the 

Table 1. Effect of preferential and nonpreferential predation by epibenthic predators on the ratio of predatory to nonpredatory 
infauna. In (a), individual predation rate for both epibenthic predators and infaunal predators is 1.0 over the course of the 
experiment. In (b) ,  epibenthic predation rate is 3.0. Preferential epibenthic predators take only infaunal predators; nonpreferen- 
ha1 epibenthic predators take predatory and nonpredatory ~nfauna in strict proportion to their abundance. Cages exclude all 
epibenthic predators. A number of predation sequences are given. As an example, the regime %I-E-%[ refers to a sequence In 
which first half of the infaunal predators take predatory infauna, then all of the epibenthic predators take prey, then half of the 
remaining predatory infauna take prey. R in the sequence refers to a pulse of recruitment consisting of 10 predatory infauna and 

100 nonpredatory infauna 

Predation regime Ratio of predatory to nonpredatory infauna 
Preferential predation Nonpreferential predation 

Cage Open Cage Open 

(a) Epibenthic predation rate = infaunal predation rate 

E-I 
I-E 
%E-I-%E 
!'11-E-%I 
%E-%I-%E-%I 
%I-%E-%I-%E 
E-R-I 
I-R-E 

(b) Epibenthic predation rate = 3 X  infaunal predation rate 

E-I 
I-E 
%E-1-%E 
:/>I-E-'y2] 
3,5E-',51- 
!;;I-l,;E-V21-Y'E 

E-R-I 
I-R-E 
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nonpreferential mechanism of epibenthic predation, 
the infaunal ratios do not differ between caged and 
open areas, contrary to Ambrose's claim. Incorporation 
of a pulse of recruitment (proportionately higher for 
nonpredatory infauna) does not alter the fact that pre- 
ferential predators depress the infaunal ratio whereas 
nonpreferential predators do not. 

The success of the preferential predation mechanism 
and the failure of the nonpreferential predation 
mechanism can be  understood by consideration of 
direct and indirect effects. Under the preferential 
mechanism, nonpredatory infauna are positively 
affected indirectly by the removal of predatory infauna 
by epibenthic predators. When epibenthic predation is 
removed by caging, this positive effect no longer 
obtains for the nonpredatory infauna and their num- 
bers fall d i sp ropo~ona te ly ,  leading to an increase in 
the ratio of predatory to nonpredatory infauna. Under 
the nonpreferential mechanism of epibenthic preda- 
tion, the indirect positive effect is counterbalanced 
because most of the epibenthic predation falls on the 
more abundant nonpredatory infauna. The likelihood 
of demonstrating a significant increase in the ratio of 
predatory to nonpredatory infauna depends on the 
magnitude of the positive indirect effect of epibenthic 
predation on nonpredatory infauna by removal of pre- 
datory infauna. This effect will be maximized when all 
epibenthic predation falls on the predatory infauna. 
This effect will always obtain whether the rates of 
intrinsic increase of nonpredatory infauna are equal or 
different from those of predatory infauna. If nonpreda- 
tory infauna recruit more quickly, then nonpreferential 
epibenthic predators will take even higher numbers of 
the nonpredatory infauna and fewer of the predatory 
infauna, subjecting the nonpredatory infauna to even 
stronger direct effects from the predatory infauna. 
From this analysis, I conclude that epibenthic preda- 
tion must fall preferentially on the predatory infauna if 
the 3-level interactive model is to be supported. 
Epibenthic predation falling equally on the 2 levels of 
infauna wdl not produce significantly different 
infaunal ratios. 

EVIDENCE FOR PREFERENTIAL PREDATION 
BY EPIBENTHIC PREDATORS 

Ambrose argues that predatory infauna may be more 
susceptible to epibenthic predation than nonpredatory 
infauna because they are more active at the sediment 
surface. However, some infaunal predators are always 
found beneath the sediment surface such as the nemer- 
tean Cerebratulus lacteus (McDermott 1976) and the 
polychaete Glycera dibranchiata (Klawe & Diche 
1957). Some phyllodocid polychaetes and nemerteans 
which are found on the sediment surface produce a 

copious mucus which is repellent to a number of fish 
species (Prezant 1980). Furthermore, tubicolous, non- 
predatory infauna frequently leave their tubes or bur- 
rows (Fauchald & Jumars 1979, Fish & Mdls 1979, 
Boates 1980, Harris & Morgan 1984). It is not vahd to 
assume that predatory infauna are subject to higher 
levels of eplbenthic predation than nonpredatory 
infauna merely based on presumed differences in 
motility of the 2 groups. 

Gut analyses of epibenthic predators fail to support 
the assumption of preferred ingestion of predatory 
infauna. Although many of the shorebird references 
cited by Ambrose (1984a) In support of preferential 
predation on infaunal predators by shorebirds do 
report known predatory infauna in shorebird diets 
(Recher 1966, Bengston & Svensson 1968, Goss-Cus- 
tard 1977a, b ,  Goss-Custard et  al. 1977, Bryant 1979, 
Hicklin & Smith 1979), I find no evidence of preferen- 
tial predation on predatory infauna. 

The literature lacks evidence for preferential preda- 
tion on predatory infauna by fish and crabs. Virnstein 
(1979) lists the 18 most abundant infaunal species 
collected during c a g n g  experiments and assesses 
their relative responses to the exclusion of fish and 
crab predation. The only predator among these species 
is the polychaete Glycera dibranchiata which in- 
creased in the absence of epibenthic predation but not 
to the extent of many of the nonpredatory, non-oppor- 
tunistic infaunal species (e.g. Mya arenaria and Lyon- 
sia h y d n a ) .  Ambrose cites a number of references on 
the diets of predatory fish and crabs (Klawe & Dickie 
1957, Scarratt & Lowe 1972, Wells & Steele 1973, Stick- 
ney et  al. 1975, Kravitz et  al. 1976, Arntz 1979). Klawe 
& Dickie (1957) report that Glycera dibranchiata was 
found only once in a fish stomach. Among these refer- 
ences, only Arntz (1979) provides data which can be 
used to show preferential ingestion of an  infaunal 
predator. Plaice and rockling show selection for the 
polychaetes Nephtys spp. but the preference disap- 
pears if one excludes the biomass of 2 deep-dwelling 
bivalves which are not accessible prey for either plaice 
or rockling. The remaining studies List species of pre- 
datory infauna which are eaten but are not preferred 
prey. Hence, analysis of the diets of epibenthic predat- 
ory fails to support the assumption of greater suscepti- 
bdity of predatory infauna to epibenthic predators. 

RATIO ANALYSIS 

Objections can be raised to Ambrose's criteria for 
classifying infauna into predatory and nonpredatory 
species. He claims that 'occasional predatory 
behaviour may be  all that is required for these 
(omnivorous) species to have a significant effect on the 
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densities of other infauna'. Yet, there is a dearth of 
information on the importance of infaunal predation, 
even for obligate predators. Roe (1976) documented a 
14 to 35 % reduction of the preferred prey species of a 
nemertean. Reise (1978) presented correlative evl- 
dence for a weak effect of nemerteans and infaunal 
anemones on other infauna. Commito (1982) and 
Ambrose (1984b) show significant predation by a 
nereid polychaete on the amphipod Corophium volu- 
tator. All of these studies concern strict predators. I can 
find no examples of putative omnivorous species 
demonstrating any significant predatory effect. It is not 
yet resolved whether infaunal predation is a primary 
organizing process in marine infaunal communities. 
Until the question is answered, it is necessary to allow 
only known predators into the ratio analysis as 
infaunal predators. The purpose of the analysis should 
be to try to reject the alternative hypothesis, the 3-way 
interactive model, not to confirm it. A liberal definition 
of predatory infauna invites Type I errors, errors which 
should be minimized in such an analysis. 

It is necessary to exclude small predatory infauna 
which cannot ingest or kill adult nonpredatory 
infauna. Adult infauna are operationally defined as all 
organisms which WLU be retained by the sieve size 
used in a given study. Organisms such as syllid 
polychaetes necessitate this size criterion. A syllid 
feeds by puncturing its prey with a chitinized tooth and 
removing the soft parts with its pumping pharynx 
(Fauchald & Jumars 1979). Most are small (C10 mm 
long) and are incapable of swallowing an  adult macro- 
fauna1 organism. Infaunal syllids may well have sig- 
nificant effects on meiofauna and recently settled 
juveniles of macrofauna. However, predation on 
juveniles will affect both predatory and nonpredatory 
infauna. It is not trivial to note that predatory infauna 
must pass through a vulnerable larval/juvenile stage. 

Similar arguments apply to phoxocephalid amphipods 
which are potent predators on settling stages of 
infauna (Oliver et al. 1982) but not capable of consum- 
ing adult macrofauna. 

I have recalculated the ratios of predatory to non- 
predatory infauna for 4 of the studies used by Ambrose 
(Naqvi 1968, Young & Young 1977, Reise 1978, Hol- 
land et al. 1980) using a more restrictive and conserva- 
tive definition of infaunal predator. These 4 studies 
were chosen a prion for reanalysis because they are 
available in the primary literature for readers who 
wish to compare our analyses. Two of the theses used 
by Ambrose wholly (Lee 1978) and partly (Summerson 
1980) concern sand habitats where Ambrose's analysis 
showed that the 3-level model is not appropriate. 

Based on my arguments above, I require that an 
infaunal predator be a strict predator and that it be 
capable of ingesting adult nonpredatory infauna. In 
Naqvi (1968), Glycera dibranchiata and G. amencana, 
Eulalia sanguinea, the 4 eunicean polychaetes and the 
nemerteans Cerebratulus lacteus and Lineus socialis 
are admissible as infaunal predators. Nephtys bucera 
is considered a deposit-feeder based on its ovenvhelm- 
ing abundance and size. Synsyllis longigulans is too 
small to be a predator on adult macrofauna. 

From Young & Young (1977), only nemerteans are 
considered infaunal predators. The syllid Exogone &S- 
par is excluded on the basis of size and deposit-feeding 
habits (Fauchald & Jumars 1979). 

From Reise (1978), the following organisms are con- 
sidered to be infaunal predators: the nemerteans 
Amphiporus lactifloreus, Tetrastemma melanocepha- 
lum and Lineus viridis, and the polychaetes Eteone 
longa, Phyllodoce mucosa, Nereis virens and Nephtys 
hornbergi. The omnivorous Nereis diversicolor is 
excluded. The 2 phyllodocid polychaetes are included 
even though recent evidence (Zajac 1985) indicates 

Table 2. Source of data, densities of predatory and nonpredatory ~nfauna ,  their ratios in caged and control areas and the 
differences and sign of those ratios. All data are from muddy-sand habitats 

Source Predatory infauna Nonpredatory infauna Cage Control Difference 
Control Cage Control Cage 

Naqvi (1968) 5 5 53 257 747 0.071 0.214 -0.143 

Reise (1978) 
Table 7 1 39 149 3420 0.01 1 0.007 +0.004 
Table 8 5 20 823 3312 0.006 0.006 0 
Table 9 0 5 477 4932 0.001 0.000 +0.001 

Holland et al. (1980) 
NOV 487.5 510.3 9045.1 14984.4 0.034 0.054 -0.020 
Mar 643.6 1453.8 32056.1 31922.8 0.046 0.020 +0.026 
May 843.1 2102.3 40919.8 59753.0 0.035 0.021 1-0.014 
Jul 492.7 8453.3 6963.8 72006.8 0.017 0.071 +0.046 
*ug 109.4 164.2 5529.2 5803.4 0.028 0.020 +0.008 
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Table 3. Source of data, densities of predatory and nonpredatory infauna, their ratios in caged and control areas and the 
differences and sign of those ratios. NI data are from seagrass habitats 

Source Predatory infauna Nonpredatory infauna Cage Control Difference 
Control Cage Control Cage 

Young & Young (1977) 
Haulover 116 0 5009 6899 0.000 0.023 -0.023 
Linkport 7 1 0 2321 3312 0.000 0.031 -0.031 
St. Lucie 92 11 1 1346 1035 0.107 0.068 +0.039 

Reise (1978) 
Table 16 11 35 1440 1537 0.023 0.008 +0.015 
Table 17 15 17 1533 1577 0.011 0.010 +0.001 
Table 18a 0 0 981 820 0.000 0.000 0 
Table 18b 0 0 981 1011 0.000 0.000 0 
Table 19 32 69 1986 1527 0.045 0.016 +0.029 
Table 20 16 20 3327 2711 0.007 0.005 +0.002 

that these predators take only portions of their 
polychaete prey and hence may not induce mortality. 

From the muddy-sand site in Holland et  al. (1980), 
only the phyllodocids Eteone longa and E. heteropoda, 
the rare amphinomid Pseudeurythoe paucibranchiata 
and the nemertean Micrura leidyi are classified as 
infaunal predators. The goniadid Glycinde solitaria is 
excluded on the basis of its small size. 

The re-analyses of these data are shown in Table 2 
(muddy-sand habitat) and Table 3 (seagrass habitat). 
For the muddy-sand sites, the (cage-control) statistic is 
positive in 6 of the 9 cases. However, 3 of these cases 
have differences of less than 0.01 and are best inter- 
preted as not significantly different from 0.00. The 
differences for the remaining 3 experiments are never 
greater than 0.046. In 2 cases, the abundance of preda- 
tory infauna fails to be higher in predator exclusion 
treatments as should be the case if epibenthic pre- 
dators are preylng upon the predatory infauna. 

From the seagrass habitat (Table 3), 5 of the 9 experi- 
ments have positive differences between caged and 
control ratios. However, 2 of these (Reise 1978, Tables 
17 and 20) show no difference in the number of preda- 
tory infauna between caged and open areas; the 3-way 
interactive model requires that infaunal predators be 
more abundant in the absence of epibenthic predation. 
Three of the differences between ratios are less than 
0.015 and should not be  considered different from 0.00. 
Only 2 of the differences can be considered signific- 
antly greater than 0.00. Even here, the differences are 
not large as is suggested by the depiction of the 3-way 
interactive model (Ambrose 1984a, Fig. 1). 

DISCUSSION 

I do not deny the possible importance of infaunal 
predation in determining the distribution and abun- 

dance of other infauna. This area of research is promis- 
ing and more experimental data are needed. The best 
example to date of the importance of infaunal preda- 
tion is the Glycera dibranchiata - Nereis virens - 
Corophium volutator community analyzed convincing- 
ly by Commito (1982) and Ambrose (1984b). However, 
Ambrose (1984b) was able to demonstrate no signifi- 
cant effect of epibenthic predators after 10 wk and only 
a weak although significant effect after 20 wk. Obser- 
vations of feeding by gulls (Ambrose 1986) showed 
that gulls remove 0.04 O/O of the population of large N. 
virens over the course of a tide. This rate extrapolates 
to 6.8 % of the population of large N. virens over the 
period of June to October. Given that the 95 O h  confi- 
dence intervals for large N. virens are 2 190 %, 67.1 % 
and 30.4 O/O of the means for high, middle and low 
intertidal stations, respectively (Ambrose 1986), 
removal of 6.8 % of N. virens is not statistically detect- 
able. Hence, in the community where infaunal pre- 
dators have the strongest effect yet demonstrated, the 
3-level interactive model is a t  best weakly applicable. 
It is becoming apparent that complex trophic interac- 
tions occur in infaunal communities (e.g. Commito 
1982, Kneib & Stiven 1982, Ambrose 1984b, Commito 
& Shrader 1985). However, untd it is demonstrated that 
epibenthic predators take infaunal predators preferen- 
tially and that infaunal predators significantly affect 
nonpredatory infauna, a 2-level model of epibenthic 
predators and infauna should have primacy as  the best 
general description of marine soft-sediment com- 
munities. 
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