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ABSTRACT: Responses to disturbance of estuarine infauna were studied to test the hypothesis that 

seasonality, the estuarine environmental gradient and sediment composition would significantly affect 
recolonization. The study was conducted in a small estuary located in southeastern Connecticut. USA, 

using controlled disturbance experiments and sampling of the ambient infauna. Species composition in 

experimental plots and ambient sediments usually did not differ, either on a seasonal or areal basis. 
Numerically dominant species usually included the polychaetes Streblospio benedicti, Capitella spp. 

and Polydora ligni, and the oligochaete Peloscolex gabriellae. Other species included the polychaetes 

Scoloplos fragilis, Hobsonia florida and Nereis virens, the hemichordate Saccoglossus ko waleski, and 

the amphipods Microdeutopus gryllotalpa and Corophium insidiosum At times, densities of these 

species exceeded or were equivalent to dominant species densities in ambient sediments and experi- 
mental plots. There were usually significant differences in recolonization and ambient population 

dynamics due to seasonality and estuarine position. The effects of sediment composition on recoloniza- 

tion patterns of the various species were generally not significant. Seasonal trends in ambient and 

recolonization species densities were similar, with the highest responses to disturbance in the spring 

and summer. As ambient densities declined during the fall and winter, responses to disturbance did 

likewise. On an areal basis, the highest responses to disturbance occurred in the middle and upper 
portions of the estuary. Ambient densities followed a similar pattern, but peak densities in the early 

spring (May, 1979) were found in the lower portion of the estuary. Based on differences between 
ambient and recolonization population densities, only 1 species, Polydora ligni, exhibited a regular 

opportunistic response. Other species exhibited opportunistic responses, but in only 1 or 2 mo during 

the study. It is apparent, therefore, that species responses to disturbance were quite variable and no 

general pattern of recolonization could be applied to Alewife Cove with respect to seasonality and 

estuarine position. Due to this variation, and the historical component involved in recolonization of 

disturbed habitats, hypotheses correlating species responses to disturbance with life history adapta- 

tions may not be  generally applicable to estuarine soft-bottom communities. 

INTRODUCTION 

Disturbance, defined as any stochastic event initiat- 

ing species populational change either from density- 

independent mortality and/or a change in the resource 

base of the community, has been shown to be an 

important factor influencing community structure in 

many environments (e.g. Connell and Slatyer, 1977; 

Whittaker and Levin, 1977; Paine and Levin, 1981). 

Johnson (1973) hypothesized that marine benthic com- 

munities are 'continually varying in response to a his- 

tory of disturbance . . . and therefore different parts are 

at different levels of succession'. 
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The effects of disturbance on marine infaunal com- 

munities, and the successional changes that ensue, 

have been studied extensively (e.g. Dean and Hasking, 

1964; Leppakowski, 1969; Grassle and Grassle, 1974; 

Guerin and Masse, 1976; McCall, 1977; Richter and 

Sarnthien, 1977; Simon and Dauer, 1977; Wolff et al., 

1977; Arntz and Rumohr, 1978; Pearson and Rosen- 

berg, 1978; Rhoads et a l . ,  1978; Rumohr, 1978; Sanders 

et al., 1980; Santos and Simon, 1980a, b; Woodin, 

1981). While similar successional patterns have been 

observed in distinct soft-bottom environments, little is 

known about how spatial and temporal differences in 

abiotic and biotic factors within an  environment affect 
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community establishment. Most investigations have 

followed species and community responses to disturb- 

ance which has occurred at only 1 point during the 

year and/or within only 1 type of habitat in a particular 

environment. Studies examining the influence of 

environmental heterogeneity (e.g. Grassle and Gras- 

sle, 1974; Dauer and Simon, 1976; Guerin and Masse, 

1976; Richter and Sarnthien, 1977; Pearson and Rosen- 

berg, 1978; Santos and Simon, 1980b) indicate that 

species and community responses to disturbance can 

be affected by a variety of biotic and abiotic factors. 

Further, few concurrent comparisons of disturbed sites 

with ambient (undisturbed) conditions are available 

(McCall, 1977; Rhoads et al., 1977, 1978; Conner and 

Simon, 1979) and in some studies which monitored 

undisturbed ('control') sites, differing sampling 

methodologies preclude definitive comparison (e.g. 

McCall, 1977; Rhoads et al., 1978). Such comparisons 

are crucial to ascertaining how responses to disturb- 

ance differ from prevailing infaunal dynamics, and 

when (or if) the disturbed habitat begins to approxi- 

mate ambient conditions. 

This study examines patterns of initial recoloniza- 

tion in an estuarine infaunal community. Short-term 

recolonization experiments were performed to deter- 

mine to what extent spatial and temporal fluctuations 

in physical and biological factors, and sediment com- 

position, would cause variations in this stage of succes- 

sion. The degree of opportunistic behaviour (sensu 

Thistle, 1981) exhibited by species found during the 

study was also assessed. 

MATERIALS AND METHODS 

The study was conducted in Alewife Cove (72" 07'W, 

41" 21'N), adjacent to the Thames River, southeastern 

Connecticut, USA (Fig. 1). The Cove is a small (17 ha), 

shallow estuary entertaining tidal exchange with Long 

Island Sound. The primary source of freshwater is 

Fenger Brook watershed (802 ha), although an  impor- 

tant secondary source can be lateral runoff (Welsh et 

al., 1978). 

Data were collected from ambient infaunal com- 

munities and in-situ recolonization experiments from 

June 1978 to July 1979. In this study recolonization is 

defined as the initial stages of community establish- 

ment (i.e. population densities 4 to 6 wk after control- 

led disturbance). Spatial variability in recolonization 

was studied by deploying experimental plots at 3 shal- 

low, subtidal study sites in the Cove: Station I (SI) in 

the lower reach, Station I1 (SII) in the middle basin, and 

Station 111 (SIII) in the upper basin (Fig. 1). Study sites 

corresponded to physical and chemical divisions of the 

Cove (Table 1). Temporal variability was examined by 

b. . - ..... ' 

LONG I S L A N D  S O U N D  

Fig. 1. Location of Alewife Cove in southeastern Connecticut, 
USA (insert). Arrows pointing to Xs denote locations of the 3 

study sites (SI. SII, SIII) in the estuary 

deploying plots at each station for 9 separate exposure 

periods (Table 2). To determine the effect of sediment 

composition on recolonization, each set of experiments 

was performed using fine sand (sand) and silt (mud) 

sediments. There were 2 replicate plots for each sta- 

tion-time-sediment treatment. Ambient sediments 

near the experimental arrays were sampled on each of 

the 9 recolonization sampling dates, and also in March 

1979. Each set of samples included 5 randomly 

positioned cores from the ambient sediments and each 

experimental plot. 

Disturbance was simulated by filling experimental 

plots (plastic buckets, 20 cm height, 0.229 m2 surface 

area) with defaunated sediments. Sediments were col- 

lected from Alewife Cove and silt-clay content (% total 

dry weight) was 10 % and 80 % for sands and muds, 

respectively. Defaunation was accomplished by allow- 

ing the sediments to remain in covered plastic buckets 

for approximately 1 wk or longer; they were then 

washed with freshwater through 2 mm and 1 mm 

sieves for sands and muds, respectively. Samples were 

checked periodically to ensure complete defaunation 

and no living organisms were ever found. 
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Table 1. Summary of physical characteristics in Alewife Cove 

P a r a m e t e r  

AREA Mean depth1 Salinity Flow' Changes Seasonal Sediments 

(cm) range' in salinity nutrient and 

(S) structure' patterns2 ~ed imenta t ion ' ,~  

Lower Reach 35 20-32 Tidal Negligible Marine dominated Fine sand, 

(S11 (Long Island 2 

Sound) 

Middle Basin 98 I 3-3ir Mixed Moderate Mixed, in spring Silt, 

(SW similar to upper relatively 
basin, otherwise constant rates 

similar to lower 

reach 

Upper Basin 'Distinctly different Silt, large 
(SIII) from marine or seasonal 

freshwater patterns' fluctuations 

' Welsh et al. (1978) 
Herring (1978) 

Welsh and Whitlatch (1980) 

Mixed, 
primarily 

affected by 

freshwater 

discharge 

Large 

Table 2. Sampling schedule of recolonization plots and 

ambient sediments. Initial deployment was on June 13, 1978; 

plots sampled in May were deployed March 30. 1979. Dura- 
tion of exposure is shown in days (d). Sample designations 

used in the text are shown in parentheses 

Sampling/ Recolonization Ambient 
deployment plots sediments 

6-13-78 

6-27-78 1 4  d (June)' + 
7-13-78 30 d (July)' + 
8-1 1-78 29 d (August' + 
9-15-78 35 d (September)' + 
11-1-78 46 d (November)' + 
12-28-78 57 d (December) ' + 
3-22-79 + 
3-30-79 
5-3-79 34 d (May) ' + 
6-5-79 34 d (June)' 

7-20-79 44 d (July)' 

Fresh plots put into place 
+ Ambient sediments sampled 

Experimental plots were placed directly into the 

sediments at S1 with tops approximately flush with the 

sediment suface. At S11 and SIII, plots were deployed 

into wooden frames pushed into the silt bottoms as far 

as possible. Plots at these stations protruded approxi- 

mately 10 cm above the sediment surface. Differences 

in deployment were to avoid human disturbance at SI, 

and provide easier retrieval of samples at S11 and SIII. 

Plot position within each experimental array was ran- 

domized at the beginning of the study and remained 

the same throughout the study. 

Samples were collected using cores (3.4 cm inside 

diameter) pushed 20 cm into the sediment. Samples 

were brought to the laboratory and washed through a 

297 pm mesh sieve. Sample residues were fixed in 

10 % buffered formalin, transferred to 70 % ethanol. 

and stained with rose bengal. All samples were sorted 

under a dissecting microscope and all organisms iden- 

tified to species. Members of the genus Capitella were 

combined as Capitella spp, owing to the morphologic 

similarities in this suite of sibling species (Grassle and 

Grassle, 1977). A total of 630 cores were processed. 

Two-way analyses of variance (ANOVA) were used 

to test for differences in total and individual species 

densities between sites and sampling periods (i.e. 

space versus time) for ambient and recolonization data. 

If these proved to be significant (p < .05), between-site 

differences within a sampling period, and temporal 

differences within a site, were further analyzed using 

one-way ANOVAs and a posteriori t-test matrices. Dif- 

ferences between sand and mud recolonization, and 

ambient sediments were tested for each sampling 

period using one-way ANOVAs and a posteriori t-test 

matrices. All statistical analyses were performed using 

standard programs provided in Dixon and Brown 

(1979). Clustering programs (Dixon and Brown, 1979) 

were also used to measure the similarity of species 

abundance fluctuations in ambient sediments and 

responses to the simulated disturbances. The t-test 
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matrix tests are multiple comparisons of sample means 

similar to Fisher Least Significant Difference (LSD) 

tests; they are appropriate for the statistical analyses 

for which they were used (Snedecor and Cocharan, 

1974). A significance level of p < .05 was used for all 

statistical tests and data were transformed, 

log 10 (X + l), prior to analyses. 

RESULTS 

Thirty taxa were collected during the course of the 

study (Zajac, 1981). Of these. 16 species were selected 

for further analysis based on at least 2 occurences in 

either set of ambient or recolonization samples. 

Ambient Community 

The spatial distribution of species within Alewife 

Cove was relatively uniform. Seven species (Streblos- 

pio benedicti, Capitella spp., Peloscolex gabriellae, 

Polydora ligni, Eteone heteropoda, Nereis virens, 

Gammarus mucronatus) were found at all stations and 

only 4 species were found at 1 station only (Spio setosa, 

Scolecolepides viridis, and Saccoglossus kowaleski at 

SI ,  Hobsonia florida at SIII). 

Seasonality, position in the estuary, and the interac- 

tion between these 2 factors caused highly significant 

differences in ambient total abundance (p < 0.001 for 

each effect and the interaction, two-way ANOVA). 

Further, there were significant differences in total 

abundance between sampling periods at each station 

(p  < .01, one-way ANOVA), and within a sampling 

period there were significant differences between sta- 

tions, except in March and July 1979 ( p  < .05. one-way 

ANOVA). Although ambient total abundance patterns 

were variable (Fig. 2), trends during some sampling 

periods were evident throughout the estuary. This was 

especially evident in the spring and early summer, 

1979, when sharp increases in abundance occurred at 

each station, but were staggered at approximately one 

month intervals. 

At S1 and SII, late spring and summer samples had 

higher abundances than samples taken at other times 

(p < .05, a posteriori t-tests). Abundances at  S11 in June 

1979 were significantly higher than at any other time 

at this location. At both S1 and SII, abundances from 

August to March were not different. In contrast, total 

abundance at S111 was not as temporally variable, with 

significant differences occurring only between a few 

months (p < .05, a posteriori t-tests). 

Between-station comparisons indicated that at least 

once during the study period each station supported a 

significantly higher total abundance of infauna than 

AMBIENT TOTAL 

70-  
0 2 1  

0 S,, 

Fig. 2. Ambient total density fluctuations in Alewife Cove 
(mean + standard error). No samples were taken in October 

1978, and January, February and April 1979 

the other 2 (p < .05, a posteriori t-tests). Total abund- 

ance at S1 was greatest in May, at S11 in July 1978 and 

June 1979, and at SIII from September to December. At 

these times there were no significant differences in 

total abundance between the other two stations, and at 

no time was total abundance different at all 3 study 

sites. 

Most individual species abundances were also spa- 

tially and temporally variable (Fig. 3). Significant dif- 

ferences in abundance for 12 of the 16 species (Streb- 

lospio benedicti, Capitella spp., Peloscolex gabriellae, 

Polydora ligni, Hobsonia florida, Scoloplos fagilis, 

Eteone heteropopda, Nereis virens, Saccoglossus kow- 

aleski, Gemma gemma, Microdeutopus gryllotalpa, 

and Edotea triloba) were attributed to time and posi- 

tion, and the interaction between them (p < .05, two- 

way ANOVAs). No significant differences in abund- 

ance between stations and sampling periods were 

exhibited by Scolecolepides viridis, Corophium 

insidiosum, and Gammarus mucronatus, while 

densities of Spio setosa were significantly different 

only with respect to position in the estuary. 

In many cases individual species abundance pat- 

terns approximated seasonal and area1 trends of total 

abundance, especially in spring and summer 1979, 

when a majority reached maximum abundance. These 

peaks coincided with increased reproductive activity 

and many of the individuals collected during this 
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period were larvae and/or juveniles (personal observa- 

tions). Three species were found to be numerically 

dominant at particular stations: Peloscolex gabriellae 

at SI, Capitella spp. at SII, and Streblospio benedicti at 

SIII. Ambient total abundance fluctuations, in large 

part, reflected density fluctuations of these three 

species, which are detailed below. 

Peloscolex gabriellae attained highest densities dur- 

ing spring and summer at S1 (Fig. 3). Abundances at  S1 

were usually significantly higher than at S11 and SIII 

(p  < .05, one-way ANOVA), and differences between 

sampling periods occurred at S1 and S11 but not at SIII. 

Although Capitella spp. dominated at SII, its density 

fluctuated markedly, peaking during the spring and 

summer (Fig. 3). Sharp increases at S1 and S111 were 

also observed in June 1979. This species was usually 

most abundant at S11 and densities were significantly 

higher than at S1 and S111 (p < .05, a posteriori t-tests), 

except in September and December (no significant 

differences), and November (S111 densities signifi- 

cantly higher than S1 and SII). Significant differences 

between sampling periods were found at each study 

site (p  < .OS), one-way ANOVA). 

In contrast to the temporal patterns exhibited by 

Peloscolex gabriellae and Capitella spp. at sites where 

they were most abundant, Streblospio benedicti at SIII 

showed little variation in abundance throughout most 

of the study period. Although a one-way ANOVA indi- 

cated highly significant differences between sampling 

periods (p  < .001) in this area, an a posteriori t-test 

matrix showed that this result was due to 2 mo in 

particular (June 1978 and July 1979). At S1 and S11 it 

was found at relatively lower densities. 

Classification analysis of the ambient species data 

(Fig. 4)  revealed that species groups were formed 

primarily on the basis of spatial similarities and secon- 

darily by seasonal patterns of fluctuation within a 

station. The largest cluster (B) consisted of 6 species 

that either CO-occurred in greatest abundance at SI, or 

were restricted to SI. The cluster consisted of 2 smaller 

groups of species which exhibited similar patterns of 

seasonal fluctuation. One group contained species 

whose highest abundances were found in June 1979 

(Peloscolex gabriellae, Nereis virens and Gemma 

gemma), while the other group included species dis- 

playing population increases at  S1 during July 1979, 

and were generally present during most of the study 

period (Polydora ligni, Saccoglossus kowaleskl, Scolo- 

plos fragllis). Cluster B1, an  outlier of cluster B, con- 

sisted of only 1 species, Capitella spp. The outlying 

position reflected its marked population fluctuations at  

S1 and SII. Its addition to cluster B was probably due to 

a coincident period of peak population abundances in 

the spring and summer of 1979. 

Cluster A included the dominant species at SIII, 

d o  do do 7b $0 5b do 3'0 

% similari ty 

Fig. 4 .  Similarity dendrogram of species dens~ ty  fluctuations 
in ambient sediments. Species are clustered by the similarity 
of their occurrence and population density at the three study 
sites through time, based on data from all ambient cores. The 
criterium for combining clusters was average linkange. 
Groups were determined by visual inspection of the dendro- 
gram. SB Streblospio benedicti, C spp Capitella spp., PG 
Peloscolex ga briellae, PL Polydora Iigni, H F  Hobsonia 

florida, SF Scoloplos fragilis, EH Eteone heteropoda, NV 

Nereis virens, SV Scolecolepides viridis, SS Spio setosa, SK 
Saccoglossi~s kowaleski, GG Gemma gemma, M A  Mi- 
crodeutopus gryllotalpa, C1 Corophiclm insidiosum, G M  

Gammarus mucrona tus, ET Edotea triloba 

Streblospio benedicti and Edotea triloba, Hobsonia 

florida and Eteone heteropoda. These species exhi- 

bited peak densities during June and/or July 1979, at 

SIII (Fig. 3). Highest similarity was found in cluster D 

which was composed of amphipods (Microdeutopus 

gryllotalpa, Corophium insidiosum, and Gammarus 

rnucronatus). These species were absent during most of 

the study period but were found in relatively high 

densities at S11 in July 1979, especially Microdeutopus 

gryllotalpa. Cluster C comprised 2 species (Scole- 

colepides viridis, Spio setosa) which were found only 

at S1 during 2 and 4 sampling periods, respectively 

(Fig. 3). 

Recolonization 

No species exotic to Alewife Cove settled in the 

experimental plots at any of the study sites. Overall 

species composition was similar to ambient sediments, 
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and most species were found in experimental plots at 

each study site at least once during the study period 

(Fig. 6). Four species did not settle at certain sites: 

Scolecolepides viridis and Spio setosa at SIII, Sacco- 

glossus kowaleski at SII, and Hobsonia florida at S1 

and SII. Localized recolonization of these 4 species was 

similar to their localized distributions in ambient sedi- 

ments, while estuarine-wide occurrence in ambient 

sediments of the other species coincided with recoloni- 

zation of sand and/or mud plots throughout the Cove. 

Patterns of Total Abundance 

Total recolonization, in both sand and mud plots, 

varied significantly on a spatial and temporal basis 

(two-way ANOVA, p < 0.001). However, within a 

sampling period there were few cases of significant 

differences between replicate plots (Zajac, unpubl. 

data available upon request), indicating that despite 

large area1 and seasonal differences, recolonization 

within a habitat and a particular time was relatively 

uniform in disturbed patches. 

In general, total recolonization was greatest during 

the spring and summer months at all stations and 

sediment types (Fig. 5). Responses declined at S1 and 

Fig. 5. Total recolonization densities in Alewife Cove (mean 
f standard error). The histogram surrounding each month's 

data is used for clarity 

S11 during fall and early winter, while at SIII recoloni- 

zation continued to be relatively high. The lowest 

recolonization at S111 occurred in May. While the initia- 

tion of an active spring-summer period in 1979 was 

evident by May at S1 and SII, responses at S111 did not 

begin to increase until June. The highest responses at 

S1 and S11 were found in June 1979 and at SIII in July 

1979. 

Between-station differences in total recolonization 

were significant during all of the sampling periods, 

except December 1978 in sand plots and July 1978 in 

mud plots (one-way ANOVA, p<.05). At both of these 

times full sets of samples were not obtained at  SI. In 

July 1978 mud plots were lost due to human disturb- 

ance, and in December neither sand or mud plots were 

sampled due to ice formation. Temporal differences in 

total recolonization were also highly significant within 

each station (p<.05, one-way ANOVA). Specific pat- 

terns of spatial and temporal variation were analysed 

in detail elsewhere (Zajac, 1981), but on an  overall 

basis recolonization was usually significantly higher at 

S11 and/or S111 than at SI, and temporal variation in 

recolonization was greatest at S1 and progressively 

decreased at S11 and SIII. 

Species Recolonization Patterns 

Species' responses to disturbances were highly vari- 

able in both sands and muds (Fig. 6).  Two-way 

ANOVAs showed that significant differences in 

species-specific recolonization could be attributed to 

both estuarine position and seasonality (p<.05). The 

exceptions to this pattern were Spio setosa, which was 

found only once in sand plots (July 1978) and mud 

plots (May 1979), Gemma gemma, which exhibited no 

differences with respect to position in the estuary in 

mud plots, and Gamrnarus rnucronatus, which exhi- 

bited significant differences only due to seasonality in 

sand plots. Overall, highest recolonization abundances 

were attained by species which numerically domi- 

nated ambient sediments (Streblospio benedicti, 

Capitella spp. and Peloscolex gabriellae). 

Streblospio benedicti exhibited significant temporal 

differences in response both within and between sites 

(p<.01, one-way ANOVAs). Recolonization was usu- 

ally higher (pc.05, a posteriori t-tests) at  S111 than at  

the other study sites (Fig. 6). While responses of this 

spionid declined during fall and early winter at  S1 and 

SII, at SIII Streblospio benedicti continued to settle into 

disturbed plots in  relatively high densities. Its overall 

pattern at S111 represented the longest sustained high 

density response to disturbance observed during the 

course of the study. At S11 significant peaks occurred 

also in August 1978 and July 1979, while at S1 a 

significant response occurred only in August 1978. 

Capitella spp. also displayed a highly variable recol- 

onization pattern (Fig. G ) ,  recolonizing in high 
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densities only during the spring and summer of 1979. 

Prior to this time (June-December 1978) recolonization 

was relatively low at each station. However, signifi- 

cant increases occurred at SIII in November and 

December and abundance also rose sharply in May. 

The highest pulse of larval settlement into the experi- 

mental plots during the entire study was exhibited by 

Capitella spp. in June 1979, at S1 (muds) and at S11 

(sands and muds). 

Recolonization by Peloscolex gabriellae was usually 

greatest at S1 and S11 (Fig. 6). Regular settlement into 

the experimental plots at SIII did not begin until 

November and significant peaks occurred in May and 

June 1979 ( a  posteriori t-tests, pc.05). At S1 and SII, 

recolonization densities peaked in the spring and sum- 

mer of 1979: in May at SI, and in June at SII. These 

peaks accounted for the highly significant seasonal 

differences at these stations (p<.001, one-way 

ANOVAs). 

The spionid Polydora ligni also recolonized at high 

densities on a fairly regular basis (Fig. 6). Initially, 

highest responses occurred at S11 and were signifi- 

cantly greater than at S1 and SIII (pc.05). Responses 

were low from September through May. Recoloniza- 

tion increased at all stations during June 1979 and 

peaked in July 1979. At this time, densities at S11 were 

equivalent to the previous summer, but at S1 recoloni- 

zation densities were significantly higher than previ- 

ously found at this location. Responses at SIII were 

relatively low during the entire study period, and usu- 

ally significantly lower than at S1 and SII. 

Other species also recolonized the plots in relatively 

high densities. For example, Scoloplos fragilis was the 

most abundant species in sand plots at S1 in July 1978 

(Fig. 6). Relatively high numbers of Nereis virens in 

May, and Saccoglossus kowaleski in June and July 

1979, also occurred at SI. At SII, Microdeutopus gryl- 

lotalpa and Corophium insidiosum were abundant in 

July 1979. At SIII, Hobsonia Florida was the most abun- 

dant colonist in sand plots in June 1979, and continued 

to respond in high densities the following July (Fig. 6). 

Classification analysis further compared recoloniza- 

tion patterns. Six clusters were generated (Fig. 7), all at 

low levels of similarity, with the clustering pattern 

reflecting highly significant species-specific area1 and 

seasonal interaction obtained previously. 

Cluster A comprised 4 species which recolonized 

primarily at SIII. Streblospio benedicti was included 

within this group despite its significant responses at S11 

during the summer of 1978. 

Species in Clusters B and C exhibited recolonization 

mainly at S1 and SII. The clusters are separated on the 

basis of time and place of peak response. For example, 

species in Cluster B recolonized primarily in May and/ 

or June 1979, while species forming Cluster C were 

% similarity 

Fig. 7. Similarity dendrogram of species recolonization fol- 
lowing disturbance. For each species, data from all sand and 
mud core samples were combined and used in the analysis. 
Clustering method and species symbols same as for Fig. 4 .  

found at highest recolonization densities primarily in 

July 1979. Polydora ligni and Scoloplos fragilis also 

exhibited significant peaks in July 1978 and August at 

SII, and in July 1978 at SI, respectively. Saccoglossus 

kowaleski and Gammarus mucronatus responded on 

short-term basis only during the spring and summer of 

1979. 

Cluster D comprised two amphipod species which 

recolonized at low densities during most of the study, 

except in July 1979 at SII. The remaining clusters, E 

and F, included Gemma gemma and Spio setosa 

respectively. Spio setosa was a poor recolonizer at all 

stations and was found only twice in the short-term 

plots at  very low densities. Gemma gemma recol- 

onized consistently, but also at low densities. 

Sediment Effects, Comparisons to Ambient Dynamics 

In general, there were few significant differences in 

total and species-specific recolonization between 

sands and muds, and in many cases these were not 

significantly different from total ambient infaunal 

densities (Table 3). Exceptions to this trend occurred 

only during periods of very high response when higher 

densities of infauna colonized mud plots. For example, 
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TabIe 3. Results of one-way ANOVAs testing density differences between ambient sediments (A), sand recolonization (S) and 
mud recolonization (M) plots. Corresponding a posteriori t-test matrix results are presented below the ANOVA entries 

Species M o n t h  
Jun Jul Aug S ~ P  Nov. Dec May Jun 

... Streblospio benedicti . . S . .  NS NS NS NS 
MSA =A M= - SMA 

Ns l ... ... Capitella spp. . . NS NS NS . . NS 
SMA =A S M  - SAM S M  - ... . . . . . . m  Peloscolex gabrielli . . NS NS NS NS 
SM A - SMA =A %MA S W  

... ... ... ... Polydora Iigni NS NS NS . . 
SMA - SMA =A =A - SMA =A 

Hobsonia florida NS NS NS NS NS NS + NS NS 

Scoloplos fragilis . . N S . . NS 
SMA M S  - 

Eteone heteropoda NS . . NS 
SMA $&lA - 

Nereis virens . . NS NS + 
SMA - 

Scolecolepides viridis + NS + + 

Spio setosa NS NS + + 

NS NS . . NS 
SMA S N  - - 

+ NS NS + . . 
S& 

+ + NS NS NS 

Saccoglossus kowaleski + + + + NS + + NS 

SAM - 
Gemma gemma a . .  . . NS + NS + S . .  NS a . .  

SMA SMA - SMA - SMA 

Microdeutopus anomalus + NS NS NS NS NS NS NS NS 

Corophium insidiosum NS NS NS NS NS NS NS + NS 

Gammarus mucronatus + NS NS + NS NS NS NS NS 

Edotea triloba + NS NS NS NS + + NS 
MSA - - 

... Total density NS NS NS NS ,0897' ,0728' 

SMA - - SMA - S W  S& S m  - - 

For ANOVA, ' = p c .05,  ' ' = p < . O l ,  ' " = p < ,001; NS no significant differences, + no individuals found. For t-tests, a 
line connecting any 2 treatments indicates no significant differences (p  > .05) in density. See text 

recolonization from May through July 1979 in mud 

plots was higher than in sand plots. In July the differ- 

ence was significant at pC.05, but in May and June the 

trend was significant only at p<.08 and p<.07, respec- 

tively. 

Besides similarity between ambient and recoloniza- 

tion densities, patterns of between-station and 

between-season variability in total density were also 

similar. Seasonal variability progressively decreased 

from S1 to S111 for ambient and experimental abund- 

ances and between-station differences were equiva- 

lent on the basis of where peak ambient and recoloni- 

zation densities were found during a particular time 

period. 

Opportunism 

Initial responses of infauna to disturbance may be 

determined by the availability of colonists, or by life 

history features which enable a species to preferen- 

tially settle into and exploit disturbed habitats (i.e. 

opportunism). Results in Table 3 can be used to 

analyze which species behaved in an opportunistic 

manner. Opportunism was defined as a species signifi- 

cantly increasing its population size above ambient 

levels following a disturbance. One assumption in this 

analysis is that maximum responses would be detected 

after the 4 to 6 wk sampling periods. This was tested in 
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the June and July 1978 samples, and maximum 

densities were found after 4 wk, July, rather than 2 wk, 

June. Thistle (1980) has used this type of comparison to 

assess exploitation of small-scale disturbances by har- 

pacticoid copepods, while other workers (e.g. Grassle 

and Grassle, 1974; McCall, 1977) have analyzed 

species responses on the basis of life history features. 

Of those species which recolonized the plots in rela- 

tively high numbers, only Polydora ligni exhibited 

densities that were significantly higher than ambient 

levels after most sampling periods (Table 3, Fig. 3 and 

6). This spionid has been characterized as an oppor- 

tunistic species in other studies (Grassle and Grassle, 

1974; Simon and Dauer, 1977; Pearson and Rosenberg, 

1978). In contrast, responses of Streblospio benedicti 

and Capitella spp., also characterized as opportunists 

(e.g. Grassle and Grassle, 1974; McCall, 1977), were 

not significantly different from ambient population 

densities during most of the study period, and at times 

their responses were significantly below ambient 

densities (Table 3, Fig. 3 and 6 ) .  

Peloscolex gabriellae also colonized the plots in 

high numbers but these responses were always either 

significantly lower or not significantly different from 

ambient levels. For species which responded at moder- 

ate or low levels, there were few significant differences 

in population densities between experimental and 

ambient sediments (e.g. Hobsonia florida, Scoloplos 

fragilis, Microdeutopus gryllotalpa, Gammarus muc- 

ronatus and Edotea triloba), or recolonization densities 

were significantly below ambient densities, (e.g. 

Gemma gemma and Scoloplos fragilis) (Table 3). How- 

ever, there were cases when species with relatively 

low recolonization densities responded at levels which 

were significantly greater than ambient population 

levels (Eteone heteropoda in July and August 1978, 

and Nereis virens and Scolecolepides viridis in May 

1979). 

DISCUSSION 

Similar to other studies describing estuarine soft- 

bottom benthos (e.g. Sanders et al., 1965; Boesch, 1973, 

1977; Santos and Simon, 1974; Watling, 1975; Boesch 

et al., 1976), Alewife Cove's infauna displayed spatial 

and temporal variation in ambient community struc- 

ture. Species responses to controlled disturbance were 

also highly variable. In addition, patterns of recoloni- 

zation were usually synchronous with, and in the same 

direction as, changes in ambient population levels 

within the estuary. If ambient populations are 

experiencing high rates of expansion then the produc- 

tion and supply of potential colonists is also high, and 

disturbed habitats can be recolonized at high rates. In 

this manner, simultaneous ambient population expan- 

sion and high recolonization can be realized. However, 

Hannan (1981) has shown that 'availability of larvae 

for recruitment does not necessarily determine settle- 

ment', and in this study there were several cases when 

this relationship did not occur (e.g. Capitella spp. at S11 

in June and July 1978). These differences are ad- 

dressed in a companion paper (Zajac and Whitlatch, 

1982). 

Due to the apparent relationship between ambient 

and recolonization dynamics, variability in recoloniza- 

tion may be explained by abiotic and biotic factors 

affecting ambient dynamics, and hence the production 

and supply of colonists. For example, most of the 

species found during this study are surface- or near- 

surface deposit feeders, and their food resources would 

be affected by processes such as sedimentation, resus- 

pension and transport of particulate organic matter 

(Rhoads, 1973; Tenore, 1977; Wolff, 1977). Various 

results from this study suggest that levels of food 

resources may be critical, including very high numbers 

of individuals per core, differences in density between 

ambient sediments and experimental plots, and a 

species pool whose members have overlapping food 

resource utilization patterns (Whitlatch, 1980). 

In Alewife Cove, sedimentation, resuspension and 

pulses of allocthonous organic inputs fluctuate consid- 

erably on a seasonal and area1 basis (Table 1). During 

the study, the strongest seasonal pulse of sedimenta- 

tion in the middle (SII) and upper (SIII) basins of the 

Cove occurred in the spring due to increased freshwa- 

ter inputs and ice melt (Welsh and Whitlatch, 1980). 

Sedimentation peaked in the area of S11 in March 1979, 

just after the thaw, coinciding with the significant 

increases in ambient and experimental densities found 

after April and May in this area and SI. Sedimentation 

peaked later in the spring at SIII (July 1979, Welsh and 

Whitlatch, 1980), coinciding with increases in ambient 

and recolonization densities in this area. This pattern 

suggests that with the onset of reproductive activity, 

likely related to temperature (e.g. Clark 1979), there is 

a concomitant increase in the supply of food resources, 

perhaps increasing juvenile and adult survival and/or 

providing adequate resources to sustain a significant 

increase in larval production. Of the 16 species ana- 

lyzed, 14 reached maximum ambient and experimen- 

tal population densities during the spring and early 

summer (Fig. 3 and 6 ) .  Many of the individuals sam- 

pled at this time were juveniles (personal observa- 

tions), indicating increased reproductive activity. 

During the remainder of the year, freshwater runoff 

was sporadic, causing sedimentation and flocculation 

associated with the mixing zone to vary (Welsh and 

Whitlatch, 1980). There was, however, a significant 

positive correlation between freshwater flow and 

sedimentation in the upper basin of the estuary (Welsh 
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and Whitlatch, 1980). Relatively high amounts of rain- 

fall during October and November 1978 increased 

freshwater inputs into this area and sedimentation 

rates also increased. Ambient infaunal densities and 

recolonization increased significantly in this area dur- 

ing the fall and early winter relative to S1 and SII. This 

may also explain why there were more temporally 

stable infaunal densities at SIII. 

These correlations suggest sedimentation and resus- 

pension, as mediated by water flow, affected potential 

food resources for the benthos and influenced ambient 

community dynamics and recolonization. Sedimenta- 

tion at S1 was not studied but it is probable that similar 

effects take place in this area of the estuary. 

Gross sediment characteristics were not found to 

exert an overwhelming influence on recolonization, 

suggesting that between-site differences in ambient 

dynamics were independent of sedimentary factors. 

Most species in the estuary were eurytopic with 

respect to sediment composition. Sediment effects 

were observed only at times of high recolonization 

(e.g. spring and early summer), when mud plots usu- 

ally contained higher densities of infauna than sand 

plots. Muddy sediments may have more available food 

resources (e.g. Whitlatch, 1980), and Thistle (1981) has 

suggested that infaunal species may respond to 

resource conditions generated by a disturbance, as 

opposed to a reduction of their competitors. 

The physical and biological processes discussed are 

by no means the only factors that could cause varia- 

tions in responses to disturbance. They are, however, 

examples of how fluctuations in physical factors, and 

their effects on estuarine infauna, can account for the 

spatial and temporal fluctuations observed in this 

study. Patterns of benthic recolonization have been 

shown to be variable in other studies (e.g. Dauer and 

Simon, 1976; Guerin and Masse, 1976; Richter and 

Sarnthien, 1977; Santos and Simon, 1980 b). These 

variable responses to disturbance, because of their 

prevalance, constitute a 'pattern' which should be 

incorporated into hypotheses concerning estuarine and 

marine recolonization. 

Much of the theoretical focus has been on species 

adaptive strategies, especially in relation to life history 

characteristics (Grassle and Sanders, 1973; Grassle 

and Grassle, 1974; McCall, 1977; Pearson and Rosen- 

berg, 1978; Santos and Simon, 1980 b; Thistle, 1981). A 

central concept is that species with r-selected life his- 

tory traits have adapted to respond in an opportunistic 

fashion following a disturbance, and will dominate the 

initial stages of succession (e.g. Grassle and Grassle, 

1974; McCall, 1977). Several of the species (Strebols- 

pio benedicti, Polydora ligni and Capitella spp.) found 

in Alewife Cove have been designated as opportunists 

in previous studies (see Pearson and Rosenberg, 1978). 

However, only Polydora ligni displayed opportunistic 

responses by significantly increasing its population 

levels in the experimental plots above ambient levels. 

Streblospio benedicti and Capitella spp. responded in 

high densities during a number of exposure periods, 

similar to responses observed in other studies, but 

relative to ambient population levels there were few 

indications of exploitation. Several species (Eteone 

heteropoda, Nereis virens, Scoloecolepides viridis) 

exhibited opportunistic responses even thouh their 

densities were relatively low. (Their life history traits 

would probably not be characterized as r-selected 

according to current hypotheses.) Consequently, the 

species in Alewife Cove, which are typically found in 

estuarine environments (e.g. Boesch, 1973; Watling, 

1975; McCall, 1978), generally did not exhibit oppor- 

tunistic responses to disturbances of the scale simu- 

lated by the experimental plots. Rather, a wide range 

of responses was exhibited by all the species. 

Our results suggest that the extent of a species recol- 

onization may be primarily dependent on ambient 

population fluctuations. Large increases in ambient 

populations during the spring and summer coincided 

with peak recolonization episodes, while lower 

ambient densities in the fall and winter coincided with 

decreased responses to disturbance. Further, classifi- 

cation analyses indicated that similarities in species 

responses were based on when and where the greatest 

recolonization took place, not on the overall mag- 

nitude of the response (Fig. 7). Dependence on local 

ambient dynamics is reflected in the fact that ambient 

species groups were almost identical to those formed 

from the recolonization data (Fig. 4 and 7). In addition, 

species included within most of the groups have varied 

life histories (see Olive and Clark, 1978 for 

polychaetes; Nelson, 1980 for amphipods), suggesting 

that initial dynamics of recolonization may depend 

more on spatial and temporal environmental variabil- 

ity than the responses of species with a particular suite 

of life history characteristics. Designation of infaunal 

species as 'opportunistic' may be highly dependent on 

historical features of a particular habitat. 
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