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ABSTRACT
The macrofaunal community associated with the gregarious tube-building maldanid polychaete Petaloproctus socialis was monitored by monthly sampling from September, 1975 to
November, 1976. The community is high in species diversity and species richness with 165
species found. 30% of the 210 pairwise combinations of 21 of the most abundant species
showed significant positive correlations of their abundances. Few negative correlations of
abundance were seen. The large number of positive correlations is putatively associated with
the provision of a structural refuge from physical disturbance by the tube-building activity of
Petaloproctus. There are no negative relationships among functional groups in the community,
presumably related to the amelioration of physical disturbance by the Petaloproctus tube aggregations. The only predation evident in the community was a seasonally variable proportion
of Petaloproctus regenerating heads and tails. The presence of the sponge Hymeniacidon heliophila on the Petaloproctus tube aggregations had no discernible deleterious effect on species
abundance with two species actually showing increased abundance in the presence of the sponge.
A comparison of the Petaloproctus community to the adjacent unmodified sand community revealed that the Petaloproctus community is significantly more diverse with most organisms
having greater abundance in the Petaloproctus community. There is a marked shift in species
and in the relative abund ance of shared species between the two communities. A paradigm is
presented in which the frequency of disturbance determines whether a dense tube-builder assemblage excludes other functional groups or provides a refuge for those groups.
1. Department of Zoology, University of North Carolina, Chapel Hill, North Carolina, 27514, U.S.A.
2. Present address: Department of Earth and Planetary Sciences, The Johns Hopkins University,
Baltimore, Maryland, 21218, U.S.A.
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1. Introduction

Soft-sediment ecologists have only recently begun to appreciate the importance
of tube-building animals. It is now becoming apparent that tubes and permanent
burrows often do more than benefit the tube-dwellers. Some areas with dense tubebuilders support an infauna significantly more dense than areas where tube-builders
are sparse or absent (Woodin, 1978). Possible causes of this enhancement of species abundance and diversity are the provision of protection from surface predators
and disturbance agents (Woodin, 1978), stabilization of sediments (Fager, 1964;
Kirtley and Tanner, 1968) and the provision of a trap for organic materials increasing the amount of food available (Mangum, Santos and Rhodes, 1968).
In this study the tube aggregations of the polychaete Petaloproctus socialis are
examined. The exceptionally diverse infauna associated with these aggregations
was monitored over a 15 month period to allow analysis of temporal changes in
abundance and diversity. Consideration is given to the general effect of tube-building polychaetes on benthic infauna! communities.
a. Study organisms and habitat. Petaloproctus socialis Andrews is a maldanid polychaete known primarily from the type-locality of Beaufort, North Carolina.
Taylor's (1973) report of P. socialis in Tampa Bay, Florida, is the only published
account of the species outside of the Beaufort region. The presence of P. socialis
in subtidal collections (Pearse, Humm and Wharton, 1942; Day, Field, and Montgomery, 1973) may indicate a wider distribution in deeper waters. Like most other
maldanids (Day, 1967), P. socialis lives head downward in a vertical tube and
engages in direct deposit-feeding. The species is highly gregarious with as many
as 100 worms constructing their tubes and cementing sediment between them to
produce a solid mass of intercemented tubes which generally occupy an area of
less than 0.05 m 2 • Mangum (1964) showed that larger grain sizes were selected for
tube construction. These sediment concretions contain sufficient spaces to support
a dense infauna which is predominantly composed of polychaetes. The lower limit
of the concretions usually coincides with the depth of the redox potential discontinuity (RPD).
b. The study area. The study site, Wreck Point, is an extensive sand flat within
Cape Lookout Bight, North Carolina (Fig. 1). The Petaloproctus concretions are
located entirely on the eastern side of the flat as a discontinuous shoal primarily
below the 0.0 tidal datum. Powell (1977) described the sediments at Wreck Point
as a moderately sorted medium sand. Temperature varied from 26.5°C to at least
13 °C (January temperature data not available). Salinity was always between 33
and 34 % .
2. Materials and methods

Sampling was undertaken monthly from September, 1975, to November 1976

'
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Figure 1. A. Map of portion of the North Carolina coast showing the position of Cape Lookout. B. Cape Lookout region of the North Carolina coast showing the location of the study
site, Wreck Point.

with occasional observational trips made afterwards. Because the concretions were
irregularly shaped in all dimensions, sampling by area was not feasible. Rather,
a portion of each clump sampled was taken by estimating 300 cubic centimeters
of clump material in the field. The samples were placed in individual plastic bags
with some seawater and brought back to the lab where they were maintained
until sorting could be done. In November, 1976, four 300 cm 3 samples of adjacent
unconsolidated sediments were taken at least 0.5 m from the nearest Petaloproctus
concretions. Since the Petaloproctus concretions are entirely above the RPD, only
oxidized sediment was taken for the samples of uncemented sediment. No macrofaunal animals were noted below the RPD.
Samples could be maintained for 7 to 10 days before anoxic conditions began
to appear. Because of the time required to sort a sample, 6 samples represented the
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maximum number of samples which could be processed before deterioration began.
Sorting was accomplished by breaking each sample into several pieces and picking
the cemented material apart with heavy dissecting needles. In this manner, most
of the Petaloproctus and other large species could be isolated. Once the cemented
material was picked apart, the sediments were covered with a solution of MgCl~
in distilled water which had been mixed to be isotonic to seawater. The clump
material was allowed to sit for one hour to allow the MgCl 2 sufficient time to narcotize all of the remaining animals. To remove the animals, the flask was inverted and
quickly turned back upright. Since the animals sank differentially slower than the
sediments, the animals could be extracted by pouring off the supernatant MgCl2
solution before the animals had settled down with the sediments. The sieve used in
this study had a mesh size of 500 microns. The animals were removed from the
sieve and fixed in formalin along with the larger animals which had been isolated
previously. The clump sediments were then drained and their volumetric displacement measured in a 2000 ml graduated cylinder to quantify sample sizes. To assure
comparability of samples, the samples of unconsolidated sediments were extracted
in an identical manner.
Abundances were calculated as number of individuals per unit volume of clump
material. The volumetric unit chosen was the cubic decimeter (liter) since this
yielded abundances for most species between 0.1 and 100.
Species diversity was calculated with the information-theoretic Shannon-Wiener
function (Poole, 1974). The two components of this measure, species richness and
species evenness were also computed using the measures of Margalef (1958) and
Pielou (1966), respectively.
To search for patterns of species abundance indicating possible competitive
interactions, 19 of the 21 most abundant taxa were examined by making all possible pairwise combinations of species. The Harpacticoida, which included several
species, and Sphaerosyllis labyrinthophila, samples of which were inadvertently
mixed, were excluded from the analysis. Additionally, the abundances of two predators, the polyclad Latocestus whartoni and nemertean sp. were included in the
analysis. For each pair, sample abundances were analyzed for significant correlations. The data for each pair were analyzed by the parametric Pearson productmoment and the nonparametric Spearman rank correlation statistics. For these and
all other statistical analyses, p < 0.05 was taken to be significant. In addition for
each species, sample abundance data were analyzed for possible correlations with
temperature and sample size data. It should be emphasized that these correlations
permit the generation of hypotheses but can in no way show causality.
As sorting of samples was done, fragmentation of polychaetes including Petaloproctus occurred quite frequently. To determine the number of a particular polychaete species only heads and whole organisms were counted. However, since
Petaloproctus tails are easily identified by the unique petaloid flange around the
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Table 1. Abundance data for the more abundant species encountered in the course of the major
sampling period with standard errors and proportional numerical contribution of each species
to the total number of individuals in the community. The m aximum size attained by each
organism is given. Abundances are expressed as numbers of individuals per dm3 of clump
material. Key to taxa : A-Amphipoda, B-Bivalvia, C--Copepoda, E-Echiura, G-Gastropoda, N-Nemertea, P-Polychaeta, T-Turbellaria.
Species
Syllis co rnuta
Petaloproctus socialis
Caecum johnsoni
Paleanotus heteroseta
Nereis falsa
Exogone dispar
Harpacticoida
Diplodonta punctata
Schistomeringos rudolphi
Podarke obscura
Polydora socialis
Maera caroliniana
Sphaerosyl/is !abyrinthophila
Mediomastus californiensis
Brania clavata
Micropthalmus sp.
Caecum pulchellum
Lissomyema mellita
Arabella iricolor
Parapionosyllis longicirrata
Tharyx setigera
Corophium acherusicum
Axiothella mucosa
Modiolus americanus
Latocestus whartoni
Nemertean sp.
Chione grus
Hiatella arctica

Taxon

Mean

S.E.

% of fauna

p
p

94.9
88.4
87.9
59 .0
40.3
34.2
30.2
23.4
21.2
16.7
15.8
15.1
12.7
12.2
11.6
9.6
8.0
6.6
5.7
4.6
4.6
4.5
3.6
3.6
3.3
3.2
3.0
3.0

7.1
4.9
13.9
7.5
3.9
4.2
9.8
7.5
2.3
1.9
3.8
4.7
4.4
2.6
2.5
1.1
1.1
1.5
0.6
0.9

14.22
13 .24
13.17
8.84
6.04
5.12
4.52
3.51
3.18
2.50
2.37
2.26
1.90
1.83
1.74
1.44
1.20
0.99
0.85
0.69
0.69
0.67
0.54
0.54
0.49
0.48
0.45
0.45

G
p
p
p
C
B
p
p
p
A
p
p
p
p
G
E
p
p
p

A
p
B
T
N
B
B

1.3

1.4
0.7
1.0
0.9
0.5
0.7
0.9

Length
(mm)
15
70
2
15
30
9
5
5
25
20
20
10

2
8
4
6
2
35
150
5
8
4
40
30
25
45
3
5

anus (Andrews, 1891), tails of Petaloproctus were counted as well. It was observed
that a number of heads and tails of Petaloproctus were in the process of regeneration. To test for significant differences between the proportions of heads being
regenerated and the proportions of tails being regenerated, the chi-square contingency test was used (Siegel, 1956). For each month, the proportions of worms
regenerating heads and tails were calculated and the arc sin yx. transformation performed on the data (Snedecor and Cochran, 1967). One-way ANOVA was per-
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Table 2. Total number of species in 4 logarithmic abundance intervals. Percentages do not
total to 100.00 because of rounding errors.
Density (no./ dm')
10-100
1-10
.1-1
.01-.1

Number of species
15
29
48
40

% of total individuals
84.400
13.250
2.025
0.388

formed on both the heads and tails data to test for possible monthly and seasonal
differences in regeneration frequency.
To test for contagious species distributions in space, the 15 most abundant species were tested for each month of the study by calculating the monthly mean
abundance and the variance around the mean. The ratio of variance to mean was
calculated and tested for significance from 1 by chi-square analysis (Pielou, 1966).
Values of this ratio significantly greater than 1 are indicative of contagious distributions (Pielou, 1966).
In November, 1976, it was noted that some of the clumps of Petaloproctus had
been covered with the sponge, Hymeniacidon heliophila. To test for differences in
densities of the more abundant species and in the total number of species between
sponge-covered and sponge-free clumps, one-way ANOVA was performed on data
from samples collected in June, 1977. The log (x+l) transformation was performed on these data to satisfy the assumptions of ANOVA.

3. Results
a. Population dynamics. Table 1 gives the grand mean abundances for the 28 most
abundant species collected in the course of the major sampling period from September, 1975 to November, 1976. The table also includes the standard errors of
the means and the proportionate numerical contribution of each species to the total
number of individuals sampled in this community. Maximum length of each species
is also given as a criterion of size. Table 2 is designed to show the great number
of rare species in this community. 98 rare species contribute only 2.35 % of the
total individuals sampled. The community is dominated by polychaetes with molluscs and crustaceans of secondary importance. (A list of all the species that have
been found associated with the Petaloproctus concretions as well as abundance
data is available on request).
Table 3 presents the results of the contagion analyses for the dominant species
in the community for three representative months. Some species, e.g. Caecum
johnsoni, are strongly aggregated at all times of the year. Other species such as
Nereis falsa and Schistomeringos rudolphi vary through the year, showing apparent random distributions during some months and aggregated distributions during
others. Arabella iricolor and Tharyx setigera appear to always be Poisson distributed.
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Table 3. Contagion analyses for the numerically dominant species in the community for three
representative months. A variance to mean ratio significantly greater than 1 indicates a contagious distribution. * denotes significance at the 9 5 % level, * * denotes significance at the
99 % level, - indicates the species was not found.
Species

Feb

Petaloproctus socialis
Syl/is cornuta
Caecum johnsoni
Paleanotus heteroseta
N ereis fa/sa
Exogone dispar
Schistomerin gos rudo/phi
Podarke obscura
Polydora socia/is
Maera caroliniana
M ediomastus californiensis
Caecum pulchel/um
Arabella irico /or
Tharyx setigera
Latocestus whartoni

5.7
86.2**
64.5 **
130.0**
8.8
23.2**
12.7 *
14.7*
16.3 * *
47.0 **

5.6
8. 6
12.0*

June

Nov

3.9
11.3 *
24.0**
22.2*
36.8**
51.5 * *
6.8
0.8

18.0 **
43.4 * *
182.9**
88.7**
31.8 **
48 .2**
31.8 **
19.0*
0.2
7.0
23.1 **
2.7

5.6
4.0
3.5
9.1

6.8
5.6

7.7

b. Regeneration in Petaloproctus. Table 4 gives the chi-square analysis testing for
differences in the proportion of Petaloproctus regenerating heads compared with
the proportion regenerating tails. The analysis shows a significantly greater proportion of worms to be regenerating heads than tails, assuming that the heads and
tails are regenerating at equivalent rates. Extensive field observations have convinced me that Petaloproctus is always oriented head downwards in its tube. I have
observed Petaloproctus to extend its anterior end beyond its tube to feed. It periodically backs up its tube to defecate at the surface. Presumably, a worm is subject
to predation whenever any part of its body is extended beyond the protection of
its tube. Given the assumption that predation is responsible for the observed regeneration, the analysis strongly implies that infauna! predators are on the average
more important than epibenthic predators, at least as far as browsing predation is
concerned. There are numerous epibenthic predators which I have observed on
the flat which could be responsible for the observed tail losses. Shorebirds are
Table 4. Chi-square analysis testing for significant differences in proportions of Peta/oproctus
regenerating heads and regenerating tails.

Heads
Tails

Normal

Regenerating

1523
1544

180
80

x = 35.97, P < 0.01
2
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potentially important as well (Schneider, 1978). However, the only important infaunal predators are the large nemertean Cerebratulus lacteus and several species
of polychaetes of the genus Glycera. The mode of feeding of Cerebratulus, an unarmed nemertean, of engulfing its prey (McDermott, 197 6) would not account for
the loss of only a few anterior segments of Petaloproctus. Glycera however is
equipped with four jaws which would enable it to nip off portions of polychaetes.
These infaunal predators may be responsible for at least some of the head losses
of Petaloproctus. The occasional occurrence of Glycera beneath Petaloproctus
concretions provides some anecdotal evidence in support of this hypothesis. However, in the only thorough study of feeding in any glycerid polychaete, Ockelmann
and Vahl (1970) found the Scandinavian Glycera alba to feed on the surface, not
below the surface. Clearly, the Glycera at Wreck Point would have to engage in
subsurface feeding to demonstrate their postulated effect.
Asexual reproduction is known in the Polychaeta (Berrill, 1931; Martin, 1933;
Rasmussen, 1953) and could be an alternative explanation to predation in producing regenerating individuals. If transverse fission were occurring, an equal number
of regenerating heads and tails should be seen, assuming again that head and tail
regeneration rates are equivalent. Such was not the case (Fig. 3). Also, the number
of segments being regenerated was quite variable, usually less than 7. The number
of regenerating segments was never greater than the number needed to restore the
species-specific number of 22 segments (Andrews, 1891). These arguments make
it unlikely that asexual reproduction is taking place and hence the predation hypothesis is the most parsimonious.
Figure 2 shows the monthly proportions of Petaloproctus regenerating heads and
tails. For the heads (Fig. 2A), the ANOVA for the period between December,
1975, and November, 1976, showed significant differences between months
(F11 , 56 =2.99, p < 0.01). There is a significant increase in regeneration frequency
in May. For the tails (Fig. 2B), the ANOVA for the same time period showed
significant differences (Fn, 56=2.88 , p < 0.01). In contrast to the May increase for
heads, the only significant difference between successive months was a decline in
November, 1976. The monthly proportion of regenerating heads correlates strongly
with the monthly proportion of regenerating tails (r=0.703, p < 0.01 , n=15).
Curiously, Mangum (1964) found that 12 % of the Petaloproctus at Bird Shoal,
North Carolina were regenerating tails but that none was regenerating a head.
Young and Young (197 8) found that 46 % of a population of the maldanid A xiothella mucosa in the Indian River, Florida were regenerating tails. These data suggest that the significant correlation between head and tail loss frequencies arises
from the effect of a third correlated variable rather than being caused by the same
phenomenon. The correlation of monthly temperature with the proportion of regenerating heads is significant (r=0.572, P < 0.05, n= 11) as is the correlation
between temperature and the proportion of worms regenerating tails (r=0.572,
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Figure 2. Monthly proportions of Petaloproctus regenerating heads (A) and tails (B) for the
period September, 1975 to November, 1976. The 95% confidence intervals are asy=etrical
because of the arc sin v-;; transformation of the data.

p < 0.05, n=l l). Since poikilotherm predation should increase as temperature
rises, the invocation of temperature as the factor accounting for the correlation of
frequency of head loss with tail loss is attractive but untested.

c. Interspecific relationships. The abundances of 19 of the 21 most abundant species as well as two less abundant predators were analyzed pairwise for possible
correlations. Theoretically, one would expect to see a strong negative correlation
of abundance of two competing organisms. Such results were seldom found . Of
210 possible pairs only 3 (1.4 % ) were significantly negatively correlated using
Pearson product-moment statistics, 8 pairs (3.8 % ) negatively correlated using
Spearman rank correlations. Conversely, significant positive correlations emerged
for 64 pairs (30.4 % ) using Pearson product-moment analysis and for 75 pairs
(35. 7 % ) using Spearman rank correlation analysis.
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Figure 3. Graph of monthly Shannon-Wiener diversity values and species richness values for
the period from September, 1975 to November, 1976.

d. Environment-species relationships. The abundances of the 21 species considered
in the preceding section were also analyzed for possible correlation with both
volumetric sample size and temperature. Only 5 species had their abundance positively correlated with sample size using the Pearson statistic; 10 comparisons were
positively significant using the Spearman statistic. The lack of significant correlation
for the remaining species is a reflection of the patchy nature of their distributions.
Comparing abundance with temperature, one species showed a positive correlation
and 4 showed negative correlations using Pearson statistics. The Spearman rank
analysis revealed 3 positive and 3 negative significant correlations. There is little
evidence therefore that temperature has a controlling effect on the distribution and
abundance of organisms in this community.
e. Community structure. Shannon-Wiener diversity values for each month of the
study are presented in Figure 3. Although standard errors are not available, one
would suspect that the September, 1975, and May, 1976, diversity values are significantly low. The September decrease cannot be explained with present information but the May decrease is associated at least in part with the onset of epitoky
and subsequent emigration of the many syllid polychaetes (Wilson, unpublished
data). For comparative purposes, Shannon-Wiener values from other benthic communities are presented in Table 5.
Evenness data are not presented graphically but varied from a low of 0.44 in
May to a high of 0.58 in September of 1976. Following Peet (1975), the total
number of species in the community (165) was used in computing these data. A
graph of these values would therefore precisely parallel the graph of ShannonWiener diversity values.
Species richness data are presented in Figure 3, varying from 3.07 to 8.30. Com-
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Table 5. Comparative table of Shannon-Wiener diversity values and species richness values
from various benthic marine studies.
Study

Number of species

Boesch, 1973
Chesapeake Bay, VA

H '.

D

4.30

7.1

Commito, 1976
Cross Rock, NC

114

3.26

Dexter, 1969
Radio Island, NC

41

1.48

3.92

Holland and Polgar, 1976
North River, SC

56

2.71

3.2

JOO

2.99

81

3.15

10.49

165

4.10

8.30

Johnson, 1970
Tomales Bay, CA
Lee, 1974
White Oak River, NC
Wilson, 1979
Wreck Point, NC

pared to values given in Table 5 for other benthic communities, the Petaloproctus
community is seen to be moderately high in species richness.
Correlation analyses were performed to examine the relationship between volumetric sample size and both the number of species and the number of rare species
in a given sample. These functions are probably not linear over their entire range.
However for the small variation in sample sizes considered here, linearity can be
assumed and thus the use of parametric statistics is justified. For this analysis a
rare species is operationally defined as any species whose grand mean abundance was
less than 0.l/dm3 • The Pearson product-moment statistic for the relationship between sample size and the number of species is 0.300. Although this is significant
(p < 0.05), sample size is a poor estimator of the number of species in a sample,
accounting for only 9 % of the variance in species number. Similarly, the correlation between sample size and the number of rare species is significant (r=0.298,
p < 0.05) but again, sample size is a poor estimator, accounting for only 8.9 %
of the variance in the number of rare species.
The Petaloproctus community is largely a deposit-feeding community with only
a few suspension-feeding bivalves and polychaetes. Predators taking macrofaunal
prey are uncommon within the clumps. However, there are no significant negative
correlations between feeding types or between tube-builders and non-tube-builders
as would be predicted by the arguments of Woodin (1976). Such an analysis is
not totally appropriate since the data are from within rather than between communities. A second set of correlation analyses were performed (Table 6) to look
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T able 6. Analysis for correlation between sediment stabilizers and sediment destabilizers using
Pearson product-moment correlation statistics.
Sediment stabilizers-Axiothel/a, Corophium, Modiolus, Nereis, Petaloproctus, Polydora,
Sabella, Tharyx
Sediment destabilizers-Arabella, Armandia, Aspidosiphon, Caecum johnsoni, C. pulchellum,
Exogone, Hemipodus, Lissomyema, Maera, Mediomastus, Paleanotus, Parapionosyllis,
Podarke, Schistomeringos, Syllis
Correlation: Stabilizer abundance-Destabilizer abundance

r = 0.22, p > 0.05

for patterns related to the organisms' effect on the sediment. Accordingly, the more
abundant organisms were divided into sediment stabilizers and sediment destabilizers (Brenchley, 1978). Tube-builders stabilize, burrowers and vagile forms destabilize. Contrary to the prediction of a negative interaction of stabilizers and destabilizers, a positive correlation of the abundances of these two groups results.
From Table 1, it is apparent that most of the sediment destabilizers are considerably smaller than Petaloproctus, the primary sediment stabilizer in this system.
It seems therefore that the effect of the destabilizers occurs on a scale considerably
smaller than a standard Petaloproctus sample.
Table 7 presents analyses of the data taken in June, 1977, for the comparison
of the abundances of the dominant species in the Hymeniacidon-covered clumps
with their abundances in sponge-free clumps. Data and field observations in November, 1976, suggested that the presence of the sponge had a detrimental effect
Table 7. Results of analyses of variance for differences in abundance of dominant species in
Hymeniacidon-covered clumps and uncovered clumps. F-statistics are given with * denoting
significance at the 95 % level and ** denoting significance at the 99% level.
Species
Petaloproctus socialis
Syllis cornuta
Caecum johnsoni
Paleanotus heteroseta
Nereis falsa
Exogone dispar
D iplodonta punctata
Schistomeringos rudolphi
Podarke obscura
Ma era caroliniana
Arabella iricolor
Axiothel/a mucosa
Eulalia sanguinea

Species/volume

Covered mean
(no / dm 3 )

Uncovered mean
(no/dm3 )

51.0
41.0
76.5
29.6
138.7
41.4
6.2
10.1
15.4
2.4
8.1
38.4
10.8

51.0
129.2
84.9
44.8
37.4
3.0
16.4
7.6
4.6
11.3
10.5
9.8
15.0

0.03
5.04
0.03
0.73
4.77
20.30**
2.18
0.10
7.87 *
3.56
0.02
0.93
0.06

96.1

89.8

0.10

Fi.•
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Table 8. Comparison of species abundance and community parameters of the Petaloproctus
community with the adjacent unmodified sand community. Standard errors are given in
parentheses.
Species
Petaloproctus socialis
Caecum johnsoni
Paleanotus heteroseta
Syl/is cornuta
Nereis falsa
Exogone dispar
Schistomeringos rudolphi
Podarke obscura
Parapionosyllis longicirrata
Axiothella mucosa
Maera caroliniana
Sphaerosyllis labyrinthophila
Armandia maculata
Ceratonereis irritabilis
Prionospio heterobranchia
Spiophanes bombyx

Petaloproctus community
54.9 (11.2)
174.8 (37.0)
117.7 (60.4)
103.8 (29.5)
63.4 (27 .7)
54.7 (3.1)
23.1 (9.8)
14.9 (3.7)
10.2 (2.4)
7.4 (2.6)
5.1 (3 .3)
2.2 (2.2)

Adjacent community

4.2(3.1)
45 .0 (21.8)
8.4 (1.0)
3.4 (1.9)
4.2 (2.5)
0.8 (0.8)
41.7 (29.6)
1.7 (1.0)
2.5 (2.5)
1.7 (1.0)
1.7 (1.0)

Community Parameter
Shannon-Wiener diversity
Species richness (D}
Total species (4 samples)
Total individuals

4.08
5.52
58
1278

2.87
2.88
2.2
156

on species abundance. This hypothesis was not supported by the June data. As
seen in Table 7, no species had a significantly reduced abundance in the presence
of the sponge. In fact, the polychaetes Exogone dispar and Podarke obscura had
increased abundance in the presence of Hymeniacidon . The number of species/dm 3
did not vary between the two treatments.
f. Comparison with the adjacent unconsolidated sediment community. A comparison of the fauna associated with the Petaloproctus concretions with the fauna
of the adjacent unmodified sediments is shown in Table 8. These samples were
taken in November, 1976. Since only four samples of unconsolidated sediment
were taken, two the six Petaloproctus samples for that month were randomly excluded from this analysis. It is readily apparent that for most of the species found
in both the Petaloproctus community and the adjacent community, the organisms
have higher abundances in the Petaloproctus concretions. The organisms which
are the most abundant members of the Petaloproctus are generally not found in
the adjacent community. The few animals which are found exclusively in the
adjacent community are not abundant. Shannon-Wiener diversity and species rich-

636

Journal of Marine Research

[37, 4

ness appear to be higher in the Petaloproctus community. The total number of
species and individuals is far greater in the Petaloproctus community. When these
data are computed on a per-sample basis, t-tests show the differences to be significant. Generally, the Petaloproctus concretions are associated with an augmentation of species abundance and diversity as well as with a change in the dominant
species.
4. Discussion

a. The community associated with Petaloproctus. The species composition of this
community was stable over the course of this study. The few significant changes in
abundance of the dominant species could be correlated with emigration and/ or
death associated with reproductive activities (Wilson, unpublished data). Predation,
as far as could be detected, does not appear to play an important role in structuring
this community. The predation that is putatively evidenced by the occurrence of
regenerating heads and tails of Petaloproctus should be considered browsing predation. The predator consumes a portion of the prey without causing the death of
the prey. The adjacent community in the unconsolidated sediments (Table 8) is
comparatively depauperate. Predation may be very important in structuring this
community adjacent to the Petaloproctus concretions (Woodin, 1978; Vimstein,
1977). If so, the Petaloproctus concretions represent a spatial refuge. The tube
masses have sufficient strength to thwart the digging efforts of such surface predators as Callinectes sapidus.
Neither does biological disturbance sensu Woodin (1978) appear to be important
in structuring and organizing this community. Signs of activity by biological disturbance agents such as Limulus polyphemus (Woodin, 1978) and the cow-nose
ray, Rhinoptera bonasus (Orth, 1975) were never evident on the flat. However,
the area is subject to considerable water movement which would rapidly destroy
any characteristic trails or depressions. Nonetheless, the Petaloproctus concretions
are sufficiently solid to resist most such disturbances.
In an area where physical disturbance in the form of strong water currents
prevail, there are two viable life modes for infauna! polychaetes. A polychaete can
burrow through the substratum in response to erosion or deposition of sediments.
Such organisms, e.g. Nephtys picta, effectively destabilize sediments. The alternative
strategy is to construct a tube which resists sediment movements. These polychaetes
should stabilize sediments. Brenchley (1978) has suggested a negative interaction
between sediment stabilizers and sediment destabilizers. The present data do not
support this notion for this community. The abundances of stabilizers are positively
correlated with those of destabilizers. The activity of the destabilizers is ostensibly
insignificant in destabilizing the Petaloproctus concretions. The concretions serve as
a refuge for the destabilizers which find sufficient space between tubes to crawl
freely. Thus, the positive correlation is seen.
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It has been shown that the adjacent community is less diverse and less dense
than the proximate Petaloproctus community (Table 8). Equally interesting is the
change in dominant organisms in the two communities. Of the five most abundant
species in the Petaloproctus community, only Syllis cornuta is found in the adjacent
community, where it is rare. Species which are common to both communities tend
to be small (< 10 mm long). In the adjacent community, nearly all of the animals
are sediment destabilizers, the exceptions being Axiothella and two spionids. These
data strongly suggest that the two communities are structured by different processes.
Clearly, the Petaloproctus clumps serve as a refuge for many species, many of
which are smaller than Petaloproctus (Table 1). The activities of Petaloproctus in
stabilizing sediments have a positive effect on most of the infauna, hence the large
number of positive correlations of abundance. This effect tends to mask the competitive interactions which should be important in this refuge system.
The Petaloproctus community is a high diversity system with high species richness resulting from the large number of rare species. If one arbitrarily defines a
rare species as one that contributes less than 0.5 % of the total individuals, 83.8 %
of all the species in the Petaloproctus community are rare. Lee (1974) at the White
Oak River and Dexter (1969) at Radio Island, both North Carolina sites, had
65.4 % and 65.9 % rare species respectively. From Tenore's (1972) data fo r the
Pamlico River estuary, North Carolina, only 11.1 % of the species are rare. Observations by R. M. Rieger on the meiofauna and personal observations on the
macrofauna at Wreck Point have prompted the suggestion that the proximity of
Wreck Point to oceanic waters (Fig. 1) may account for the occurrence of characteristically subtidal species on the flat and would thus explain the exceptionally
high number of rare species encountered in this study.
b. Other communities associated with tube-building polychaetes. Dense aggregations of tubicolous polychaetes are often observed in marine intertidal communities.
The associated fauna of such polychaete structures has been relatively well described for Sabellaria alveolata (Gruet, 1971; Wilson, 1971 , 1974), S. vulgaris
(Wells, 1970), Phragmatopoma lapidosa (Kirtley and Tanner, 1968; Gore, Scotto
and Becker, 1978), Owenia fusiformis (Fager, 1964), Diopatra cuprea (Brenchley,
1975; Woodin, 1978), Polydora ciliata (Daro and Polk, 1973), P. aggregata (Blake,
1971) and a trio of tubicolous polychaetes (Woodin, 1974).
Based on the above accounts, it is possible to identify two general types of
habitats where such dense assemblages of tube-building polychaetes occur. Certainly other classification schemes besides the one presented here are possible
(e.g. Aller and Yingst, 1978). In habitats where physical or biological disturbance
(including predation) is important, dense tube-building may serve to establish a
refuge from these disturbances. For example, sabellariid reefs are found in areas
where wave action is strong (Kirtley and Tanner, 1968 ; Wilson, 1971). Diopatra

638

Journal of Marine Research

[37, 4

cuprea is found in dense aggregations in biologically disturbed areas (Woodin,
1978). Unlike the sabellariids (Eckelbarger, 1975; Wilson, 1971), the distribution
of Diopatra may represent differential survival rather than a preference of the larvae
to settle with conspecifics insofar as solitary individuals are frequently observed.
Petaloproctus is found intertidally where water movement is sufficient to scour
sediments and where the only other predictable organisms are large and dense sediment stabilizers (the polychaete Americonuphis magna, pen shells Atrina spp. and
the marine angiosperm Halodule wrightii). In all these cases, the tubes provide
structural refuges for other infauna! organisms as well and this amelioration of
disturbance tends to mask competitive interactions.
In less disturbed habitats, dense tube-building serves to give tube-builders a
competitive advantage over nontubicolous species by provision of a mechanism for
preemption of space. Tube-builders are seen to have a positive effect on other tubebuilders but a negative effect on burrowing forms (Woodin, 1974) or sessile, epifaunal forms (Daro and Polk, 1973). Unlike the preceding category of tube-builders, these tube-builders display strong competitive interactions with burrowing
forms and sessile forms and thus support a depauperate infauna.

5. Summary
1. The gregarious polychaete Petaloproctus socialis forms sediment concretions

by cementing sediment between the closely packed tubes of conspecific neighbors.
These concretions provide habitat for over 160 other species.
2. A large number of rare species were noted with 98 species contributing only
2.35% of the total individuals.
3. The only sign of predation observed was a seasonally variable proportion of
Petaloproctus regenerating heads and tails.
4. Pairwise comparisons of species abundance yielded 30% significant positive
correlations with only 3 % of the correlations negatively significant. This suggests
a lack of strong competitive interactions in this community.
5. The presence of the sponge Hymeniacidon heliophila appeared to have little
effect on the abundance or diversity of organisms.
6. Shannon-Wiener diversity values for the Petaloproctus community are among
the highest reported in the literature for temperate benthic communities.
7. A comparison of the Petaloproctus community to the adjacent unmodified
sediment community revealed that the former has many more individuals and
species. In addition, there is a marked change in the dominant animals in the
unconsolidated sand community.
8. A paradigm is presented to explain the conflicting effects reported in the literature of tube-building polychaetes on other infauna! organisms. In areas where
disturbance is frequent, dense tube-building provides a refuge from such distur-
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bance and provision of such a refuge positively affects other functional groups.
Where disturbance plays little importance in structuring a community, dense tubebuilding gives the tube-builders a competitive advantage and thus a negative effect
over other functional groups.
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