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Sediment disturbance and the spatial distributions 
of shallow water meiobenthic nematodes on the 

open Oregon coast 

by E.W. Hogue1 

ABSTRACT 
The relationship between spatial distributions of meiobenthic nematodes and wave generated 

sediment disturbance was investigated within a 3.3 km2 area on the central Oregon coast. Six 
stations between 18 and 32 m depth were sampled during the summer of 1979. Two distinct 
fauna! groups were associated with different water depths. The division between these assem-
blages is closely correlated with the threshold depth at which sediments are influenced by 
passing waves. The fauna from the shallowest stations ( ~25 m) is dominated by nematode 
species which are small (<1.1 mm long) and have highly modified cuticles (e.g., annulations, 
spines, ornamentation). Deeper sites (>25 m) are predominantly inhabited by species longer 
than 1.1 mm with smooth cuticles. Sediment disturbance, or features related to sediment 
disturbance, are implicated as a determinant of this broad-scale pattern. Other physical pa-
rameters, e.g., mean grain size, percent silt-clay, and temperature, do not vary systematically 
with depth. 

Analysis of variance indicates that approximately 50% of the total variance in nematode 
abundances within the overall study area is due to within-station differences occurring on scales 
of 0.25 m' and less. Additional samples were collected to describe these small-scale patterns 
and their changes over time. The distributions of both the total nematode assemblage and the 
numerically dominant species were spatially aggregated at the within-station level in May 1979 
but were randomly dispersed during January 1979. Changes in the intensity of sediment 
resuspension are thought to have generated these patterns. In the winter, frequent storm 
activity mixes the bottom sediments and randomly distributes the fauna over the sea flo or. 
In the late spring and summer, physical disruption of the sediments is minimal and biological 
factors, e.g., food or reproduction, lead to aggregation. 

The coexistence of many intertidal organisms is maintained when localized disturbances 
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renew limiting resources. Species which would otherwise be excluded from an assemblage 
persist by opportunistically exploiting newly created habitat patches. Coexistence of dominant 
nematode species within small areas (<1 m2) off Moolach Beach does not appear to be 
similarly controlled. The most abundant species were randomly distributed with respect to each 
other on these small scales. Previous seasonal sampling at the study site also indicated that 
the relative proportions of the dominant species remained constant over time. If some nematode 
species were adapted to opportunistically exploit newly generated habitat patches, while others 
became established in less recently disturbed areas, then significant positive and negative asso-
ciations between nematode species should have resulted in space or time. 

1. Introduc6on 
Shallow-water, sandy sediments along high energy coastlines are unstable, with 

wave and storm activity continually mixing and resuspending sediment particles. 
Benthic organisms living in this hydrodynamically active zone must be adapted to 
withstand the disturbance caused by shifting sands. Free-living meiobenthic nem-
atodes are successful in this regard; between 70 and 100 nematode species com-
monly coexist in these environments (e.g., Juario, 1975; Tietjen, 1976; Nichols, 
1980; Hogue, 1982). The research presented in this paper was designed to investi-
gate the effects of substrate movement on sediment-dwelling nematodes. Results 
were used to (a) document important spatial scales of fauna! variability, (b) relate 
this variability to sediment stability, and (c) discuss the possibility that localized dis-
turbances maintain the coexistence of the dominant nematode species. 

a. Document important scales of variability. I collected samples at horizontal separa-
tions ranging from millimeters to kilometers within one area near the Oregon coast 
to assess the spatial scales at which significant fauna! changes occur. Seasonal 
changes in dispersion patterns were also studied. The resulting information provides 
a basis for establishing effective sampling plans and experimental designs in regions 
of shifting sands. Additionally, analysis of spatial patterns exhibited by benthic inver-
tebrates suggests processes responsible for structuring assemblages of bottom-dwelling 
organisms (e.g., Jumars, 1975; Tietjen, 1976; Woodin, 1976; Peterson, 1977; Bern-
stein et al., 1978; Thistle, 1979). Although lacking the power of manipulative ex-
periments to elucidate controlling mechanisms, this approach is useful in habitats 
such as wave-swept continental shelves where controlled manipulations are difficult 
to conduct (see Arntz, 1977). 

b. Determine causes of spatial variability . Recent work on the soft-bottom 
benthos of open coastal habitats ( <50 m) reveals that the macrofauna of these 
wave- and storm-d~sturbed habitats_ varies spatiall y and lacks long-term stabilit y 
(Eagle, 1975; Davis and VanBlancom, 1978; Frankenberg and Leiper, 1977· 
McCall , 1978). The causes of this variabilit y appear to be both physical an~ 
biological. Effects of wave-induced sediment motion interact with the reproductive 
cycles, feeding activities, and overall life histories of the macrobenthic animals livi ng 
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in this zone to produce continual changes in space and time. I examined the 
association between nematode distributions and sediment stability to evaluate the 
extent to which meiobenthic communities are similarly affected. 

c. Disturbance and species coexistence. Localized habitat disturbances in rocky 
intertidal environments renew limiting resources and enable opportunistic organisms 
to coexist with competitively superior species (e.g., Dayton, 1971; Sousa, 1979). In 
soft-bottom communities, some species become disproportionately more abundant 
in recently disturbed areas, suggesting a similar dependence on disturbance for 
their persistence (see review of Thistle, 1981). The distributions of the dominant 
Oregon coastal nematode species relative to each other were compared at the 
within-habitat level to ascertain if groups of species were differentially responding 
to small-scale features of the shallow-water environment. The presence of significant 
positive or negative correlations among species would be an initial indication that 
small-scale processes (e.g., sediment or biological disturbance) create microhabitats 
which serve to ecologically separate species and maintain their coexistence. 

2. Materials and methods 

a. Sample collection. The study area is in a region of well-sorted, sandy sediments 
on the open Oregon coast between Yaquina Head and Cape Foulweather. I studied 
the broad-scale, spatial distribution of the nematode fauna within this 3.3 km2 

area by analyzing samples collected at six stations, MBl through MB6 (Fig. 1), on 
several dates during the summer of 1979. Station depths, sediment granulometry, 
and number of replicate cores obtained are listed in Table 1. On 30 June and 7 
August, samples were gathered at stations MB 1 through MB5 from a commercial 
fishing vessel using a Smith-McIntyre grab. At each station replicate grabs were 
positioned approximately 10 m apart, with the center of each grab subsampled to 
a depth of 6 cm using one 1.9 cm internal diameter plastic core tube. A reference 
buoy was used to establish the distance between replicate grabs. Station MB6 was 
sampled on 30 May from an anchored research vessel with three replicate 0.25 m2 

Hessler-Sandia box cores, each positioned 30 m apart. The distance between succes-
sive cores was controlled by veering the anchor chain. 

Data from station MB6 were used in conjunction with that from the other sites for 
the broad scale comparisons and to examine in detail the within-station spatial 
distribution of the fauna. In this latter regard, each MB6 box core was partitioned 
into four quadrants measuring 12 cm on a side, with the distance between the 
centers of adjacent quadrants being 25 cm. Three of the four quadrants from each 
box core were subsampled using three randomly placed core tubes of 1.9 cm internal 
diameter (see Fig. 2), resulting in a total of 9 cores per box and 27 cores overall. 
Three hierarchical scales of within-station variability were assessed: within-quadrant 
(12 cm scale), between-quadrant (25 cm scale), and between-box cores (30 m scale). 
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Figure 1. Chart of Moolach Beach study area, including positions of stations MBl through 
MB6. 

Additionally, all MB6 cores were partitioned into six depth increments (0-1 cm, 1-3 
cm, 3-6 cm, 6-11 cm, 11-18 cm, and greater than 18 cm). Only box cores in which 
sediments were undisturbed and which penetrated at least 18 cm into the sediment 
were used. 

Small corers (plastic soda straws, 6 mm internal diameter) were employed on the 
May (MB6) cruise to sample a fourth box core for millimeter scale variability. Two 
parallel transects, positioned 3 cm apart and each consisting of 73 contiguous small 
cores, were placed through the center of this additional box. All straws sampled the 
upper 6 cm of sediment. 

Seasonal changes in within-station nematode distribution were investigated by 
comparing data collected at station MB6 on 30 May 1979 with that obtained 250 m 
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Figure 2. Diagram illustrating positions of subsamples collected from three 0.25 m2 box cores 
on 30 May 1979. Plastic corers with a 1.9 cm internal diameter were used to obtain nine 
samples from each box. 

away at MBl on 23 January 1979. During this January cruise I also collected three 
replicate 0.25 m2 box cores (see Table 1), but only one quadrant per box was 
sampled using two randomly placed cores (2 cores per box, total 6 cores). These 
cores were partitioned into the same depth increments as those in May. Two straw 
core transects were also obtained from an additional box core in the same manner 
as on the 30 May cruise. 

A potential problem exists when studying small-scale spatial variability of nem-
atodes within box cores. During recovery of the box core sediments may slosh, 
altering the original distribution of organisms living in the upper few centimeters 
of sediment. Observations made while testing the box core at dockside indicated 
that, during recovery, surface sediments began to shift only after the sampler had 
broken the surface and the overlying water began to drain out. To minimize this 
problem, the small, soda straw corers and the 1.9 cm corers were positioned within 
each box immediately after it was placed on deck, while the box core was still full 
of sea water. Data to be presented later (seep. 560) confirm that the surface layers 
of sediment were not extensively reworked. 

All samples were preserved in 10% buffered Formalin and were stained with 
rose bengal. The fauna was extracted from the sediments in the laboratory by 
shaking and decanting followed by three rinses. A 38.5 µm sieve was used to retain 
the fauna. Extraction efficiency from the sediment was 98 % compared to numbers 
found after 10 rinses and subsequent examination of the tailings. I sorted each 
sample three times under a dissecting microscope. Nematodes were picked out and 
placed in glycerin mounts for identification to species and enumeration using a 
compound microscope. Sorting efficiency was assessed by instructing independent 
observers to make 10 passes through the sample. Results indicated that 90% of 
all nematodes were picked out after 3 searches through the sample. 

Sediment samples from each box core and grab were wet-sieved to determine 
grain size. The graphic mean, Mz, and inclusive graphic standard deviation, <r1, 

were used to describe the granulometry (Folk, 197 4). Microtopographic sediment 
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features were photographed on 30 May and 20 September using a deep-sea stereo-

scopic camera system. 

b. Statistical analysis. Emphasis was placed on the most abundant species through-
out the statistical treatment of the data, with the rarer forms excluded from the 
analysis. Without a priori knowledge that a rare species plays a crucial role in 
structuring an assemblage, restricting attention to dominant species seems an ap-
propriate first step in describing the spatial response of a group of species to the 
environment. In addition, it is difficult from a statistical standpoint to describe 
spatial patterns when abundances per sample are very low and many samples 
contain no individuals (Elliott, 1971). 

Between-station (kilometer scale) differences in abundance of the total nematode 
fauna and each of the numerically dominant species were tested for significance by 
one-way analyses of variance (ANOV A). Data were log-transformed prior to these 
computations. I estimated the relative magnitude of the variance components within 
and between stations using the mean squares from the ANOV A model (Sokal and 
Rohlf, 1969). Faunal similarities between the six stations were compared using the 
Bray-Curtis index (Bray and Curtis, 1957). 

Several techniques were employed to describe within-station dispersion patterns 
at stations MB6 in May and MBl in January. All statistical tests were made at the 
single-test 5 % level. The average depth in the sediment was computed for the total 
nematode fauna and each of the numerically most abundant species using data from 
the vertically partitioned cores following the technique for determining the mean of 
a frequency distribution. Between-core dispersion patterns were tested for significant 
departures from randomness using the )( 2 statistic I, where I = (s 2/x) • (n-1) and 
s2 is the sample variance, x is the sample mean, and n is the sample size. Values of 
I exceeding tabulated 0.05 )(2 percentage points for n-1 degrees of freedom lead to a 
rejection of the null hypothesis of random dispersion. Since differences in means 
between box cores were not significant, all of the 1.9 cm cores collected were used 
for this test, i.e., for January n = 6 and May n = 27. In addition, for the May data, 
a two-level nested ANOV A was used to measure the percentage of the total variance 
over the 27 samples which could be attributed to within-quadrant, between-quad-
rant, and between-box core variations in nematode density. 

Direct comparison of the degree of aggregation of nematodes in May with that 
in January was made using Green's index of dispersion, GI, where GI = [s2 /x)-1.]/ 
(Ix-1.) (Elliott, 1971). This index equals 0.0 for random distributions and increases 
to 1.0 for maximum aggregation, i.e., when all individuals occur in 1 core. Negative 
values indicate evenness. I computed GI for both the total nematode fauna and the 
dominant species using all six cores collected in January. Similar computations were 
made for May data by reducing the sample size from 27 to 6 cores. Two cores were 
selected at random from the first quadrant of each box core, and the procedure as 
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Table 1. Depth and sediment characteristics of the six Moolach Beach stations. The type of 
sampling gear used and number of replicate subsamples collected on each date are also 
shown. SMG: Smith-McIntyre Grab. BXC: Box core. 

Sediment parameters 

Mean % 
Depth Date Sampling No. size Sorting Silt-

Station (m) sampled gear subsamples (M,) (a-,) clay 

MBl 25 8/07/79 SMG 4 2.6 cf, 0.37 3.3 
MBl 25 1/23/79 BXC 6 2.6 cf, 0.52 0.9 
MB2 18 6/ 30/79 SMG 3 2.6 cf, 0.53 5.0 
MB3 32 8/07/79 SMG 4 2.7 cf, 0.57 2.6 
MB4 29 6/ 30/79 SMG 3 2.6 cf, 0.48 0.5 
MB5 16 8/07/79 SMG 4 2.6 cf, 0.45 1.2 
MB6 28 5/ 30/79 BXC 27 2.7 cf, 0.51 2.6 

outlined for January was used to compute GI. This was repeated using cores from 
the second and then the third quadrants of each box. The three resulting GI values 
for May were then averaged to provide an overall dispersion index suitable for 
comparison with January results. 

Data from the small core transects of January and May, designated January A 
and B and May A and B, were analyzed using standard time series techniques 
described by Jenkins and Watts (1968). Data were log-transformed and autocor-
relation coefficients, C,,,,(k) , computed for the four transects up to 18 lags. Cross-
correlation coefficients, C,,y(k), were calculated between May-A and May-B transects 
and between the January-A and January-B series. Coefficients exceeding ± 
l.96(n)-1! 2 were considered significant (see Chatfield, 1975 on the significance of 
auto-and cross-correlation coefficients). 

3. Results 

a. Between-station distributions. 
The data from all six stations were used to analyze broad-scale nematode distribu-

tions in the Moolach Beach area, although these sites were not sampled at the 
same time. While significant temporal changes in nematode density at station MB 1 
have been detected over a I-year period (Hogue, 1982), no significant fluctuations 
occurred at this site during the 9-week interval of this work (unpublished data, 
t-test between densities on 3 May and 7 August 1979, p > 0.05). Additionally, 
the relative abundance of species at MB 1 remained constant over a I-year period. 
Thus, even if changes in density occurred between sampling dates, no shift in 
dominance would have been expected. Changes in abundance among sampling dates 
have consequently been ignored for the purpose of these broad-scale comparisons. 



Table 2. Broad scale distributions of the dominant nematode species within the Moolach Beach study area. Species are arranged from longest to shortest 
based on average adult female length. Data include mean abundance, expressed as No. / 10 cm•, and percentage of the total nematode population 
(in parenthesis) at each of the six sites. Mean abundance (No. / 10 cm2) of the total fauna is shown at bottom. The percentage of the total variation 
in density attributable to within- and between-station fluctuations in abundance is given at left. SD: standard deviation. 

Average 
Shallow stations Deeper stations % Variance 

length MB5 MB2 MBl MB6 MB4 MB3 Within- Between-
(mm) (16 m) (18 m) (25 m) (28 m) (29 m) (32m) station station 

Mononcholaimus sp. 3.2 4.3 (0.7) 13.7 (1.6) 6.5 (1.3) 23.9 (2.7) 68.5 31.5 
Bo/be/la sp. 3.2 0.9 (0.1) 22.2 (4.6) 18.2 (4.3) 15.4 (1.8) 46.1 53.9 
Sabatiera sp. 2.0 52.2 (9.4) 52.4 (9.2) 35.1 (4.2) 69.8 (14.5) 43.3 (10.2) 61.6 (7.0) 96.6 3.4 
Anticoma sp. 1.8 3.4 (0.4) 1.1 (0.2) 17.1 (2.0) 35.7 64.3 
Oncholaiminae A 1.8 10.3 (1.9) 16.0 (2.8) 6.8 (0.8) 4.6 (1 .0) 27.4 (6.4) 16.3 (1.9) 58.3 41.7 
Halalaimus sp. 1.6 5.1 (0.9) 6.8 (1.2) 20.5 (2.5) 15.5 (3.2) 2.3 (0.5) 25.7 (2.9) 64.1 35.9 
Rhabdodemaniinae A 1.5 11.1 (2.0) 8.0 (1.4) 7.7 (0.9) 3.3 (0.7) 5.7 (1.3) 1.7 (0.2) 92.3 7.7 
Marylynnia sp. 1.4 20.5 (3.7) 5.7 (1.0) 20.5 (2.5) 19.5 (4.0) 37.6 (8.8) 37.6 (4.3) 84.9 15.1 
Monhysterinae A 1.3 17.1 (3.1) 5.7 (1.0) 13.7 (1.6) 6.1 (1.3) 5.7 (1.3) 10.3 (1.2) 89.3 10.7 
Monhysterinae B 1.2 1.7 (0.3) 2.3 (0.3) 18.2 (3.8) 2.3 (0.5) 4.3 (0.5) 55.7 44.3 

Axonolaiminae A 1.1 1.7 (0.3) 2.3 (0.4) 35.1 (4.2) 14.6 (3.0) 16.0 (3.8) 9.4 (1.1) 77.2 22.8 
Chromadorinae A 1.1 0.9 (-) 1.1 (0.2) 4.3 (0.5) 15.0 (3.1) 12.5 (2.9) 61.6 (7.0) 58.7 41.3 
Ceramonema sp. B 1.1 2.3 (0.4) 8.0 (1.4) 15.4 (1.8) 6.0 (1.2) 10.3 (2.4) 13.7 (1.6) 27.1 72.9 
Xyala sp. 1.1 17.1 (3.1) 16.0 (2.8) 6.0 (0.7) 8.7 (1.8) 5.7 (1.3) 4.3 (0.5) 89.7 10.3 
Ceramonema sp. A 0.9 47.9 (8.7) 67.3 (11.9) 109.4 (13.1) 16.7 (3.5) 16.0 (3.8) 37.6 (4.3) 39.3 60.7 
Ceramonematidae A 0.9 1.7 (0.3) 9.1 (1.6) 33.4 (4.0) 3.2 (0.7) 4.6 (1.1) 9.4 (1.1) 42.0 58.0 
Nudora sp. 0.9 6.8 (1.2) 13.7 (2.4) 14.5 (1.7) 1.1 (0.2) 3.4 (0.8) 6.0 (0.7) 43.0 57.0 
Ceramonema sp. C 0.8 13.7 (2.5) 19.4 (3.4) 7.7 (0.9) 1.3 (0.3) 4.6 (1.1) 0.9 (0.1) 26.7 73.3 
Chromadorinae B 0.7 18.8 (3.4) 4.5 (0.8) 28.6 71.4 
Tricoma sp. 0.5 6.8 (1.2) 26.2 (4.6) 31.6 (3.8) 9.5 (2.0) 11.4 (2.7) 19.7 (2.2) 70.4 29.6 
Rynchonema subsetosa 0.5 22.2 (4.0) 44.5 (7.8) 22.2 (2.7) 10.5 (2.2) 17.1 (4.0) 3.4 (0.4) 60.0 40.0 
Chromadorinae C 0.4 4.3 (0.8) 23.9 (4.2) 4.3 (0.5) 5.1 (1.1) 9.1 (2.1) 1.7 (0.2) 77.5 22.5 
Richtersia sp. 0.4 41.0 (7.4) 28.5 (5.0) 49.6 (6.0) 6.6 (1.4) 18.2 (4.3) 18.0 (2.1) 48.8 51.2 

.i = 60.0 .i = 40.0 
TOTAL NEMATODES 553.2 567.7 833.6 482.9 425.2 875.5 62.9 37.1 

SD == (275.0) (I 33.4) (170.4) (133.4) (159.0) (87.2) 



1982] Hogue: Sediment disturbance and nematodes 559 

A total of 110 nematode species were found in the study area, the majority of 
which were rare. Twenty-three species were selected for the analysis of between-site 
variability by listing the 10 most abundant species at each of the six sampling loca-
tions. Although this is an arbitrary reduction of the list to a manageable size, the 
results illustrate the trends present in the data. Table 2 indicates these dominant 
nematodes, their abundance (ind./10 cm2

), and their proportion of the total nem-
atode fauna at each station. Together, the 23 species averaged 56% of the total 
nematode fauna at a sampling site. In the case of station MB6, only data from the 
top 6 cm of each core were used to make the results comparable with the other 
locations. 

The densities of only five of the 23 dominant nematode species did not vary 
significantly among stations: Sabatiera sp., Rhabdodemaniinae A, Marylynnia sp., 
Monhysterinae A, and Xyala sp. (ANOV A, p > 0.05). The within-station and be-
tween-station variance components are shown in Table 2. An average of 60% of 
the variance in density of single nematode species occurs at the within-station scale. 
Thus, more variability exists over distances of a few meters (or less) than between 
stations separated by hundreds of meters; the average distance between stations is 
1.3 km. Results for the total nematode fauna were similar, with 62.9% of the total 
variance in density occurring within-stations. 

Pairwise comparison of inter-station faunal similarity using the Bray-Curtis index 
revealed that two groups of stations existed, each associated with different water 
depths. The three stations 25 m and less in depth (MBl, MB2, MB5) were more 
similar to each other in species composition than to any of the deeper stations 
(MB3, MB4, MB6). Likewise, the deeper locations were more similar to each other 
than to any of the shallow sites. Average within-group faunal similarity was 0.65 
(SD = 0.04, n = 6) while the average between-group value was 0.54 (SD = 0.06, 
n = 9). These changes in species composition with depth were not detectable using 
presence-absence data, since the species lists for the six sites were essentially the 
same. It is only in shifts of numerical abundance that the two groups were detected. 

The validity of comparing data collected with a box core (MB6) and a Smith-
McIntyre grab (MB1-MB5) can be questioned. Although neither sampler collects 
sediments in the same manner, additional data show that sampler biases did not 
affect station groupings. Station MBl was sampled four times between July 1978 
and May 1979 with a box core (Hogue, 1982). In every case, these box core sam-
ples were more similar to the grab samples collected at the same station (mean 
Bray-Curtis similarity = 0.74, SD = 0.02, n = 4) than to the box core data 
obtained at MB6 (mean Bray-Curtis similarity = 0.50, SD = 0.03, n = 4). There-
fore, station affinities are independent of sampling gear. Conclusions based on the 
comparisons of ANOV A variance components (Table 2) are similarly unaffected by 
sampler biases. Differences between box cores and Smith-McIntyre grabs would 
increase the variance between stations relative to that within a station, yet most of 
the variability was still found at the within-station level. 
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Faunal differences between the shallow and deep water sites were reflected in 
changes in the size and cuticular structure of the dominant nematodes. Total length 
of mature females for each of the dominant species is listed in Table 2, with species 
arranged in the table from longest to shortest. In general, nematodes 1.1 mm and 
smaller (lower portion of Table 2) dominated at the three shallowest stations, while 
larger species reached their peak abundance at the three deeper sites. There are 
only three exceptions to this size-depth trend: (1) Rhabdodemaniinae A, (2) Mon-
hysterinae A, and (3) Chromadorinae A. These three species are of intermediate 
length (1.1-1.5 mm). It would be expected that if a few nematodes failed to follow 
the size-depth relationship, it would be those species which were closest to the 
transition length (1.1 mm). I constructed a 2 x 6 contingency table to test for 
independence between nematode body length and water depth and found a highly 
significant relationship between these two factors (G-test, Sokal and Rohlf, 1969; 
G = 324.3, df = 5, p < 0.001). In addition, all of the species 1.1 mm or smaller 
with the exception of Axonolaimidae A have cuticles with annulations, spines, or 
other forms of ornamentation. Larger nematodes differed by having smooth cuticles. 
Therefore, faunal differences among the Moolach Beach stations are correlated with 
water depth and involve consistent changes in the morphologies of the dominant 
nematodes. 

b. Within-station distributions. 

MB6 box core data. Analyses of summer within-station spatial distributions are 
based on data collected at station MB6. The 21 species which comprised 1 % or 
more of the total population at this site were selected for analysis of these small-
scale patterns; Table 3 lists each species along with its average abundance per core, 
proportion of the total fauna, and average depth in the sediment. Taken together, 
the dominant forms made up 53.5% of the total nematode fauna at this site. 
Species were split into two groups to allow comparisons of dispersion patterns as 
a function of sediment depth: those with a mean depth in the sediment of 5 cm or 
less (14 species total), and those with a mean depth greater than 5 cm (7 species 
total). 

The horizontal distribution of all 21 species, as well as the total nematode fauna 
at MB6, departed significantly from randomness (dispersion x2 test, Table 3). 
Since distributions were aggregated, I wanted to assess at what spatial scales this 
variability occurred. A two-level, nested ANOV A revealed that for the total nem-
atode assemblage only 25.8% of the variability in density was accounted for by 
differences among box cores (Table 3). The remaining 74.2% was within and 
between quadrants. Average variance components for the dominant species with 
a mean depth shallower than 5 cm indicated even less variability between boxes, 
8.6%. For these species, 67% of the total variation occurred within quadrants 
(10 cm scale), and 24% occurred between quadrants (25 cm scale). The same 



Table 3. Small-scale distributions of dominant nematode species in May and January 1979. For both sampling dates the average number 
of individuals sampled per core, percent of the total population, average depth in the sediment, and the dispersion x2 test statistic I ..... 
are listed for each species. The percent of the total variation in density which can be attributed to differences between cores, between I.O 

00 
quadrants, and between box cores in May is also given. Similar information for the total nematode fauna is shown at bottom. t: Iv ......., 
0.1 <p< 0.05. *: p:::; 0.05. ** : p:::; 0.005. 

May January 

Mean Mean 
No. % depth % variance No. % depth 

Mean depth < 5 cm core- 1 total (cm) I Core Quad Box core- 1 total (cm) I ::i:: 
0 

Bo/be/la sp. 6.5 3.3 0.8 594.4** 58.8 33.6 7.6 
C)Q 
.: 

Axonolaiminae A 4.3 2.2 0.9 134.6** 93.2 6.8 0 3.7 1.5 1.9 8.0 
R ynchonema subsetosa 3.1 1.5 1.3 76.1 ** 70.3 29.7 0 3.5 1.4 2.3 14.7* 

V) 
(1) 

!:I. 
Chromadorinae A 4.4 2.2 1.8 283.4** 53.9 46.1 0 §' 
M ononcholaimus sp. 1.9 1.0 2.0 44.8* 75.9 22.3 1.8 5.0 2.0 3.7 12.0* (1) 

;::s 
Sabatiera sp. 20.6 10.4 2.4 174.5** 55.1 0.6 44.0 12.5 5.0 3.9 14.8* 

..... 
!:I. 

X yala sp. 2.5 1.3 2.7 101.2** 61.1 38.9 0 5.4 2.1 4.9 26.9** 1:;· 

Monhysterinae B 6.1 3.1 3.1 231.5** 63.6 11.4 25.0 E" .... 
c::r-

Mary lynnia sp. 6.3 3.2 3.1 93.8** 56.6 43.4 0 6.5 3.2 6.0 4.5 s:::, 
;::s 

Halalaimus sp. 5.3 2.2 3.3 39.2* 91.4 6.6 2.0 2.8 1.1 5.9 8.7 (1) 

Ceramonema sp. B 2.3 1.1 3.5 53.6** 89.8 0 10.2 5.2 2.1 3.4 11.4* s:::, 
;::s 

Ceramonema sp. A 5.7 2.7 3.7 84.3** 40.6 56.0 3.4 24.2 9.7 4.3 9.3t !:I. 

Tricoma sp. 3.3 1.7 3.8 67.3** 59.0 15.0 26.0 11.0 4.4 4.9 6.9 ;::s 
(1) 

Richtersia sp. 2.9 1.5 4.9 56.3** 70.1 29.9 0 10.3 4.1 5.7 7.3 s:::, 

x = 67.1 24.3 8.6 
..... 
0 

Mean depth > 5 cm 
!:I. 

Monhysterinae C 2.8 1.4 5.2 81.7** 97.4 1.9 0.7 2.7 1.1 6.2 2.0 
Comesomatidae A 2.5 1.3 5.9 55.9** 66.1 18.4 15.5 

Paramesonchium sp. 2.4 1.2 6.3 36.4t 97.9 0 2.1 4.5 1.8 9.5 9.2t 
Monhysterinae D 2.7 1.4 6.5 95.3** 28.0 26.9 45.1 
Odontophora sp. 12.5 6.3 8.2 36.1 t 98.3 1.7 0 6.2 2.5 9.3 18.6* * 
Paramicrolaimus sp. 4.8 2.4 8.3 80.5** 79.9 18.3 1.8 5.5 2.2 8.5 8.3 
Monbysterinae E 3.0 1.5 9.2 58.7** 56.3 15.5 28.2 Vt 

°' x = 74.8 11.8 13.3 ..... 
TOTAL NEMATODES 198.0 4.7 446.3** 45.7 28.4 25.8 249.0 5.3 109.9** 
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Figure 3. Total number of nematodes sampled by paired transects of contiguous small (6 mm 
diameter) cores in both May and January. Paired transects, designated "A" and "B", were 
positioned parallel to each other, 3 cm apart. Ten cores equals 6 cm. 

basic result was found for the dominant species living deeper in the sediments. 
There is no indication that nematodes living deeper in the sediments are distributed 
differently than those living above 5 cm. Data from Table 3 also support the 
observation that mixing of surficial sediments during recovery of the box core is 
minimal. The shallowest dwelling species, e.g., Bolbella sp., were strongly ag-
gregated. Sloshing of surface sediments during sampling would have more evenly 
distributed these animals throughout the box core. 

In general, there was no statistically significant difference in nematode density 
among replicate box cores (two-level, nested ANOV A). In the Moolach Beach 
study area, significant differences in the abundance of the fauna occur over very 
small horizontal distances (within 0.25 m2 box cores) and over larger kilometer 
sized areas (among stations). 

MB6 small core data. The small, soda straw core samples collected in May 
provide a more detailed description of the smaller scales of variability. Total nem-
atode abundances from the two parallel transects collected are shown in Figure 3. 
A nonparametric test for runs above and below the median showed fewer runs 
than expected by chance for both transects, indicating significant aggregation of 
nematodes within box core-sized areas. A correlogram based on the autocorrelation 
coefficients for the total nematodes in transect May-A is shown in Figure 4. Values 
for transect B are similar and have not been presented. Two points can be made. 
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Figure 4. Autocorrelation coefficients, C .. (k), plotted from I to 18 lags for the total nematodes 
per core in transects May "A" and January "A." Three lags equals 1.8 cm. 

First, the coefficients for the first three to five lags are significant (95 % confidence 
interval ±0.23), confirming the nonrandom nature of the small core data and 
indicating that neighboring samples are correlated over distances of approximately 
2 to 3 cm. Second, there is no apparent periodicity in density fluctuations over these 
horizontal distances, i.e., aggregations are not spaced at constant intervals apart 
within box cores. 

Figure 5 shows a plot of the cross-correlation coefficients obtained from the 
May-A and May-B transects. Significant coefficients occurred from lags 1 through 
9. Since the transects were 3 cm apart and were still correlated with each other, the 
physical dimensions of regions having extremes in density are substantiated to be 
about 3 cm in size. Both the auto- and cross-correlations suggest that within a box 
core the most significant scales of spatial variability are found over distances of a 
few centimeters. 

Seasonal changes in small-scale distributions. Data collected in January 1979 at 
MB 1 were used to compare the within-box core distribution of nematodes in winter 
with those found in May at MB6. The total fauna was significantly aggregated in 
January (dispersion x2 test, Table 3). Comparison of species dispersion patterns 
were made for those species which comprised 1 % or more of the total population 
in both January and May. Fifteen species met this criterion (Table 3, January). 
In contrast to May, when all 15 of these species were significantly aggregated in 
the horizontal dimension, dispersion x2 tests showed that a random distribution for 
7 of the 15 species could not be statistically rejected. Low values of / further indi-
cate that the intensity of aggregation of those eight species which were not randomly 
dispersed may be less than that found in May. 
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Figure 5. Cross-correlation coefficients, c •• (k), computed between the total nematode abundance 
in paired small core transects plotted from -15 to +15 lags. 

Although useful in testing for departures from randomness, I is not a good index 
for comparing relative levels of aggregation (Elliott, 1971). Green's index, GI, 
was used to compare the intensity of aggregation in January with that in May for 
the eight species which remained nonrandomly distributed in the winter (Table 3, 
January). Table 4 shows that three of these species and the total nematode popula-
tion were more aggregated in May than January. The opposite trend was found for 
three other species while an additional two showed no change. Examination of the 
data from the small core transects in January (Fig. 3) substantiates this overall 
tendency for decreased clumping in winter. A runs test above and below the median 
failed to reject a random spatial arrangement of nematodes within box cores. The 
auto- and cross-correlation coefficients for these transects were also not significant 
(Figs. 4 and 5). Most nematodes were either randomly distributed on these spatial 
scales during the winter or were less intensely aggregated than during the summer. 
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Table 4. Green's index of dispersion for the dominant species which were not randomly distrib-
uted in January. 

Green's Index (GI) 
January May 

M ononcholaimus sp. 0.05 0.05 
Sabatiera sp. 0.03 0.03 
Xyala sp. 0.14 0.16 
Ceramonema sp. B 0.04 0.17 
Ceramonema sp. A 0.01 0.06 
R ynchonema subsetosa 0.10 0.04 
Paramesonchium sp. 0.03 0.01 
Odontophora sp. 0.08 0.01 

Vertical distributions. The highest densities of nematodes were found in the 
uppermost few cm of sediment. In May, 71 % of all nematodes occurred in the top 
6 cm of sand, while in January this proportion was 68 % . Only 10 % of the total 
fauna was found in the 11-18 cm depth interval. A few subsamples collected below 
18 cm contained nematodes, but abundances were greatly reduced. A redox-poten-
tial-discontinuity layer (RPD), normally a significant vertical faunal boundary, was 
never encountered in the cores which were collected. 

The mean depth in the sediment of the dominant species encountered in January 
and May is listed in Table 3. The center of distribution for each species was deeper 
within the sediment during the winter than in May. Although further down in the 
sand in January, species maintained the same relative vertical position with respect 
to each other in January as in May (Friedman's nonparametric randomized block 
ANOVA, X2 r141 = 27.1, p = 0.02). Data from additional cores collected between 
July 1978 and May 1979 (unpublished) confirm that the species listed in Table 3 
are consistently found in the same order with respect to depth. The determinants of 
these vertical distributions, whatever they may be, must operate similarly over time. 

Small-scale interspecific correlations. Unlike the broad scale sampling which 
revealed significant depth related species associations, the within-station sampling 
failed to show strong correlations between the distributions of the dominant species. 
I computed the product-moment correlation coefficients between the 14 dominant 
species found in the top 5 cm at MB6 using the log-transformed data from all 27 
cores. Applying a multivariate test of independence (Bartlett's test of sphericity, 
Cooley and Lohnes, 1971; Morrison, 1976) the null hypothesis that variations in 
species abundances are uncorrelated was not rejected (x2

r 91 J = 90.03, p = 0.50). 
The average absolute value of the 91 coefficients was small, 0.19 (SD= 0.13), 
illustrating this lack of strong spatial correspondence between the small-scale 

distributions of species. 
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4. Discussion 

a. Between-station distributions. Faunal differences among the six Moolach Beach 
stations were associated with an increase in the size of the dominant nematodes as 
water depth increased. Before considering this zonation to be caused by depth-related 
factors, two alternative explanations must be rejected. Differences between shallow 
water and deep water nematode assemblages may have resulted from the fauna 
responding to an environmental mosaic rather than depth gradients. This is not 
lik ely, however, since the samples collected within each of the two depth zones 
were 1-2 km apart. This should be sufficient to encompass most alongshore vari-
ability and eliminate the possibility of mosaic distributions being important. The 
second alternative is that the observed affinities were based on chance alone, i.e., 
stochastic fluctuations in species abundances produced the station groupings. There 
are 10 possible ways of assigning six sites into two groups of three stations each. 
The probability that the observed similarities could be due to chance is, therefore, 
only 10%. This is not a likely alternative. The striking morphological differences in 
size and cuticular structure of the nematode fauna support the contention that 
faunal changes involve a common adaptation or response to variations in the 
habitat with depth. 

The division between the large- and small-dominated assemblages was located at 
a depth between MBl and MB6, i.e., around 25 to 28 m. Variations in sediment 
granulometry, which have frequently been found to be significantly correlated with 
changes in nematode species (Warwick and Buchanan, 1970; Ward, 1973, 1975; 
Tietjen, 1976), are probably not responsible for the fauna! differences. Sediment 
parameters are very similar for all stations (Table 1); no systematic differences in 
mean grain size, percent silt-clay, or sorting could be detected between these two 
depth zones. 

Numerous investigations of macrobenthic populations in shallow water have 
concluded that wave-induced sediment motion may play a crucial role in explaining 
observed macrobenthic species patterns (e.g., Field, 1971; Rees et al., 1977; Davis 
and VanBlaricom, 1978; McCall, 1977, 1978; Oliver et al., 1980). I used a rela-
tionship developed by Komar and Miller (1973) which expresses the threshold 
conditions for sediment movement as a function of wave height, wave period, water 
depth, and mean grain size to determine at what approximate depth at Moolach 
Beach sediments ceased to be affected by surface waves in the summer. Waves 
measured off Newport, Oregon between April and September average 1.2 m high 
with a period of 7 .5 s (5 year mean, C. Creech, personal communication). Under these 
conditions sediments at the two shallowest stations (16 and 18 m) would be con-
stantly disturbed by passing waves while the two deepest stations (32 and 29 m) 
would be unaffected. The threshold depth for sediment motion is approximately 22 m. 
Occasional storm activity during the summer will move this point farther offshore 
past the 32 m station. It is significant, however, that under " average" summe; 
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conditions the division between the two faunal groupings coincides closely with 
the approximate depth at which sediments first begin to be disturbed. Sediment 
stability, or some factor correlated with sediment stability, is probably responsible 
for the depth zonation of the nematode fauna. 

The relationship between the small size of shallow-dwelling nematodes and the 
sediment disturbance associated with this habitat is opposite that which would be 
predicted based on most previous work. Gerlach (1953), Wieser (1959), Warwick 
(1971), and Tietjen (1976) examined nematode species found in a variety of sedi-
ment types, and all concluded that in areas of unstable substrates larger forms 
with long cephalic or somatic setae predominate. Wieser (1959) and Warwick (1971) 
further suggested that no correlation exists between habitat type and cuticular 
patterns. Only Ward (1975) has previously noted a positive relationship between 
cuticular ornamentation and physically dynamic environments. 

Several causes for small size and modified cuticles in wave disturbed habitats can 
be hypothesized. Annulations and spines may protect the body wall from damage 
(Swedmark, 1964) and increase mechanical purchase to maintain position within 
shifting sediments (Ward, 1975). Processes maintaining the small size of shallow 
species are less obvious, but may include size-selective predation by macrofauna. 
Oakden (1980) reported that phoxocephalid amphipods from shallow sandy 
bottoms off the central California coast consume nematodes and other meiofaunal 
sized prey. Oliver et al. (1980) found that amphipod species belonging to this 
family were significantly more abundant in shallow, wave disturbed areas of 
Monterey Bay than in deeper regions. Macrofauna samples collected 1.8 km south 
of the Moolach Beach site show a similar, dramatic seaward decrease in abundance 
of amphipods between 25 and 50 m (Carey, 1972). Small nematodes may predom-
inate in the waters less than 25 m deep because the larger species are more suscep-
tible to predation by either phoxocephalid amphipods or other infauna! predators. 
Similar size-selective feeding behavior has been documented for epibenthic predators 
within the study area. Juvenile flatfishes occasionally eat nematodes, but only the 
three largest species (Theristus sp., Mesacanthion sp., and Bolbella sp.) found within 
the uppermost 1 cm of sediment are ingested (Hogue and Carey, in press). 

b. Within-station distributions. Most of the variability in species abundances did not 
occur over the broad sampling scale associated with the sediment disturbance 
gradient, but existed instead within 0.25 m2 areas. Coull et al. (1977) found similar 
results when examining variations in total meiofauna density along a transect 
extending from depths of 400 to 4000 m off the North Carolina coast. Many 
processes are potentially capable of generating these small-scale aggregations, none 
of which necessarily acts alone. Of the possibilities, several have been suggested to 
specifically affect meiobenthic animals, including attraction to patchily distributed 
food (Andrew and Nicholas, 1976; Gerlach, 1977; Lee et al. , 1977); association 
with biogenic sediment structures (Aller and Yingst, 1978; Bell et al., 1978; 
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Thistle, 1979; Reise and Ax, 1979; Findlay, 1981); sediment microtopography 
(Hogue and Miller , 1981); small-scale variations in sediment fabric (Nichols, 1980); 
biotic interactions with other taxa (Boaden and Erwin, 1971; Thistle, 1979); and 
intraspecific reproductive processes (Heip, 1975). 

Several of these possibilities are probably not important in the case of nematodes 
at Moolach Beach. Biogenic structures such as worm tubes and burrows are not 
common. The mixed, well-sorted sediments also seem to preclude sediment fabric 
as a factor. Bottom photographs taken at the time that the May small core transects 
were collected showed that sediment ripples with a wavelength of 34 cm were 
present throughout the study area. Data from the May A transect (Fig. 3) indicate 
that density fluctuations may have this same periodicity (cores 10 through 65). 
Sediment microtopography may be important on these scales, but not in determining 
the predominant within-box core variations which are less than 12 cm in size. In 
addition, the random distribution of nematode species with respect to each other 
suggests that biological interactions with other taxa are also not of widespread 
importance in creating aggregations. Food availability (e.g., Gerlach, 1977) and 
reproductive processes (e.g., Heip and Engels, 1977) remain as the two most likely 
causes of Moolach Beach small-scale patchiness. 

Seasonal change in the within-station spatial distribution of nematodes (Table 3; 
Figs. 3, 4, and 5) probably results from winter storms which vigorously disturb 
and rework the sediments of the continental shelf. Komar et al. (I 972) noted that 
average winter storm waves on the Oregon shelf are sufficiently intense to produce 
sediment ripples out to a depth of 100 m and occasionally to a depth of 200 m. Under 
these conditions the fauna at the Moolach Beach study site would be extensively 
disrupted. Bottom photographs taken at 25 m in the study area during the summer 
showed regularly spaced ripples which were poorly preserved. Animal tracks and 
occasional worm tubes were clearly visible, indicating that the bottom had not 
been recently disturbed. This was in marked contrast to photographs taken at the 
same location in September 1979 immediately following a gale comparable in 
strength to a winter storm. Sediment ripples were well preserved with no evidence 
of biological activity. Komar et al. (1972) took a similar series of photographs off 
Moolach Beach in 28 m of water in February and May 1968 and found the same 
changes over time. The physical stability of the fine sand in water approximately 
25 m deep and greater is seasonally variable. Sediments are continually mixed and 
reworked in the winter, but only occasionally stirred in the summer. 

Small-scale spatial distributions of nematodes reflect this seasonal difference in 
disturbance. Samples collected in January with both large and small cores indicate 
that most nematodes were randomly dispersed over the bottom (Table 3; Fig. 3). 
Waves at the time of sampling in January were sufficiently intense to generate sedi-
ment motion on the bottom (wave height = 3 m, period = 10 s). All species were 
significantly aggregated in May when bottom photographs confirmed that sediments 
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had riot recently moved. Two opposing forces apparently establish the within-sta-
tion distribution of nematodes at Moolach Beach. Physical mixing from waves tends 
to disperse the fauna, while biological factors such as reproduction or attraction 
to food tend to aggregate them. 

Though nematodes were randomly dispersed in the horizontal dimension during 
the winter, their vertical distributions remained the same as in the summer. The 
environmental cues establishing vertical distributions are either unaffected by 
frequent sediment mixing or are rapidly re-established. Nematodes evidently respond 
far more quickly to maintain their vertical position within the sediments than they 
do to re-aggregate horizontally. 

Physical disturbance of sediments, or factors correlated with this disturbance, 
thus appear to affect the spatial distribution of nematodes at Moolach Beach on 
both broad (between-station) and small (within-station) scales. In other systems, 
e.g., rocky intertidal habitats, localized disturbances in space and time renew limit-
ing resources and provided a mechanism for the maintenance of species diversity 
(e.g., Dayton, 1971; Paine and Levin, 1981; Sousa, 1979). Several lines of evidence 
suggest that this may not be a dominant process maintaining the within-station 
coexistence of the most abundant nematode species at Moolach Beach. 

If shifting sediments, or any other form of disturbance, generated microhabitats 
within a station which were important for the coexistence of a group of species, then 
distinct differences in the temporal or horizontal spatial distributions of nematodes 
should have resulted. Hogue (1982) demonstrated that although the densities of 
the most abundant nematode species at station MB 1 varied significantly over a one 
year period, their relative abundances remained constant. Species did not show a 
differential response over time to environmental changes as would be expected if 
disturbance was initiating a successional sequence. Moreover, species were es-
sentially randomly distributed spatially with respect to each other at the within-
habitat level. If some species were adapted to opportunistically exploit newly 
generated habitat patches, while others only inhabited less recently disturbed areas, 
then significant positive and negative spatial associations between species should 
have resulted. This type of comparison, though, does not exclude the possibility 
that a few species, particularly the less abundant ones, are dependent upon localized 
disturbances. Likewise, if the temporal and spatial scales of disturbance in inter-
stitial habitats are much smaller than those examined, then difierences in the relative 
distribution of species might also have been overlooked. Other data based on 
detailed study of biologically disturbed patches, however, support the overall con-
clusion. Thistle (1980) has found that only a small proportion of the harpacticoid 
copepods living in shallow sandy sediments responded to the disturbance generated 
by enteropneust fecal mounds. Reidenauer and Thistle (1981) could find no 
harpacticoids disproportionately more abundant in sediment patches recently 
disturbed by stingrays. Thus far, there is li ttle evidence to suggest that disturbance, 
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either biological or physical, plays a crucial role in promoting the within-habitat 
coexistence of the dominant species in coastal meiobenthic communities. 

5. Conclusions 
1. Significant differences in the density of dominant nematode species occur over 
distances of kilometers (among stations) and centimeters (within box cores). No 
differences were detected between replicate box cores spaced 30 m apart. 
2. Approximately half of the variance associated with fluctuations in nematode 
abundance within the 3.3 km2 study area is attributable to small-scale differences 
found within 0.25 m2 box cores. 
3. Broad-scale variations in fauna! distributions are associated with water depth 
and the frequency of sediment disturbance. Species found in water deeper than 
25 m tend to be over 1.1 mm long and have smooth cuticles. Shallower locations 
were dominated by smaller species with modified cuticles. 
4. Small-scale variability in nematode distributions reflects an equilibrium between 
sediment disturbance, which tends to randomly disperse the fauna, and biological 
factors, which tend to aggregate the fauna. 
5. Species were randomly distributed with respect to each other at within-station 
spatial scales. If the coexistence of the dominant nematode species was maintained 
by localized, small-scale disturbances renewing limiting resources, then distinct 
groups of species which were either positively or negatively correlated should have 
resulted. There is no indication that either sediment or biological disturbances 
maintain the coexistence of numerically dominant species on these assayed spatial 
scales. 
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