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The response of a harpacticoid copepod community 
to a small-scale natural disturbance 

by David Thist]e1 

ABSTRACT 
Evidence is accumulating that natural disturbances can influence marine hard-bottom com-

munities. The importance of disturbances in marine soft-bottom communities is less well known, 
particularly where the disturbed patch is small. In a subtidal site off the F lorida panhandle 
(29° 54.0' N, 84° 37.8' W), enteropneusts (Ptychodera bahamensis) create numerous fecal mounds 
(median diameter is 5 cm) on the sediment surface. In these mounds, harpacticoid copepods are 
seven times lower in abundance than they are in background samples. A field recolonization 
experiment shows that after 23 hrs 10 min mound densities no longer differ from background 
densities. Fou1ieen of sixteen harpacticoid species never become disproportionately abundant 
during the recolonizati on of the mound, suggesting that this source of small-scale disturbance 
does not play a detectable role in their life histories. However, two species, Pseudobradya c.f. 
exilis and Robertgurnya rostrata become disproportionately abundant during the recolonization 
of the mounds, suggesting that they could be exploiting the opened habitat space. 

1. Introduction 

In marine hard-bottom communities, natural disturbances open habitat space 
which permits nondominant species to persist in the community (Dayton, 1971; 
Paine, 1974, 1979; Osman, 1977; Connell, 1978). In marine soft-bottom com-
munities, natural disturbances such as red tides (Simon and Dauer, 1972), hurri-
canes (Boesch, Diaz, and Virnstein, 1976), and storms (Rees, Nicholaidou, and 
Laskaridou, 1977) create large areas of markedly reduced faunal densities. In some 
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communities, a guild of species has evolved which exploits such patches during the 
period before the reestablishment of the background fauna (Grassle and Grassle, 
1974; McCall, 1977). 

Disturbances also occur in soft-bottom habitats at smaller spatial scales, e.g. crab 
holes, ray pits, worm fecal mounds. Some of these disturbances have biological im-
pact (Fager, 1964; Orth, 1977; Woodin, 1978; Virnstein, 1979), but the conse-
quences for the community of these patches of opened habitat are not well known 
(Rhoads, McCall, and Yingst, 1978). In particular, the natural sources of small-
scale disturbance are incompletely catalogued; the time that the effect of a dis-
turbance persists needs to be measured; and the existence of species exploiting 
disturbed patches needs to be determined. 

In this paper, I show that enteropneust (acorn worm) fecal mounds are a type of 
natural small-scale disturbance in a marine soft-bottom community. These disturbed 
patches rapidly return to background conditions. Most species of harpacticoid cope-
pods show no differential response to the patch during its recovery, but two species 
have abundance patterns consistent with the hypothesis that they are exploiting the 
opened space of the recovering mound. 

Enteropneusts occur commonly intertidally and subtidally in sediments. Most are 
between 9 and 45 cm in length, and inhabit nonpermanent, u-shaped burrows 
(Barnes, 1968). They ingest sediment which, after passing through the gut, is epi-
sodically extruded on the sediment surface as a fecal cast. The casts accumulate over 
the anal opening of the burrow forming a mound. Harpacticoid copepods are mobile, 
predominantly benthic crustaceans typically less than 2 mm in adult body length 
(Kaestner, 1970). They are abundant in marine sediments. 

2. Locality 

This study was conducted in an unvegetated area on the edge of a seagrass mead-
ow in St. George Sound, Florida (29° 54.0' N, 84° 37.8' W). The study site was 
300 m offshore; its depth varied from 1.4 to 1.8 m. The sediment was a fine sand 
(mean particle size = 0.020 mm, mean total organic matter by weight = 0.57 % ). 

3. Materials and methods 

Two permanent transect lines 3 m apart and 10 m long defined the site. The lines 
were marked at 10 cm intervals. Together with a movable cross line, the transects 
formed a set of Cartesian coordinates between which positions could be determined. 
I quantified mapping accuracy by measuring the coordinates of twelve haphazardly 
placed stakes on two successive days. The median down-transect error was 1.5 cm 
(range= 0-5 cm); the median across-transect error was 2 cm (range= 0-8 cm). 

Using this coordinate system, enteropneust (Ptychodera bahamensis) fecal mound 
positions and diameters were measured in June, September, and October, 1978, and 
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May and August, 1979. Mounds within 10 cm of the permanent transect lines were 
omitted to minimize the potential effect of artifacts associated with the transect lines. 

To show the vertical and horizontal distribution of harpacticoids in Ptychodera 
mounds, I took transects of eight contiguous l -cm2 square cores in each of two 
active mounds. Four cores were placed inside the mound and 4 cores extended out 
into sediment not yet covered by fecal casts. The mounds were approximately 5 cm 
in diameter and 1-2 cm high so that the 1-2 cm layer in the samples taken within 
the mound was the 0-1 cm layer buried by fecal material (Table 1). 

Table 1. Total harpacticoid numbers in each of three layers in contiguous 1-cm• cores. Samples 
1-4 were taken inside Ptychodera mounds. The core nearest the edge of each mound (4) has 
an abundance level intermediate between the mound and background conditions. 

Replicate 
Sample 2 3 4 5 6 7 8 
Layer (cm) 

0-1 5 1 3 11 61 56 23 34 
1-2 0 0 1 10 4 6 
2-3 0 0 0 2 2 2 

Replicate 2 
Sample 2 3 4 5 6 7 8 
Layer (cm) 

0-1 4 1 2 8 14 10 5 15 
1-2 3 0 0 2 1 3 1 
2-3 0 0 0 0 0 1 0 

To document the low harpacticoid abundance in Ptychodera fecal mounds rela-
tive to ambient sediment, I sampled as follows. Within the region defined by the 
transect lines, eight active Ptychodera mounds were located. (Divers learned to 
recognize fresh fecal casts which indicated that a mound was still being added to by 
a worm.) In addition, mounds were chosen to have similar dimensions (5-6 cm 
diameter, approximately 1 cm high at the center). A 5-cm2 core was taken about 
25 cm away from each mound at a haphazardly selected location in a macroscopi-
cally featureless area. In both mound and background samples, the 0-1 cm and 
1-2 cm layers were processed for harpacticoids. 

The recolonization of Ptychodera fecal mounds could not be studied using un-
manipulated mounds because the exact time when a worm ceased depositing fecal 
material on the mound (i.e. disturbing the mound) could not be determined by in-
spection. This fact precluded the ordinary technique of studying a time series with 
destructive sampling (e.g. Virnstein, 1977). To circumvent this problem, I developed 
a method of emplacing Ptychodera mounds which were active until they were moved. 
A 5-cm inner diameter metal cylinder was centered over an active mound and in-
serted 4 cm into the sediment. The top of the cylinder was stoppered and a stainless-
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steel plate slid beneath the cylinder so that an active, essentially undisturbed, mound 
without a Ptychodera individual was removed from the substrate together with the 
sediment beneath it. The cylinder containing the "moved mound" was placed in a 
6.35-cm diameter by 4-cm deep hole about 25 cm from the active, but unmoved 
(= "stationary") mound described above. The hole was made using a 6.35-cm outer 
diameter core of which the lower edge had been beveled outward and was surrounded 
by a sleeve milled to fit. The device was inserted 6 cm into the sediment, the core 
was capped and removed. When the core was pulled from the sleeve, any sediment 
which leaked from the core was caught on a plastic shield surrounding the sleeve 
so as to avoid contamination of the surrounding substrate. Fluidized sediment 
flowed in from below the sleeve. This material was excavated with a baster to a 
depth of 4 cm. The cylinder containing the moved mound was then emplaced and 
unstoppered. The sleeve was removed allowing sediment to collapse around the 
moved-mound-containing cylinder. Finally, the cylinder was removed. 

I tested for experimental artifacts associated with the mound emplacement by 
taking a third sample per replicate in addition to the active-mound and background 
samples described above. In each replicate, a second active mound was found within 
1 m of the first. It was removed from the substrate and emplaced about 25 cm from 
the active mound and sampled immediately using a 5-cm2 corer; the core was sliced 
into these layers: 0-1, 1-2, 2-3, 3-4, 4-5 cm. 

To study harpacticoid recolonization of moved mounds, four l-m2 sites, which 
lacked surface indications of recent disturbance and which contained no Ptychodera 
mounds, were selected in the general region of the transect lines. Two stainless-steel 
stakes extending 2 cm above the interface marked the diagonal comers of each site 
(Fig. 1). These stakes were used to position a frame which supported a meter-square 
monofilament grid with l-cm2 square openings marked off as a coordinate system. 
With the 10-cm vertical frame supports placed in the stakes on a site, the grid and 
a plumb bob permitted accurate relocation of positions without disturbance of the 
study site and with only the two stakes left on the site while the experiment was 
running. 

The design of the field experiment was based, in part, on preliminary data which 
showed that moved mounds appeared to return to background levels of harpacticoid 
abundance within at most five days. Because I wished to sample twice on day 1 
and day 2 of the experiment and to allow for disturbances, making a particular 
moved mound unusable, I emplaced 8 mounds per site. Also, from preliminary 
work, it was clear that no more than four such sites could be set up in a single diving 
day. 

Within each site, sample locations occurred in pairs, i.e. a moved mound (an em-
placed, active mound) and a background (Fig. 1). The pairs were arranged so as to 
form two lines 30 cm apart and perpendicular to an imaginary line connecting the 
two stakes. The stakes were 50 cm from the nearest sample location and their poten-
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Figure 1. Schematic depiction of an experimental site. Small circles represent the locations of 
stainless-steel stakes used to position the coordinate system frame. Large filled circles are 
locations of background samples; large empty circles are emplaced-mound locati ons. 

tial effects were counterbalanced in this design; therefore, they were unlikely to in-
fluence the results. Approximately 14 cm separated the centers of the sample loca-
tions. Four sites were set up. 

Background and moved-mound location pairs were randomly assigned to sampling 
times in each site. Moved mounds to be sampled at time one were emplaced in each 
site followed in the same order of sites by those for time two and so on. This sequen-
tial emplacement method prohibited simultaneous emplacement of moved mounds 
which replicated a specific period of recolonization. To compensate, samples were 
taken in the same order and at approximately the same pace as the emplacements 
to ensure that replicates were in place for similar lengths of time before they were 
sampled. Moved mound and background samples were taken to 1-cm depth using a 
10-cm2 corer. Samples for time one were taken immediately after the moved mound 
was emplaced. Samples for time two were taken 3 hr 40 min after emplacement. 
Samples for time three at sites 1 and 2 were taken 21 hrs 15 min after emplacement. 
Those at sites 3 and 4 were sampled after 23 hrs and 10 min because an electrical 
storm forced us off the water. Samples for time 4 were taken after 28 hrs 5 min. 
Samples for later times were not processed (see Results). 

All sampling was done by SCUBA divers. Immediately upon recovery of a sam-
ple, the top 1 cm of sediment was extruded, sliced off, and preserved in 10% form-
aldehyde solution together with the overlying water. If lower layers were taken, 
they were processed as above (excluding the overlying water) . In the laboratory, the 
harpacticoids were quantitatively concentrated in the fine sediment fraction using 
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a sorting trough (Barnett, 1968) and caught on a 0.063 mm sieve. The median ex-
traction efficiency was 100% (N = 6). The harpacticoid copepods were stained with 
rose bengal, sorted under a dissecting microscope, identified to working species, and 
counted. Only adults and copepodite stage V's could be reliably identified. They 
constituted 7 4-79 % of the harpacticoids. 

No published keys are available for routine identification to species of harpacti-
coids from the northeastern Gulf of Mexico. Therefore, a working key has been 
developed and used to determine fifth and sixth stage copepodites to working spe-
cies. Using Wells' (1976) and Coull's (1977) keys and the appropriate taxonomic 
literature, the species have been placed to genus. Formal taxonomic treatment is 
proceeding in parallel with the ecological work (e.g. Thistle, in press). 

The granulometry was done by wet sieving the sand fraction at 0.5 phi intervals, 
and determining the total silt plus clay weight. Total organic matter was determined 
by weight loss on combustion at 500°C for 24 hrs (Byers, Mills, and Stewart, 1978). 
In statistical tests, the 9 5 % significance level has been used throughout. 

4. Results 

Ptychodera. Ptychodera mounds are conspicuous features of the sediment surface 
on this subtidal site at all times of year. The 28-m2 study area contained between 
36 and 64 mounds (Table 2). The median abundance was 1 per 1-m square, but 
ranged from O to 8 per 1-m square. The median individual mound diameter was 
5 cm. The largest mound was 12 cm in diameter. Mounds occupied between 0.24% 
and 0.76% of the study area although the coverage in the densest 1-m squares 
ranged from 1.19% to 2.88% . 

These figures underestimate the impact of Ptychodera because individuals aban-
don fecal mounds and create new ones daily on the average. I mapped mound posi-
tions and diameters on two successive days four times. In the twenty-four hours 
between mappings, between 0.30% and 0.51 % of the total available area was newly 
affected by Ptychodera mounds. These values are comparable to those measured at 
a single point in time. If one assumes that these values can be taken as estimates of 
the annual average movement rate and that no site is occupied more than once, 
then the entire 28-m2 sample site should have been covered by Ptychodera feces 
within 196 to 333 days. 

Preliminary studies. Preliminary data suggested that harpacticoid abundances in the 
0-1 cm layer were lower within active Ptychodera fecal mounds than in background 
sediment. The analysis of paired background and stationary-mound samples (Table 
3) showed that the total number of harpacticoids found in mounds was significantly 
lower than that found in background samples (p = 0.005, one-tailed Wilcoxon 
signed-rank test, Tate and Clelland, 1957). The median abundances differed by a 
factor of seven, and there was no overlap in the ranges. 



Table 2. Ptychodera mound coverage statistics. Thirty quadrats were surveyed. The quadrats were 1 meter square except that a 
10-cm border along each permanent transect line was omitted making the total area studied 28 m' . 

1978 1979 

June 1 June 2 Sept. 21 Oct. 3 Oct. 4 May 14 May 15 Aug. 2 Aug. 3 

Number of mounds 40 36 45 46 52 64 50 41 48 
Median number of mounds 

per quadrat, 1 1.5 1 2 2 2 1 
range 0-7 0-6 0-5 0-8 0-5 0-5 0-5 0-5 0-6 

Median mound diameter (cm), 6 5.5 4 4 5 6 6 5 5 
maximum diameter 11 12 10 9 11 10 16 9 10 

Total area covered by 
mounds (cm') 1397 1092 940 675 1166 2119 1834 808 1232 

Percent of the area 
covered by mounds 0.50 0.39 0.34 0.24 0.42 0.76 0.66 0.28 0.44 

Densest coverage (%) 2.88 2.45 1.70 1.19 1.66 2.09 2.40 1.50 1.89 
New area covered per day (%) 0.30 0.39 0.51 0.41 
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Table 3. The total number of harpacticoid copepods (excluding Apodopsy/lus vermiculiformis, 

see text) taken in 5-cm' cores. 

Stationary 
Ptychodera Background Moved Ptychodera 

mounds samples mounds 

Layer (cm) 0-1 1-2 0-1 1-2 0-1 1-2 2-3 3-4 4-5 

Replicate 
1 5 1 36 3 0 0 0 0 

2 6 0 41 5 0 0 0 

3 3 28 3 1 1 1 0 

4 6 0 25 3 8 0 0 0 

5 4 2 58 0 3 0 0 1 0 

6 2 57 3 4 1 0 0 0 

7 9 0 69 2 3 0 0 0 0 

8 8 2 34 4 2 2 0 0 0 

Total 43 7 348 17 29 5 1 3 0 

Median 5.5 1.0 38.5 2.0 3.5 0.5 0.0 0.0 0.0 

In order to study the recolonization of these patches of low harpacticoid abun-
dance, I required assurance that experimentally emplaced Ptychodera mounds 
mimic naturally occurring mounds in terms of their harpacticoid fauna. I tested for 
three types of experimental artifacts: (1) the presence of large numbers of harpacti-
coids buried beneath the moved mound, (2) a difference between stationary and 
moved mounds in total harpacticoid numbers, and (3) any trend for harpacticoid 
species to be consistently more abundant in either stationary mounds or moved 
mounds. If the emplacement buried harpacticoids, i.e. contaminated the lower 
layers, surface-dwelling species should be found at depth. The depth-distribution 
data showed that only four individuals of surface species were buried, i.e. fewer 
than one per replicate (Table 3). Apodopsyllus vermiculiformis was abundant at 
depth (Table 4). However, this species has a morphology typical of an interstitial 
species, e.g. an elongate body and reduced pereopods (Svedmark, 1964). This spe-
cies is in low abundance in the surface layers (Table 4). Its presence at depth did 
not result from a contamination of the lower layers with a surface-dwelling species, 
but reflects Apodopsyllus' normal distribution. The total harpacticoid abundances 
in moved mounds did not differ significantly from those in stationary mounds 
(p> 0.20, Wilcoxon signed-rank test, N = 8, Tate and Clelland, 1957). Finally, if 
species were unaffected by the manipulation, then the number of species whose 
abundances were greater in moved mounds should not have differed significantly 
from the number whose abundances were greater in stationary mounds on the aver-
age. There was no reason to reject this null hypothesis (sign test, N = 10, Tate and 
Clelland, 1957). 

The recolonization experiment. The abundances of total harpacticoids in moved 
mounds at times 1 and 2 were significantly lower than the abundances in background 
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Table 4. The abundance of the interstitial species Apodopsy/lus vermiculiformis in moved-
mound, stationary-mound, and background 5-cm2 samples. Counts are total individuals 
summed over eight replicates. 

L ayer (cm) 

0-1 
1-2 
2-3 
3-4 
4-5 

Moved mound Stationary mound 

0 

3 3 
9 

6 

3 

Background 

2 

2 

samples; at times 3 and 4, moved-mound samples did not differ significantly from 
background samples (two-tailed paired t test, square root transformed data, Sokal 
and Rohlf, 1969). From these results, it appears that harpacticoid numbers reached 
background levels by time 3 (less than 24 hr after initiation). 

If a species exploited the reduced harpacticoid density in Ptychodera mounds, it 
should be disproportionately abundant in the mounds compared to its background 
proportion. To test for this effect, the data were combined into two sets by pooling 
site 1 with site 3 and site 2 with site 4. The sites to be pooled were chosen randomly 
with the constraint that site 3 not be paired with site 4 so as to counterbalance for 
the small difference in recolonization interval. The site 1 + 3 data (see Table 5) were 
chosen randomly in which to test all species at all times for evidence that they were 
significantly disproportionately abundant in the moved mounds (Yates-corrected 
chi square test of independence, Sokal and Rohlf, 1969; if a table failed Cochran's 
rule, the uniformly most powerful unbiased exact test was used, Kendall and Stuart, 
1973). 

In the site 1 + 3 data, seven species occurred in moved-mound samples at time 1; 
of these, Robertgurneya rostrata was significantly disproportionately abundant in 
the moved-mound samples. Ten species were present in moved-mound samples at 
time 2; of these, three were significantly disproportionately abundant: Halectinosoma 
sp. A, Ectinosoma sp. A, and Pseudobradya c.f. exilis. Fourteen species occurred 
in moved-mound samples at time 3 and time 4; none was significantly dispropor-
tionately abundant. The time 3 and time 4 results, combined with the lack of a 
difference in total abundance between moved-mound and background samples at 
these times, indicated that the moved mounds no longer differed from the back-
ground in terms of the harpacticoid fauna by time 3, that is, less than 24 hrs after 
emplacement. 

Because of the number of statistical tests performed, the probability levels associ-
ated with a particular result are uncertain. To overcome this difficulty, I tested the 
predicted species-time combinations in the site 2 + 4 data. Robertgurneya rostrata 
was significant (p < 0.0003) at time l. At time 2, only Pseudobradya c.f. exilis was 
significant of the three predicted species when the significance level was corrected 
for multiple testing (Brown and Hollander, 1977) (Table 6). 
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Table 5. Harpacticoid species fifth and sixth stages copepodite abundances in 10-cm• samples 
from background (B) and moved mounds (MM) at four recovery times. Data were pooled for 
sites 1 and 3. Enhydrosoma sp. A is a new species which will be described in Thistle (in press). 

Time 1 Time2 Time 3 Time4 

B MM B MM B MM B MM 

Paralaophonte sp. A 1 7 5 6 7 

Laophonte c.f. cornuta 0 0 0 0 0 1 

Enhydrosoma /ittorale 4 0 19 5 5 16 4 5 

Enhydrosoma sp. A 0 0 0 0 0 0 0 

Leptastacus c.f. aberrans 13 0 17 3 12 14 6 11 

Paradactylopodia sp. A 0 1 0 0 0 1 0 

Nitochra sp. A 2 0 0 0 1 0 2 

Robertgurneya rostrata 9 5 22 4 19 28 9 18 

Halectinosoma sp. A 9 0 0 5 5 -4 1 I 

Halectinosoma sp. B 0 0 2 0 0 0 2 0 

Parastenhelia c.f. ornatissima 0 0 0 0 0 0 

Zausodes c.f. arenicolus 13 2 11 11 12 15 5 13 

Mesochra c.f. pygmaea 7 1 10 0 31 22 8 10 

Hastigerella c.f. leptomorpha 6 2 11 0 16 9 5 3 

Ectinosoma sp. A 14 0 3 8 5 2 7 5 

Ectinosoma sp. B 0 0 0 0 1 

Pseudobradya c.f. exi/is 33 1 13 16 12 23 11 10 

Scottolana candensis 0 0 1 0 0 4 0 

Copepodites I-IV 24 3 22 7 29 27 17 18 

Total 137 16 138 62 145 173 87 116 

5. Discussion 
A Ptychodera individual forms its fecal mound a single cast at a time. The initial 

cast covers a circular area approximately 2 cm in diameter. Succeeding casts are 
extruded at intervals of 20 to 60 minutes (unpublished observations) and increase 
the surface area covered by the mound. Therefore, the data in Table 1 can be 
viewed as a time series. The harpacticoids in the sediment just adjacent to the mound 
are present in typical ambient numbers. The sample on the mound periphery, where 
the sediment has only recently been covered by feces, has values intermediate be-
tween ambient values and the low mound values. There is no evidence that copepods 
remain buried in situ. Rather, these data suggest that harpacticoids vacate the area 
covered by the fecal mound when buried. It is not known whether simple burial, 
the alkalinity of the feces (Azariah, Ismail, and Najib, 1975), or some other factor 
causes the harpacticoids to leave the area covered by the mound, but the result is 
that Ptychodera bahamensis, by creating a fecal mound, causes a small-scale natural 
disturbance perceived by the harpacticoids. Given the spatiotemporal coverage data 
in Table 2, such disturbances are frequent features of the harpacticoid's environ-
ment and are potentially exploitable by harpacticoid species. 
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Table 6. The abundances in 10-cm' background (B) and moved-mound (MM) samples of cope-
podites V and VI in pooled samples from sites 2 + 4 for the species-time combinations pre-
dicted to be significant based on the site 1 + 3 data. For Halectinosoma sp. A, Ectinosoma 
~p. A, and Pseudobradya c.f. exi/is the adjusted significance level is 0.0175, therefore only 
Puudobradya c.f. exilis is signifi cant. 

Robertgurneya rostrata 
Halectinosoma sp. A 

Ectinosoma sp. A 
Pseudobradya c.f. exilis 

Total 

Time 1 
B MM 

2 6 

100 20 

Time2 
B MM p 

< 0.0003 
2 4 >> 0.05 
6 10 0.025 < p < 0.05 

20 26 < 0.005 

95 62 

The recovery of the Ptychodera-disturbed patches was rapid. Three hours and 
forty minutes after the mounds were emplaced, total harpacticoid numbers were 
55% o! background numbers. At 23 hrs IO min, the emplaced mounds could still 
be discerned visually, but there was no difference in total numbers and no species 
differed significantly in its proportional abundance between background and treat-
ment samples (chi square test of independence, four pooled replicates, individual 
two-tailed probabilities). Sherman and Coull (in press) found, when they defaunated 
a 9-m2 intertidal mudflat site, that nematode and harpacticoid abundances had re-
turned to background levels at the time of their earliest sample (12 hrs after initia-
tion). These data suggest that areas disturbed on these scales are rapidly recolonized 
by immigrants from adjacent, unaffected areas. They support Rhoads, Aller, and 
Goldhaber's (1977) finding that meiofauna are important early colonists of dredge 
spoils. These results could arise if meiofauna individuals in soft-bottom habitats are 
closely associated with the surficial sediment and floe layers and are moved by near-
bottom currents as well as by their own locomotion (Sherman and Coull, in press). 
Bell and Sherman (submitted) report on experiments designed to document this sup-
position. Whatever the balance of passive and active immigration, the community 
which is displaced rapidly returns without a protracted succession of species. 

I! harpacticoid species entered the opened space in a Ptychodera mound in the 
same relative proportions at which they occurred in a background sample taken 
nearby, there would be no evidence to support arguments that any species exploits 
the Ptychodera mounds. Sixteen species occurred in the experimental samples in 
sufficient abundance to be detectably disproportionately abundant in mounds. 
For fourteen of these species, there was no evidence that they responded to the 
Ptychodera disturbance other than to recolonize it in their background proportions. 
This natural source of small-scale disturbance has not evoked a detectable adaptive 
evolutionary response from most of the harpacticoid fauna. 

Robertgurneya rostrata at time 1 and Pseudobradya c.f. exilis at time 2 are dis-
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proportionately abundant in mound samples. However, this result is not sufficient to 
demonstrate that the species are exploiting the disturbance. Their relatively higher 
abundances may indicate that they derive some benefit from being in the mound 
when other harpacticoid species are relatively rare. However, if individuals of 
Robertgurneya rostrata and Pseudobradya c.f. exilis move more rapidly than indi-
viduals of other harpacticoid species, then individuals of these species would tend 
to reach the mound sooner than more slowly moving species (or in the case of 
Robertgurneya, they may never have left). In such a case, they would be detected 
as disproportionately abundant even though they are indifferent to the presence of 
the mound. 

One method to distinguish between these alternative hypotheses is to test each 
disproportionately-abundant species for evidence that it exceeds its background 
abundance level. If a species is more abundant in the mound than in ambient sedi-
ment, it implies that not only is the species reaching the mound early, but that it 
tends to remain in it. Such a result would suggest that the species perceives the 
patch as an advantageous place to be and would not be expected if a species merely 
moves more rapidly than the rest of the fauna. (However, a lack of such evidence 
will not help decide between the hypotheses because individuals of a species could 
derive an advantage without the species reaching its background density.) Robert-
gurneya rostrata at time 1 has a median abundance of 3.0 within the mound com-
pared to 1.5 in background samples. Pseudobradya c.f. exilis at time 2 has a mound 
median abundance of 10.0 and a background median abundance of 8.5. However, 
the mound median in neither species can be shown to be significantly greater than 
the background median although in the case of Pseudobradya c.f. exilis p = 0.10 
(sign test, Tate and Clelland, 1957) which is as near significance as can be obtained 
with four values. Particularly in the case of Pseudobradya c.f. exilis, there is a sug-
gestion of higher numbers in the mounds. These data suggest that Pseudobradya c.f. 
exilis and Robertgurneya rostrata may be exploiting recovering Ptychodera mounds, 
although there is a competing hypothesis which can not be definitely rejected. 

If Pseudobradya c.f. exilis and Robertgumeya rostrata exploit patches which have 
been disturbed by Ptychodera, they appear to be using a given patch for a short 
time relative to the generation time of a harpacticoid. However, these intervals occur 
frequently in time and space (Table 2). An individual may be able to exploit a 
specific portion of the recovery by moving from patch to patch accumulating small 
advantages. However, given that Pseudobradya c.f. exilis and Robertgurneya rostra-
ta are found in nonnegligible abundances outside mounds, such a strategy would 
appear to be only one facet of the way these species make a living. In contrast, in 
many examples where disturbance maintains species in a community, the disturbed 
patch, on the average, persists long enough for the exploiting species to reproduce 
(e.g. Grassle and Grassle, 1974; Connell, 1978). 

Johnson (1970) and Grassle and Sanders (1973) have proposed models of com-
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munity structure in soft-bottoms. Both models suggest that natural disturbances 
create a mosaic of out-of-phase successional states and that species are adapted to 
exploit portions of the succession. If Pseudobradya c.f. exilis and Robertgurneya 
rostrata exploit disturbed patches as suggested by the data, these models are sup-
ported in that two species appear to be utilizing portions of a succession created by 
a natural disturbance. However, most species were indifferent to the disturbance, 
which may indicate that in shallow-water habitats these models are not generally 
applicable when disturbances occur on the spatiotemporal scales of Ptychodera 
fecal mounds. 

Relatively little bas been reported about the interactions of meiofaunal species 
with larger members of the community (Rhoads, 1974) except as prey (e.g. Kaczyn-
ski, Feller, Clayton, and Gerke, 1973; Sibert, Brown, Healey, Kask, and Naiman, 
1977; Bell and Coull, 1978). Hummon, Fleeger, and Hummon (1976) showed in-
creased abundance of nematodes, gastrotrichs, and oligocbaetes among deposits of 
Limulus eggs. Bell, Watzin and Coull (1978) found increased nematode densities 
and reduced benthic copepod densities around Vea burrows. Meiofaunal abundances 
were higher in the peripheral portions of Amphitrite ornata fecal mounds (Aller 
and Yingst, 1978). Thistle (1979) found harpacticoid species' abundances to be 
correlated with mud structures made by polychaetes in the deep sea. The Ptychodera 
bahamensis-harpacticoid interaction should be added to the list of macrofaunal-
meiofaunal interactions. 
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