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Influence of residents on the development of a marine
soft-bottom community

by William G. Ambrose, Jr.1,2

ABSTRACT
Field experiments in a Maine estuary were designed to follow community development in

newly exposed sediment to determine if resident infauna affect the settlement and survivorship
of colonizing infauna and thereby effect changes in community structure. Sets of buckets
consisting of control buckets (buckets with previously dried sediment) and two experimental
treatments (Nereis virens or Glycera dibranchiata added to dried sediment) were exposed on
three dates between June and October 1979 and sampled after 8, 16 and/or 24 weeks. At each
sampling, new buckets were established. The index of proportionate similarity comparing the
infaunal community of exposure periods with the same starting date was usually greater than the
index comparing periods initiated on different dates indicating that assemblages of initial
colonizers persisted for the length of the experiment despite the availability of potential
colonizers. Large numbers of infauna colonized defaunated sediment, while over the same period
of time infaunal density usually declined in sediment which originally contained infauna. Effects
of disturbance, drying the sediment, on colonization were controlled by comparing densities in
sediment exposed on different dates but after the sediment had been exposed 8 weeks, There was
no significant difference in net changes in density between these conditioned sediments despite
large differences in the density of their residents. Sediment with low initial density, however,
always had a greater net change in density than sediment with high initial density, suggesting
that residents had some effect on net changes in density. Highest densities of most infauna were
recorded in the Glycera addition treatment and lowest in the Nereis addition treatment. Nereis
abundance was reduced in the presence of Glycera, which may account for high densities in the
Glycera addition treatment. It is important to know the species composition of resident
assemblages before it is possible to make accurate predictions concerning effects of residents on
colonization. The apparent response of colonists to disturbance, in this study drying the
sediment, needs to be controlled in experiments designed to determine effects of residents on
colonization.

1. Introduction
Colonization of new species and individuals of species already present can alter the

structure of a community, Recently, Connell and Slatyer (1977) proposed three
alternative models for the mechanisms of succession which emphasize the importance
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of residents in influencing the settlement and growth of colonizers. According to these
models, residents can inhibit, enhance or have no effect upon settlement and growth of
later colonizers. Changes in a community's structure, therefore, may be dependent on
past events (e.g., predation and disturbance) which determined its present resident
assemblage.

The importance of residents in influencing changes in community structure and
determining successional sequences has been elegantly tested in marine benthic
communities. Manipulative experiments have demonstrated that interactions between
residents and invading species are important in structuring hard-substrate communi-
ties (e.g., Sutherland and Karlson, 1977; Sutherland, 1978, 1981; Sousa, 1979). In
soft-bottom communities, the ability of established infaunal organisms to inhibit
settlement by reducing the survivorship of invading larvae and newly settled juveniles
is thought to be important in structuring such communities, particularly when infaunal
densities are high (Rhoads and Young, 1970; Woodin, 1976; Peterson, 1979; Brench-
ley, 1981). Some infauna ingest larvae (Segerstriile, 1962; Mileikovsky, 1974; Breese
and Phibbs, 1972; Wilson, 1980; Oliver et al., 1982), but residents may also cause
mortality of settlers by burial and ingestion of juveniles (Woodin, 1976; Wilson, 1981;
Oliver, et al., 1982). Several studies have tested the importance of "adult-larval"
interactions (sensu Woodin, 1976) in influencing settlement patterns and structuring
soft-bottom communities (Williams, 1980; Wilson, 1980, 1981; Hunt, 1981; Commito,
1982; Oliver et al., 1982; Peterson, 1982). Based on this work, it would appear that in
soft-bottom communities residents often have the ability to inhibit settlement and
reduce the survivorship of colonizers. Recent work by Gallagher et al. (1983), however,
has demonstrated that some infaunal species can facilitate recruitment. Colonization
in soft-bottom communities, therefore, may not be independent of residents and
established infauna may affect community development.

In this paper, I follow community development, changes in community structure, in
newly exposed sediment. I test whether the presence of two predatory infaunal species,
Glycera dibranchiata (hereafter Glycera) and Nereis virens (hereafter Nereis)
influence densities of colonizing infauna and whether "infauna which initially colonize
unoccupied sediment modify subsequent colonization. Residents might affect commu-
nity structure by affecting larval settlement and metamorphosis, and/or the survivor-
ship and growth of colonists. I do not separate individual effects of adult-larval,
adult-juvenile, and adult-adult interactions or even mortality of existing residents on
changes in community structure. Instead, I test, in general, whether occupation by
residents alters community development.

2. Materials and methods
a. Experimental design and sampling. Between June and December 1979, I
conducted experiments on an intertidal mudflat 15 km up the Sheepscot River estuary
at the town of Wiscasset, Maine (690 40' W long., 440 00' N lat.). Experiments were
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located low in the intertidal zone (0.3 m above mean low water) in an area of poorly
sorted mud. Physical and biological features of this site are described in further detail
in Ambrose (1982).

Both Glycera and Nereis prey on infaunal organisms (Commito, 1982; Ambrose,
1982), although they may also be capable of deposit feeding (Klawe and Dickie, 1957;
Adams and Angelovic, 1970; Fauchald and Jumars, 1979). Both species are easy to
manipulate as adults because they are large (adult length over 10 cm and weight
greater than 6 g) and robust. They also readily reburrow. Glycera and Nereis coexist in
the experimental flat, as they do in many tidal flats in the area.

I used plastic buckets (36 cm high and 28 cm inside diameter, top area = 0.06 m2
) to

hold azoic sediment. I defaunated buckets of sediment collected from the intertidal
zone by drying them for one month. I tested the effectiveness of this procedure by
sieving the contents of two haphazardly chosen buckets through a 0.5 mm mesh,
staining the residue with rose bengal and sorting for animals. None were recovered. I
collected sediment for drying one month prior to exposure.

The entire experiment occurred in the absence of predatory fishes, crabs and birds
to: (1) prevent reduction of experimental densities of Glycera and Nereis by predation
and (2) maintain high infaunal densities of colonizers and increase the likelihood that
residents might affect colonization. I excluded epibenthic predators by attaching
Dupont VEXAR mesh tops (6 mm mesh) to each bucket. I first drilled holes 1 cm
below the rim of each bucket and using stainless steel wire attached a 5 cm high strip of
VEXAR around the rim. Tops were attached to strips using nylon ties. Strips
supported tops off the sediment surface and the holes also provided drainage for
surface water. Cage fouling was not severe. Nevertheless, I cleaned fouling organisms
and algae from the outside surface of cage tops and side strips with a wire brush every
3-5 weeks and all cages were cleaned at the start of an exposure period. This cage
design was effective in excluding epibenthic predators for a similar period of time in
other experiments (Ambrose, 1982).

I sequentially exposed sets of buckets with each set consisting of a control and 2
experimental treatments. Control buckets contained only azoic sediment. Experimen-
tal treatments were: (1) 9X Nereis (where X is average natural density, 50 Nereis with
a first setiger width greater than 3 mm added to each bucket of sediment) and (2) 16X
Glycera (one Glycera greater than 6 g added to each bucket). Each treatment and
control were replicated 4 times within each set of buckets. In areas adjacent to the
experimental site the average natural densities of Nereis (greater than 3 m~wide) and
Glycera (greater than 6 g) were 901m2 and 11m2respectively (Ambrose, 1982). I chose
to manipulate large Nereis and Glycera because smaller individuals are more difficult
to manipulate and may not be predators.

An experimental Nereis density of 9X was outside the range of densities (OX to 3X)
recorded from thirty-one 0.02 m2 cores taken from the experimental flat between 4
June and 10 June 1979 and used to determine natural Nereis density. A high
experimental density was considered necessary to allow for mortality and emigration of
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Figure 1. Initiation and termination date for each exposure period and number to identify
periods are indicated. Four replicate buckets for the control, G/ycera addition treatment, and
Nereis addition treatment were established for each period.

worms during the experiment while still insuring a significant difference in the density
of large Nereis between the Nereis addition treatment and control. Results of another
experiment revealed that a 9X Nereis density is reduced to between 4X and 5X within
10 days (Ambrose, 1982). An adult Glycera density of 16X is greater than the highest
density recorded from this area, 2X, during an extensive sampling program from 1970
to 1974 (Creaser, Maine Department Marine Resources, unpublished data).

Sediment was exposed for six different periods of time, which I refer to as exposure
periods, each with a different duration and/or starting date. Sediment was exposed for
8, 16 and 24 weeks. Eight-week exposures began 17 June, 16 August and 10 October,
16-week exposures 17 June and 16 August and the 24-week exposure 17 June. As a
result, sediment was exposed for overlapping periods of time (Fig. 1).

On 16 June I placed buckets of azoic sediment at the experimental site in a 6 by 6
matrix with buckets 1 m apart. I dug each bucket into the sediment until only 1 cm of
the bucket wall remained exposed above the surrounding sediment. This made the level
of sediment inside and outside the buckets equal. On the following low tide but while
buckets were still covered by water, I mixed the sediment in each bucket by hand to
increase the water content of the sediment. I randomly assigned treatments to buckets
and added appropriate numbers of Nereis and Glycera.

At each sampling period, new buckets were placed into holes created by removal of
sampled buckets. On 16 August more buckets were established than collected so I
created two new rows of 6 buckets each. I used the same techniques for handling
buckets and assigning treatments as described above.

I sampled buckets by removing them from the sediment and returning them to the
laboratory where I sieved the entire contents through 0.5 mm mesh. This mesh will
miss recently settled individuals of most species. I will discuss below effects of missing
these individuals on the results of the statistical tests and the interpretation of these
results. After sieving, the residue retained on the sieve was stained with rose bengal and
stored in 12% formalin until sorting. I identified all polychaetes and bivalves to species,
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Mobility /microhabitat***Taxon*

Table 1. Feeding type and mobility/microhabitat of common taxa.

Feeding
type**

(A) Hobsoniaflorida
(A) Nephtys incisa
(A) Nereis virens
(A) Notomastus latericeus
(A) Phyllodocidst
(A) Polydora ligni
(A) Scoloplos robustus
(A) Streblospio benedicti
(A) Oligochaetes
( C) Copepods
( C) Cumaceans
(M) Macoma balthica
(M) Other bivalvestt

OF
OF,C
o
OF
C
OF,FF
OF
OF,FF
OF
OF
OF
OF,FF
FF

tube dweller, surface
mobile, surface-subsurface
semipermanent burrows, surface to 35 cm
permanent burrows, subsurface
mobile, surface-subsurface
tube dweller, surface
mobile, subsurface
tube dweller, surface
mobile, surface-subsurface
mobile, surface
mobile, surface
mobile, subsurface
mobile, subsurface

*(A)-annelida, (C)---crustacea, (M)-mollusca
**OF-deposit feeder, C---carnivore, O---omnivore, FF-filter feeder (Barnes, 1974; Oe

Wilde, 1975; Fauchald and Jumars, 1979)
***Simon, 1965; Barnes, 1974; Fauchald and Jumars, 1979
tEteone longa, Phyllodoce arenae, P. maculata
ttEnsis direct us, Gemma gemma, Lyonsia hyalina

but did not identify oligochaetes, copepods, and cumaceans further than class, subclass
and order respectively.

Responses to the treatments were only analyzed for common taxa (density greater
than 3.0 individuals per 0.06 m2 bucket for control or either addition treatment for any
exposure period). These taxa, their feeding habits, and microhabitats are listed in
Table ]. I treated all bivalve species as a group because the densities of all bivalves
other than Macoma balthica were low (less than 1.0 per 0.06 m2

). I also treated all
phyllodocids as a group because densities of all species other than Eteone longa were
low (less than 1.0 per 0.06 m2). I arbitrarily defined three size classes of Nereis, small
(less than 1.5 mm first setiger width), medium (1.5-3.0 mm) and large (greater than
3.0 mm) and treated each size class separately in the statistical analyses. I made these
size separations for Nereis because different sized individuals might have different
immigration and emigration rates and because it was important to determine if the
manipulated Nereis, those in the large size class, were present in the Nereis addition
treatment at the end of each exposure period.

b. Persistence of community structure. I used data from the control and addition
treatments in all 6 exposure periods to determine if assemblages of initial colonizers
(residents) persisted for the length of the experiment despite the availability of
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potential colonizers. Persistence of a resident assemblage would suggest that residents
were able to inhibit settlement and reduce survivorship of colonizers. If residents
effectively excluded colonists, then sediment exposed the same date but sampled on
different dates will have similar species and densities of residents. Sediment exposed on
different dates may have different resident assemblages. I compared, pair by pair, the
community composition of sediment from every exposure period with every other
exposure period using the index of proportional similarity (Whittaker, 1975). I did this
analysis separately for the control and addition treatments. In order to determine levels
of significance, I randomly matched replicates from one exposure period with
replicates from another period and derived mean similarity indices. I then determined
significant differences between mean indices using the Tukey-Kramer procedure
(Sokal and Rohlf, 1981). I also compared the density of total infauna which colonized
during different exposure periods using one-way ANOVAs, with exposure period as
the main effect, on the density of total infauna from the control and addition
treatments. Because of the overlapping design (Fig. 1), exposure periods are not
independent treatments. This should result in conservative ANOVAs, however, since
factors affecting densities (larval availability, temperature, etc.) will be shared by
different exposure periods. When an ANOV A was significant (p < 0.05), I used
Duncan's Multiple Range Test to compare treatment means.

In all ANOV As I tested for homogeneity of variances using the F-max test (Sokal
and Rohlf, 1981). When the test indicated that sample variances were significantly
different (p < 0.05) from each other, I transformed the data using a logarithmic
transformation, loglo (x + 1), and retested. This transformation was sufficient to
correct alI heterogeneous variances. Unless otherwise indicated, untransformed data
are presented in all figures and tables.

c. Effects of residents on changes in density. I made use of the overlapping design
(Fig. 1) and results of ANOV As comparing total infaunal density between exposure
periods to determine whether changes in total density were independent of residents.
All the ANOVAs comparing total density were significant (p < 0.001). I used the a
posteriori Scheffe procedure to compare combinations of treatment means (Brownlee,
1965). I tested whether the mean number of organisms per bucket from an exposure
period of 16 or 24 weeks equaled the sum of the mean number of organisms per bucket
from two shorter, consecutive periods. In each comparison, the two shorter periods
together spanned the same 16 or 24 weeks as the single long period. Four combinations
of treatment means comprised the Scheffe contrasts: (treatment means are identified
by number and refer to Figure 1): (1) 1 + 4 = 2, (2) 4 + 6 = 5, (3) 2 +
6 = 3 and (4) 1 + 5 ~ 3. Separate contrasts were made for the control and addition
treatments.

In the above contrasts, buckets from the one long exposure period, 16 or 24 weeks,
and the first of the two shorter periods had the same starting date. Therefore, the



1984] Ambrose: Development of a marine soft-bottom community 639

history of change in infaunal density was assumably identical for both these sets of
buckets until the first of the shorter periods ended. If the mean densities from the two
shorter periods do not sum to the mean density from the corresponding long period then
the net change in infaunal density during the second of the shorter periods and during
the identical period of time for the long period must have been significantly different.
This significant difference could be the result of differences in infaunal density at the
start of the second period between buckets from the second short period (an initial
density of zero) and buckets from the long period (containing resident infauna). Net
change in density for the second short period is simply the mean density of infauna at
the end of the period minus zero since the buckets began with azoic sediment. During
this same time interval net change in density for the long period is the mean density at
the end of the period minus the density at the beginning. Beginning density is estimated
from the buckets of the first short period.

d. Effect of Glycera and Nerds on infaunal densities. I used ANOV A to determine
individual effects of Glycera and Nereis on the colonization of other infauna. I also
analyzed differences between treatments in the abundance of total infauna. I did
separate one-way ANOVAs for each exposure period with polychaete predator density
(control, Nereis addition and Glycera addition) as the main effect. When an AN OVA
indicated a significant treatment effect (p < 0.05), I used Duncan's Multiple Range
Test to compare individual treatment means. I excluded from the analyses any Glycera
addition replicate from which a Glycera was not recovered because I had no way to
determine how long the Glycera had been missing.

3. Results
a. Persistence of community structure. Assemblages of residents appeared to persist
for the length of the experiment. Densities of the 8 most abundant taxa which settled
into control buckets are displayed graphically in Figure 2. The pattern is very similar
for addition treatments. The date an exposure period began appears to be more
important in determining abundances of taxa than the length of the period. The
similarity indices comparing exposure periods (Table 2) quantify the relationship
between initiation date and community structure. This index varies between 0
(complete dissimilarity) and 1 (complete similarity). Similarity indices comparing
periods with the same starting date were usually significantly greater than similarity
indices comparing periods with different starting dates. For the Nereis addition
treatment, all but one of the replicates for the 24 week period which began in June were
lost so mean similarity indices could not be determined for comparisons involving this
period. Significant differences in similarity indices between treatments from this
period and others were determined using the t-test for comparisons of a single
observa tion with a mean (Sokal and Rohlf, 1981).
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Figure 2. Mean number (± I SE of the mean) per 0.06 m2 replicate bucket of Nephtys incisa
(Nep), small Nereis (SmN), medium Nereis (MdN), Notomastus laterieeus (Not), Polydora
ligni (Pol), Seoloplos robustus (Sco), Streblospio benedieti (Str), phyllodocids (Phy) and
Oligochaetes (Olig) which settled into control buckets are presented. An asterisk indicates a
mean abundance per 0.06 m2 of less than 10 individuals. Starting date and length of exposure
in weeks are indicated. Periods with the same starting date are aligned under one another.
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Table 2. Mean proportionate similarity indices comparing treatments from every pair of
exposure periods for control, Glycera addition and Nereis addition treatments. Starting date
and duration of each period are indicated. The Tukey-Kramer procedure was used to
determine significant differences between means. For contrasts involving the Nereis addition,
June, 24-week exposure period for which only a single replicate was available indices were
compared using the t-test for comparisons of a single observation with a mean. Means with
common underline are not significantly different (p > 0.05).

Control

June June June August August October
8 wk. l6wk. 24 wk. 8 wk. 16wk. 8 wk.

June-8 wk. .778 .778 .720 .726 .431
June-16 wk. .833 .701 .673 .413
June-24 wk. .645 .604 .431
August-8 wk. .887 .342
August-16 wk. .271

Glycera

June June June August August October
8 wk. 16wk. 24 wk. 8 wk. 16 wk. 8 wk.

June-8 wk. .840 .843 .727 .738 .327
June-16 wk. .882 .655 .697 .350
June-24 wk. .660 .723 .294
August-8 wk. .880 .207
August-16 wk. .183

Nereis

June June June August August October
8 wk. 16 wk. 24 wk. 8 wk. 16wk. 8 wk.

June-8 wk. .806 .815 .429 .543 .464
June-16 wk. .842 .514 .639 .558
June-24 wk.* .441 .469 .427
August-8 wk. .881 .589
August-16 wk. .596

*Indices were not compared.

The ANOV A comparing total infaunal density between exposure periods was
significant (p < 0.001) for the control and addition treatments. The result of Duncan's
Multiple Range Test for the control (Table 3) indicates that exposure periods initiated
on the same date do not have significantly different densities of total infauna. Results
for Glycera and Nereis addition treatmeJ,lts are slightly different from those for the
control but in only one instance do exposure periods with different starting dates have
infaunal densities which are not significantly different (Table 3).
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Table 3. Comparisons of total infaunal densities between the six exposure periods for control
and Glycera and Nereis addition treatments. Starting date and duration of each exposure
period are indicated. Each value represents the mean number of individuals per 0.06 m2

replicate bucket. A single replicate for the Nereis addition, June-24 week exposure period
precluded its inclusion. The ANOY A's comparing densities between periods for the control
and addition treatments were significant at p < 0.001. Duncan's Multiple Range Test was
used to determine significant differences between means. Means with common underline are
not significantly different (p > 0.05.)

Exposure Period

June June June August August October
8 wk. 16 wk. 24 wk. 8 wk. 16 wk. 8wk.

Control

2214.0 1837.3 1561.5 373.3 301.3 179.8

Glycera Addition
2262.2 2032.8 2037.7 248.1 299.7 303.4

Nereis Addition
1623.3 1712.4 734.0 352.9 176.3

b. Effects of residents on changes in density. The Scheffe contrasts which tested
whether the mean number of organisms per bucket from an exposure period of 16 or 24
weeks equaled the sum of the mean number of organisms per bucket from two shorter,
consecutive periods were all significant (p < 0.001). This indicates that the mean
infaunal density per bucket from two consecutive exposure periods does not add up to
equal the density in sediment exposed the same period of time. Therefore, the net
change in infaunal density during the second of the two consecutive periods and during
the same time interval of the single, long period were different. These net changes are
compared in Figure 3 as a function of the difference in density between buckets from
the second consecutive period and buckets from the single, long period at the beginning
of the comparison period. I will discuss below comparisons in Figure 3 involving
conditioned sediment. In Figure 3, buckets from the second consecutive period have the
low initial density because they began with no infauna. These buckets always show a
large increase in density of infauna. Net change in density for buckets which already
contained infauna was frequently negative indicating that colonization was not always
sufficient to replace lost residents (Fig. 3).

The large differences in net changes in density between buckets which initially
contained azoic sediment (those from the second consecutive exposure period) and
those which initially contained infauna (single, long period) (Fig. 3) might be
unrelated to differences in the density of infauna between the two sets of buckets.
Oliver (1979) showed that several species of larvae are attracted to recently disturbed
(frozen, dried, moved) sediment. In my experiments it is possible that larvae might



1984J Ambrose: Development of a marine soft-bottom community 643

600

400
Control

Bilow IniliolDensity
D Hi~h Initial Density

200

-200

-400

E -600

:s 400 Glycera
d
t Addition... 200
.;z

~ 400 800 1200 1600 2000 2600.;;;
c
~ -200
c

.•. 800 Nereis.,.
c
<> Addition~

<..> 600

400

200

400 1200

-200

-400

-600

Figure 3. Comparisons of net changes in density (mean number of individuals per 0.06 m2

bucket) between buckets containing different densities of residents as a function of the initial
density difference between these buckets. Each comparison corresponds to one of the Scheffe
contrasts. For control and Glycera addition, from left to right, periods being compared are
(numbers refer to Fig. I, low initial density listed first): 1) 6 vs. 5-4, 2) 5-4 vs. 3-2, 3) 6 vs.
3-2,4) 4 vs. 2-1 and 5) 5 vs. 3-\' For Nereis addition: I) 6 vs. 5-4, 2) 5-4 vs. 3-2, 3) 5 vs. 3-1,
4) 4 vs. 5-1 and 5) 6 vs. 3-2. An asterisk indicates that both sets of buckets contained
conditioned sediment. In all other comparisons buckets with the low initial density began with
azoic sediment (or azoic sediment and Nereis or Glycera).

have been more attracted to azoic sediment than to sediment which had been exposed 8
weeks or more. Differences in the attractive nature of sediment to settling larvae or
immigrants would confound the tests I did to determine if residents affected net
changes in infaunal density. I controlled for effects of disturbance, drying the
sediment, on colonization by comparing net changes in density between two sets of
buckets after each had been conditioned by at least 8 weeks of exposure. I
accomplished this by using the Scheffe procedure to compare the following combina-
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tion of treatment means (treatment means are identified by number and refer to Fig.
1): 5 - 4 = 3 - 2. This test compares the net change in density in the 24 week period
which began in June, period 3, and the 16 week period which began in August, period
5, for the interval October to December (Fig. 1). The contrast was not significant (p >
0.05) for the control or the Glycera addition treatment. The contrast was not
performed for the Nereis addition treatment because of the loss of replicates from
period 3 but net changes in density were determined. The net change in density
between October and December (identified by an asterisk in Fig. 3) for buckets from
both periods was negative for the control and the Nereis addition treatment and
positive for the Glycera addition treatment. Buckets with low initial density always had
a greater net change in density than buckets with the high initial density.

The adult-larval hypothesis (Woodin, 1976) predicts that high densities of infauna
will be more effective than low densities in preventing settlement and reducing
survivorship of invading species. Therefore, initially greater differences in the density
of residents between buckets from two exposure periods should result in greater
differences in net changes in density. In Figure 4 I plot the difference in net change in
density between buckets from two exposure periods (periods with buckets having a low
initial density minus periods with high) as, in Figure 3, a function of the initial
difference in their densitites. Each point in Figure 4 corresponds to one comparison in
Figure 3. Only comparisons made over the same period of time can be compared
because biological and physical factors were identical. For the control and Glycera
addition treatment, the three comparisons with the lowest initial density differences
represent the same period, October to December. For the Nereis addition treatment,
the October to December time period was held in common by the two comparisons with
the lowest and the comparison with the highest initial density differences. When the
comparison involving only conditioned sediment is excluded, greater differences in the
density of residents between buckets resulted in greater differences in net changes in
density.

In Figure 4, the point representing the comparison which controlled for the effect of
disturbance and compared only conditioned sediment a1ways falls below the two points
representing comparisons which utilized buckets containing azoic sediment and
covered the same period. The distance between the point representing the comparison
controlling for disturbance and the x-axis represents the degree to which residents
alone determined differences in net changes in density between exposure periods at the
indicated initial density difference. If residents had no effect on changes in density then
this point would be on the x-axis, as it almost is for the Glycera addition treatment.
Expressed as a percent of the total distance between the x-axis and a line between the
two points representing comparisons with azoic sediment, the density of residents
explains about 50% of the differences in changes in density for the control, 25% for the
Nereis addition treatment and less than 10% for the Glycera addition treatment (Fig.
4). These estimates assume a linear relationship between differences in infaunal
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Figure 4. Difference in change in infaunal density between buckets contammg different
densities of residents (buckets with low initial density minus buckets with high) as a function
of the initial density difference between these buckets. Comparisons in which one set of
buckets contained azoic sediment (or azoic sediment and Glycera or Nereis) and comparisons
in which both sets contained conditioned sediment are indicated with different symbols. The
periods being compared are the same and occur in the same order along the x-axis as in Figure
3 (see Fig. 3 legend).

density and differences in net changes in density and will be lower if this relationship is
not linear.

c. Effects of Glycera and Nereis on infaunal densities. Effects of predatory
polychaete addition on the abundances of common taxa are indicated in Table 4. Of
the 12 taxa whose response to the treatments was analyzed, only the abundances of
Nephtys incisa. cumaceans and small Nereis were unaffected by the presence of
Glycera or Nereis.

Large Nereis were always more abundant in the Nereis addition treatment than in
the control (Table 4), indicating that elevated densities of Nereis were maintained for
all exposure periods. An average of 61 % of the Nereis added to the Nereis addition
treatment remained until sampling. This corresponds to a density of approximately
5X.

The presence of Nereis at elevated densities significantly reduced the densities of
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Polydora ligni, Hobsonia florida, Streblospio benedicti, phyllodocids and bivalves.
These taxa were significantly less abundant in the Nereis addition treatment than in
the control during at least one exposure period (Table 4). Copepods were always 10 to
100 times more abundant in the Nereis addition treatment than in the control or
Glycera addition treatment.

Glycera addition did not reduce the densities of most taxa but during at least one
exposure period resulted in significantly greater abundances of H. floridi, P. ligni,
Scoloplos robustus, Notomastus latericeus and phyllodocids compared to the control
(Table 4). Abundances of medium and large Nereis were always lower in the presence
of Glycera than in the control although differences were not always significant (Table
4).

Oligochaete abundance was significantly affected by the presence of the predatory
polychaetes during the exposure period which began in October. There was no
significant difference between addition treatments and control but oligochaetes were
significantly more abundant in the presence of Glycera than in the presence of
Nereis.

4. Discussion

Recently, Woodin (1976) and Peterson (1979) suggested that negative interactions
between residents and invading larvae may be important in structuring soft-bottom
communities. Persistence of an assemblage of residents may be interpreted to be the
result of these interactions. The resident community can persist despite the availability
of potential colonizers if residents inhibit the settlement and reduce the survivorship of
colonists. In the experiments described here, sediment exposed on different dates had
different assemblages of residents which persisted until the end of the experiment (Fig.
2, Tables 2, 3). The results suggest that interactions between residents and colonists
might be important in structuring this community. Persistence of some species such as
H. floridi, P. ligni and S. benedicti in the present study is aided by their rapid
reproduction and direct development which enables these species to quickly replace
'lost individuals. The population dynamics of these species, which were often very
abundant, undoubtedly contributed to the persistence of assemblages.

The effect of residents on community development was tested by comparing net
changes in density between buckets which initially contained azoic sediment and
buckets which contained established residents. These changes in density incorporated
mortality of pre-existing residents as well as settlement and survivorship of new
colonizers so do not strictly measure effects of residents on colonization. Densities
usually declined or remained approximately the same in buckets containing residents
while they increased, sometimes dramatically, in buckets which initially contained no
infauna (Fig. 3). The same results were obtained by McCall (1977) and suggest that
residents can have a large effect on a community's development.
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There is no significant difference in net change in density between two sets of
buckets despite large differences in their initial density of residents when I controlled
for effects of disturbance, drying the sediment, on colonization and compared
colonization of sediment conditioned by at least 8 weeks of exposure. This indicates
that the differences in changes in density between newly exposed azoic sediment and
sediment with infauna might have been the result of greater larval attraction to azoic
sediment than to conditioned sediment. Previous studies which monitored colonization
of disturbed or azoic sediment recorded initially high densities of certain species
(Grassle and Grassle, 1974; McCall, 1977; Rhoads et al., 1978; Zajac and Whitlatch,
1982 a, b) and it has been suggested that some species may be adapted to exploit
disturbances (Thistle, 1981). To control for the effects of disturbance on colonization, I
assumed that the attractivene~s of azoic sediment disappeared after 8 weeks. This
assumption is hard to assess because so little is known about larval site selection. If the
attractive nature of disturbed sediment is due to a unique microbiota (Oliver, 1979),
then 8 weeks of feeding and burrowing would likely alter the microbiota's original
composition. Numerous studies have demonstrated that larvae use the presence of
microorganisms attached to sediment as a settlement clue (see review by Gray, 1974).
Larvae may be using differences in the microbiota of sediments to indicate differences
in infaunal density between areas, making the apparent response of larvae to disturbed
sediments an indirect adult-larval interaction.

Although there was no significant difference in net changes in density between
conditioned treatments, the data indicate that residents still may have had some effect
on changes in density. Even when only conditioned sediment is compared the greater
net change in density still occurred in sediment with the low initial density (Fig. 3).
The low contribution of residents to changes in density in the Glycera treatment may
have been because the abundance of Nereis, which are capable of affecting densities,
were reduced in the presence of Glycera (Table 4).

Failure of the 0.5 mm mesh to sample all juveniles will bias results of all Scheffe
contrasts. In the Scheffe contrasts, the density of infauna at the end of the first of the
two consecutive exposure periods was undoubtedly underestimated as a result of
missed juveniles. Some of these individuals were certainly sampled at the end of the
single, long period 8 or 16 weeks later. This sampling bias will result in a conservative
test for the negative effects of residents on settlement and post-settlement survivorship
because the density of organisms in buckets of the single, long exposure period (high
initial density) at the start of the second consecutive period was actually greater than
recorded. If all juveniles had been sampled initially, the result would have been a
greater negative change in density. Initial densities were also undoubtedly underesti-
mated from both exposure periods 3 and 5 in the comparison of net changes in density
between buckets containing conditioned sediment. The starting density in buckets with
the high initial density (period 3) was determined from buckets in place for 16 weeks
while the starting density in buckets with the low initial density (period 5) was



650 Journal of Marine Research [42,3

determined from buckets in place 8 weeks. As in the previous contrasts, buckets with
the high initial density (period 3) probably had a greater number of unrecorded
juveniles to begin with unless all individuals grew fast enough to be sampled within 8
weeks.

Effects of Glycera and Nereis on densities confound effects of adult~larval,
adult-juvenile and potentially even adult-adult interactions. Following the argument of
Peterson (1982), if adult-larval and adult-juvenile interactions are important in
structuring this community, then any effects of Glycera and Nereis on settlement
should still be evident in the densities of adults 8, 16 or even 24 weeks later. There is,
however, no way to separate adult-larval interactions and post-settlement mortality.

The presence of both Glycera and Nereis influenced abundances of infaunal taxa
but the predators had opposite effects. While Nereis presence caused a substantial
reduction in the abundance of several taxa, Glycera presence resulted in an increase in
the abundances of many infaunal taxa (Table 4). I obtained similar results when
Glycera and Nereis were added to undisturbed portions of the soft-bottom community
(Ambrose, 1982). In those experiments, Nereis were nearly eliminated from Glycera
treatments and I postulated that this caused the increase in infaunal abundances in
Glycera's presence. In the experiments described here, medium and large sized Nereis
were less abundant in the Glycera treatment than in the control during all exposure
periods (Table 4). This interpretation assumes that Glycera activity did not enhance
settlement. This seems reasonable because Glycera appear to have little effect on the
physical environment and therefore are unlikely to affect larval site selection. Glycera
maintain a semi-permanent burrow so do not disturb the sediment with continual
burrowing activity, do not deposit large quantities of fecal material on the surface and
are not active on the sediment surface (personal observation). Laboratory experiments
have shown that Glycera prey on Nereis (Ambrose, 1982), although in the field low
Nereis densities in the Glycera treatment could have been due to Nereis emigration.

Nereis may have reduced infaunal abundances by direct predation, disturbance
and/or by influencing larval site selection. Remains of polychaetes, juvenile bivalves,
Corophium volutator parts and oligochaetes have been recorded from Nereis fecal
pellets (Ambrose, 1982). Nereis, however, disturb the sediment surface by extending
large portions of their body onto the surface during feeding and by depositing fecal
material there (personal observation). These activities could result in the burial of
larvae, juveniles or adults or affect larval site selection. It is also possible that larvae
have evolved the ability to detect and thereby avoid areas of high Nereis density.

Initial experimental densities of both Nereis and Glycera were unnaturally high. By
8 weeks, however, the experimental density of Nereis had declined to approximately
5X (Table 4). Other experiments indicate that this decline occurs within 10 days
(Ambrose, 1982). An experimental density of 5X is much closer to the highest density,
3X, recorded in the inital cores and makes the experiments a more realistic test of
Nereis's ability to influence colonization. Furthermore, although, confounded by
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Glycera's presence the Glycera treatment acted as a Nereis removal treatment and
provided a means of evaluating effects of continuous Nereis removal during coloniza-
tion. A high experimental Glycera density could not be avoided without using larger
buckets which were not logistically feasible. Nevertheless, laboratory experiments
indicate (Ambrose, 1982) that even at lower densities the main effect of Glycera would
still be a substantial reduction in Nereis density.

The settlement patterns I observed were almost certainly biased by the hydrody-
namic effects of the bucket and VEXAR tops. Eckman (1983) has shown that even
very small structures can modify sedimentation and recruitment patterns. While
settlement patterns in the buckets and the surrounding unmanipulated flat were
probably not identical this does not bias any of the statistical tests as all buckets were
the same. As I mentioned above, one reason for using cage tops was to maintain high
infaunal densities by reducing predation and increasing the likelihood that residents
might affect colonization. The structure of the bucket and top alone probably enhanced
recruitment and contributed to high infaunal densities.

Effects of residents on colonization have been shown to be important in structuring
other soft-bottom communities (Williams, 1980; Wilson, 1980, 1981; Hunt, 1981;
Commito, 1982; Oliver et al., 1982; Peterson, 1982; Gallagher et al., 1983; Watzin,
1983). In my experiments, adult-larval interactions, post-settlement mortality and
mortality of residents were confounded. Nevertheless, it is apparent that residents are
important determinants of successional events.

The size and mobility of the interacting species and the frequency and magnitude of
their disturbance within the sediment need to be considered when attempting to model
adult-larval interactions and the effect of residents on colonization (Brenchley, 1981;
Wilson, 1981). In my experiments, Nereis caused substantial reductions in densities
probably because the Nereis I manipulated were large, disturbed the sediment surface
and were predators. I could detect no significant effect of smaller, early colonizing
infauna on net changes in density once I controlled for the effect of disturbance due to
defaunation. Glycera, although large and predatory, do not disturb the sediment
surface and therefore do not reduce densities of most infauna. Glycera reduce Nereis
abundance, so have an indirect effect on densities.

It appears unlikely that only one of the models proposed by Connel and Slatyer
(1977) explains all the successional patterns observed in soft-bottom communities.
Gallagher et al. (1983) provide evidence for the facilitation model while the results
presented here and those of others (e.g., Wilson, 1980, 1981; Oliver et 01., 1982;
Commito, 1982; Watzin, 1983) suggest that residents are also able to inhibit
colonization to varying degrees. Some species, such as Glycera in the present study,
may have an indirect effect on colonization by primarily affecting the density of one
species. It is obviously important to know the species composition of resident
assemblages before it is possible to make accurate predictions concerning effects of
residents on colonization.
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