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ABSTRACT: Microscale dispersion patterns of meiofauna and microphytobenthos from an oyster pond
on the French Atlantic coast were studied through spatial autocorrelation analysis during 2 successive
spring periods. Patch size was calculated using correlograms. Both microalgae genera and meiobenthos
taxa (except turbellarians in May 1987 and single groups of harpacticoid copepods in April 1988)
exhibited patchy distributions. Meiofauna patches ranged from <4 to 154 cm?, large diatom (=40 wm)
patches from <4 to 113 em? and smaller cell (<40 um) patches from <4 to 79 cm? High variability in
patch size was observed between taxa or genera, between years, and a second aggregation level (small
patches within large clumps) was shown by harpacticoid copepods. A log-log regression indicated
positive spatial associations among meiofauna and microphytobenthos assemblages but not with
nanophytobenthos (cells <40 pm). Furthermore, high complexity among microbiota interactions indi-
cates that no single causative factors may explain observed patterns. When positive significant
correlations between meiofauna taxa and microphytobenthos genera occurred, patch size was different.
Hence no very close overlap was detected and microphytobenthos was thought to only partially
influence meiofauna dispersion. However, selectivity of trophic interactions seems to exist and data

support the hypothesis of meiofauna spatial patterns being generated by feeding preferences.

INTRODUCTION

Meiofauna patchiness occurs over a wide range of
sediments and natural environments at different spatial
scales (Fleeger & Decho 1987). Mesoscale variability
(m to km) is related to such physical and chemical
factors as granulometry and salinity while microscale
dispersion (cm) involves organism-microhabitat and
inter-organism interactions (Bernstein et al. 1978).
Sedimentary heterogeneity, as biogenic structures (Bell
et al. 1978, Thistle 1978, Warwick et al. 1986) and
microtopography (Decho et al. 1985), may cause small-
scale patchiness in meiobenthos, but intraspecific and
interspecific interactions are predominant in homo-
geneous sediments (Heip 1975, Chandler & Fleeger
1987). Trophic interactions with sediment microbes
might be one of the most probable cause for meioben-
thos microscale patterns for both nematodes and
harpacticoid copepods (Montagna 1984, Decho &
Castenholz 1986, Montagna & Bauer 1988). Gray
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(1966a, 1967a, 1967b, 1968) and Gray & Johnson (1970)
pioneered research in this field in showing that
meiofauna species could actively choose bacterial
species and were aggregated in relation to bacteria.
Concerning microphytobenthos, there have been very
few attempts to assess relationships between meio-
fauna and microalgae patches but harpacticoid
copepod spatial patchiness is apparently a response to
diatom patchiness (i.e. chlorophyll a as microalgae bio-
mass estimation) (Decho & Fleeger 1988).

Microphytobenthos consumption by meiofauna is
highly selective and several laboratory experiments
have shown that nematodes (Trotter & Webster 1984,
Jensen 1987) and harpacticoid copepods (Vanden
Berghe & Bergmans 1981, Nilsson 1987) discriminate
between diatom cells. Furthermore, there is an indica-
tion that in situ uptake rates of radiolabeled substrates
are related to microbial diets (Carman & Thistle 1985).
Thus meiofauna spatial pattern may be related to feed-
ing preference.

The goal of this study was to demonstrate a specific
spatial coupling between microalgae and their her-
bivorous predators. To test this hypothesis, I analyzed
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their spatial patterns and assessed their patch size
using the spatial autocorrelation technique. The pre-
sent study identified both meiofauna taxa and mi-
crophytobenthos genera in an oyster pond on the
French Atlantic coast. Identified patterns were corre-
lated to establish in situ significant spatial associations.

MATERIALS AND METHODS

Microspatial patterns were studied in an oyster pond
situated on the West Atlantic coast of France near La
Rochelle (Charente-Maritime; 46°10'N, 1°15'W). The
area of the pond was 1500 m? and the water column
was about 40 cm deep. Water was completely replaced
every month during spring tide. Two sampling periods
were selected, in May 1987 (water temperature =
12.1°C, salinity = 34.1 %) and in April 1988 (14°C and
29.5 %.). For each period, one set of sediment cores was
collected using a regular sampler made of 64 cut off
plastic syringes (9 mm inner diameter) arranged in an
8 x 8 matrix (Fig. 1). The sampling area was 256 cm?
(16 % 16 cm) and each core (0.64 cm?) was placed in the
center of a quadrat (4 cm?). Only the first top centimeter
of sediment from each syringe was retained for further
processing (Coull & Bell 1979).

The sediment was fixed in 4 % formalin and stained
with Rose Bengal. Blanchard's et al. (1988) technique,
as modified for the present purpose (Fig. 2), was used to
simultaneously separate both meiofauna and mi-
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Fig. 1. Sampling design. Total area: 256 cm?; core area: 0.64
2
m
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crophytobenthos from the same sediment cores. This
method is based upon differential centrifugation in the
colloidal silica-gel Ludox HS-40 % and is designed to
retain organisms and algal cells in the supernatant
fraction. Meiofauna and microphytes were then iso-
lated by filtering the supernatant Ludox through a 40
um sieve. Meiofauna counting was executed to major
meiofauna taxa and the harpacticoid copepods
ontogenic stages (nauplii, copepodites). According to
their dominance, 4 harpacticoid copepods working
groups were recognized: Canuella sp., cletodids,
ectinosomatids and diosaccids (species related in body
shape with the family Cletodidae, Ectinosomatidae and
Diosaccidae, respectively). Large microalgae were
enumerated in a settling chamber using a phase con-
trast microscope. Six diatom genera (Surirella,
Gyrosigma, Pleurosigma, Nitzschia, Amphora, Melo-
sira), total pennate diatoms and microphytobenthos as
a whole have been counted. Pleurosigma and

Top one centimeter
of sediment

Differential centrifugation
(5500 rpm; 15 mn)
in Ludox HS-40%
(40 m1; 1.25 g.cm™)

Solid residue
(sediment)
Supernatant filtered
through 40 um
> 40 pm < 40 pm
Meiofauna & micro- Filtering through
algae enumeration Whatman GF/C
Chl.a
Nematodes measurements
Copepods
Canuella sp. y
Diosaccids Surirella
Cletodids Pleurosigma
Ectinosomatids Gyrosiama
Copepodites Nitzschia
Nauplii Amphora
Turbellarians Melosira
Meiofauna Microphytobenthos

Fig. 2. Protocol of Blanchard et al. (1988), using Ludox HS-40,
for simultaneous separation of both meiofauna and micro-
phytobenthos
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Gyrosigma have been pooled in one group. The so-
called nanophytobenthos fraction (Riaux & Germain
1980), suspended in the supernatant Ludox sieved
through 40 pm, was trapped on glass fiber filters (What-
man GF/C) and chlorophyll a concentration was meas-
ured spectrophotometrically (Lorenzen 1967).

Microscale dispersion analyses of meiobenthos,
diatoms and pigment concentrations were conducted
using spatial autocorrelation (Cliff & Ord 1973, Jumars
et al. 1977), This technique establishes a relation
between the different values taken by a random variate
and its spatial distribution to detect and measure the
relative magnitude of aggregations. Moran's and
Geary's index (weighing of distance™?; Jumars et al.
1977), and Fisher's index (s%/x) were used to analyze
spatial patterns. Moran's I ranges from —1 (maximum
negative autocorrelation) to +1 (maximum positive
autocorrelation) with the expected value of no autocor-
relation equal to E(I) = —(n—1)—1; Geary's ¢ ranges
from 0 for maximum positive autocorrelation to a posi-
tive value (>1) for negative autocorrelation (the
expected value is E(c) = 1). Moran's I detects aggrega-
tion due to extreme values in several adjacent cores,
whereas Geary's c tests whether adjacent cores contain
similar abundances (Jumars et al. 1977).

Patch size was determined using correlograms where
I and ¢ were plotted versus inter-sample distance
(Jumars 1978, Sokal & Oden 1978). Inter-sample dis-
tances were set as the Euclidian distance between
centers of neighboring cores, considering all directions,
and ranged from 2 to 14 cm (maximum distance on the
sampling area). As an example, Fig. 3 shows that the
patch radius (hence the patch size) is the inter-sample
distance corresponding to the crossing of I or c lines
with the expected wvalue lines (horizontal lines)
(Legendre & Legendre 1984).

RESULTS

Densities were significantly different (p<0.05) over
the 2 sampling periods (Table 1). Lower values were
recorded in May 1987 than in April 1988 for total
meiofauna (344.72+12.01 ind. core™! in 1987 and
197.52+7.94 ind. core ! in 1988) and microalgae
(1344.40 + 67.08 cells core™' in 1987 and 403.95 %+
23.74 cells core ! in 1988). The same change occurred
for the nanophytobenthos (algal cells <40 um), as esti-
mated by chlorophyll a concentration (from 1.17 = 0.1
ug g~ dry weight sediment to 1.07 + 0.06 pg g~ '), but it
was not significantly different. Relative abundances in
meiofauna taxonomic composition were very similar for
the 2 periods (Table 1). Nematodes constituted the
dominant taxon (61.37 % in May 1987 and 77.80 % in
April 1988) followed by nauplii (26.60 and 17.18 %),
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Fig. 3. Correlograms of I and c versus inter-sample distance for

(A) nematodes and (B) microphytobenthos in May 1987.

Expected values (random dispersion) are indicated by hori-

zontal lines; deviation showing positive autocorrelation is

given in the right-hand margin. (%) Significant autocorrela-
tion at the 1 % level; (0) at the 5 % level

adult copepods (9.75 and 3.83 %), copepodites (1.55
and 1.21 %) and turbellarians (0.72 % and absent from
the second sample). On the other hand, microphyto-
benthos community structure changed. Abundances
of centric diatoms dominated the community (77.12 %
Surirella) in May 1987, but pennate diatoms dominated
(89.74 % Pleurosigma-Gyrosigma) in April 1988.

Most meiofauna and microphytobenthos had a
patchy distribution since Fisher's index is significantly
greater than 1. However, turbellarians in May 1987,
copepodites and harpacticoids (Canuella sp., diosac-
cids, cletodids, ectinosomatids) in April 1988 were not
aggregated (Table 1). The latter fit Poisson distribution,
thus describing a random dispersion. Coefficients of
variation for chlorophyll a were respectively 65.56 and
43.93 % for the 2 samples, indicating a very high spatial
heterogeneity of pigment concentrations as previously
observed by Plante-Cuny (1978).

For spatial autocorrelation analysis, Moran's and
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Table 1. Meiofauna and microphytobenthos univariate statistics during 2 sampling periods (core size: 0.64 cm?). (%): Relative
abundance; (x): Mean; SE: Standard Error; s%: Variance; s?/X; Fisher's index. ND: not detected

Taxonomic May 1987 April 1988
group (%) x* SE §? Fisher (%) x+ SE s? Fisher
Meiofauna
Nematodes 61.37 211.54 +7.58 3674.43 17.37*** 77.80 14971 + 6.85 3002.83  20.36"**
Copepods 9.75 33.62 + 2.15 295.95 761 3.83 7.32 + 0.46 4.48 1.97*
Copepodites 1.55 5.35 + 0.39 9,59 1,81~ 1.21 2.32 +0.21 2.84 TS
Nauplii 26.60 91.71 + 4.11 1078.83  11.76"** 17.18  33.06 + 1.63 170.4 Siqnye
Turbellarians 0.72 2.49 + 0.19 2.40 0.96M ND ND ND ND ND
Total 100.00  344.72 +£12.01 9238.86  26.80***  100.00 197.52 + 7.94 4031.34  20.51°***
Harpacticoids
Canuella sp. 13.51 4.54 + 0.39 9.68 2:13%%e 0.68 0.05 £ 0.03 0.04 0.94N8
Diosaccids 25.11 8.44 + 0.59 22.71 2.69°"" 25.41 1.87 £0.17 1.92 1.03N8
Cletodids 32.58 10.95 + 1.03 68.23 Bi23%ee 43.34 3.19 + 0.31 6.15 1,93N8
Ectinosomatids 28.80 9.68 £ 0.75 35.99 i e 30.57 2,25 £ 0.20 2.56 1.14N8
Microphytobenthos
Surirella 77.12 1036.81 = 50.93  166000.00 160.11*"* 2.26 9.13 +1.20 91.86 10.06°**
Pleurosigma- 8.62  115.94 + 10.26 6741.00 58.14*** 89.74 36251 +£2226  31726.55 B87.52°""
Gyrosigma
Nitzschia 1.13 15.29 £ 1.75 195.00 12.75°** 3.71 14,97 +2.43 378,75 25.30***
Amphora 10.33  138.92 + 8.88 5050.00 36.35*** 2,27 917 + 1.47 139.20 15.17°°*
Melosira 2.78 37.44 + 7.24 3360.00 89.74*** 2.02 8.17 + 2.62 437.86 53.56°°*
Pennate diatoms 18.09  242.94 + 16.01 16400.00 67.51*** 95.72 386.65*23.16  34323.47 88.77'*"
Microphytobenthos 100.00 1344.40 = 67.08 288000.00 214.22*** 100.00 403.95+ 23.74  36085.95 89.33°**
NS Not significant; * 0.01 <p <0.05; *** p<0.001

Geary's index were calculated versus inter-sample dis-
tances. Correlograms (Fig. 3 is an example) were used
to derive patch size. When Fisher's index is significant
but I and c are not, it means that the size of the
aggregates is less than sampling scale (Sokal & War-
tenberg 1981). Therefore, patch size is less than 4 cm?,
This was true for total adult copepods, Canuella sp.,
and cletodids (Table 2); the microalgae Melosira and
chlorophyll a concentration (Table 3) in May 1987;
nematodes, total adult copepods, total meiofauna
(Table 4); and the genera Nitzschia and Melosira
(Table 5) in April 1988. If Moran's index is significant
but Geary's is not, then aggregation is due to few
patches of extreme abundances. This is true for the
copepods and diosaccids (Table 2) and the microalgae
Surirella and total microphytobenthos (Table 3) in May
1987. The harpacticoid ectinosomatids in May 1987
(Table 2) were distributed in many patches of the same
abundance since c is significant but I is not. All other
groups had 3 significant dispersion indexes, indicating
a high tendency to aggregate. Some harpacticoids
(total adults, copepodite stage, cletodids and ectino-
somatids [Table 2] in May 1987 and nauplii stage
[Table 4] in April 1988) exhibited patches themselves
aggregated into larger clumps (clump is defined
hereafter as the aggregation of primary patches).
Patches and clumps constitute what is known as 2-level

patchiness. The corresponding correlograms indicated
clumps larger than the sampling area. This was not
detected with either other meiofauna taxa or micro-
phytobenthos and nanophytobenthos. Considering all
meiofauna taxa and microphyte genera, patch size was
very variable between years (Table 6).

To detect spatial overlaps, a log-log regression was
performed between all possible meiofauna-microalgae
densities. Only significant associations from 152
regressions are reported in Table 7. Total meiofauna
always exhibit a spatial coupling with total microphy-
tobenthos (correlation coefficients were respectively
significant for p<0.01 and p<0.05). Nematodes were
positively associated with Pleurosigma-Gyrosigma
over the 2 sampling periods (p<0.05) and with
Surirella in May 1987 (p<0.001) whereas cletodids
(p<0.01), ectinosomatids (p<0.001), copepodites
(p<0.01) and nauplii (p<0.01) showed significant
associations with the microalgae Amphora in May
1987. Unexpectedly, the harpacticoid cletodids and the
nauplii were negatively associated with the alga
Amphora (p<0.05) in April 1988, Total adult copepods
and the harpacticoid Canuella sp. were never involved
in a significant correlation with any microphyte genera.
Chlorophyll a concentrations only showed negative
associations with total adult copepods and copepodites
(p<0.05) in May 1987.
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Table 2. Statistics for meiofauna spatial autocorrelation analysis in May 1987. I: Moran's index; c: Geary's index as a function of

inter-sample distance for meiofauna taxa. (Expected values E(I)=—0.016 and E(c)=1.000)

Taxonomic Index Inter-sample distance
group 1 2 3 4 5 6 7
Nematodes I 0.199"* 0.084N8 0.049M5 -0.189" 0.037N8 —0.037N8 0.246™°
c 0.803** 0.955N8 0.951N 1.471" 0.902N8 0.894N5 0.639M%
Copepods I 0.025™8 —-0.174"* —0.049M8 0.178* 0.254" 0.080N5 —0.252M5
c 0.976* 1.266" " 1.013N8 0.808* 0.766™° 0.613* 1.118N8
Canuella sp. 1 —0.043Ns 0.061N 0.041™5  —0.053N 0.087N% —0.01 7N 0.067"%
c 1.010M8 0.885NS 0.910N8 1.036M° 0.956M% 1.087N 0.990N%
Diosaccids I 0.136" =0.107M5 0.076N5 —-0.019™s 0.079N% —0.069N —0.090M°
c 0.915M 1.153N8 0.918M8 1.003M8 0.884N8 0.835M8 0.702M%
Cletodids I 0.059™% —-0.152* —0.085M° 0.198* 0.068NS —0.051N8 ~0.,055N8
c 0.978N8 1.258* 1.103™ 0.789" 0.840M5 0.722N% 0.763N5
Ectinosomatids I 0.053N% —0.029M8 0.051%8 0.164" 0.270* 0.126N8 ~0.559"
c 0.823* 0.984N% 0.880" 0.823* 0.806™ 0.951N8 2.146""
Copepodites 1 0.155* 0.047N8 0.025N8 0.136MS 0.229** 0.033M  —0.171M8
c 0.811** 0.985M3 0.957™5 0.851N% 0.707" 0.846M% 1.293N8
Nauplii I 0.110° —-0.118M8 0.107™8 0.012N% 0.054N8 —0.066N% —0.089N5
c 0.803""* 107108 0.802N8 0.972N% 1.055N8 1.:115M8 1.500M5
Turbellarians I 0.031N8 0.253** 0.150° 0.012M8 —0.038M% -0.183N8 —-0.125N8
c 0.978N8 0.724** 0.896M 0.972N 0.924N5 1.156N% 0.934N5
Total I 0.168** —0.044N58 0.070M —0.075N8 0.147%N8 0.001N% 0.155M%
c 0.804"" 1.070N3 0.884NS 1.058N8 0.879N8 0.874MS 0.910M
NS Not significant; * p<0.05; ** p<0.01; *** p<0.001

Table 3. Statistics for microphytobenthos spatial autocorrelation analysis in May 1987, I: Moran's index; c¢: Geary's index
function of inter-sample distance for microalgae taxa. (Expected values E(I)=—0.016 and E(c)=1.000)

Taxonomic Index Inter-sample distance
group 1 2 3 B 5 6 7
Surirella I 0.142* 0.016™5  —0.107™°  -0.110™ 0.010M8 0.104N8 0.063M
c 0.916N% 1,017 1.095N8 1.092N8 0.938N8 0.702N8 0,521
Pleurosigma- I 0.479°"* 0.273%*" 0.036M%  —0.194" —-0.191N 02278 _0295M%
Gyrosigma c 0.525°** 0.721°* 0.895N8 1.175° 1:24758 1.367N8 1.146M5
Nitzschia I 0.078M% ~0.023N8 0.134" 0.042N8  _0.14708 0.192N% 0.261N8
c 0.755*** 0.863N 0.815° 0.943M8 1.203N8 1.224N8 1.675N8
Amphora I 0.272°** 0.055N%  —0.103N%  —0.275°"" —0.248" —0.217" =0i18ghs
c 0.621°"" 0.820* 1.005N8 1.255°* 1.351°° 1.508*" 1733
Melosira 1 —0.007N¢ —-0.075N5 0.037N5  —0.147N  —0.102M5  _0.180NS ~0.158N5
c 0.864N5 1.005M5 0.978N5 0.129Ns 1.004N8 1.182N8 1.683N8
Pennate diatoms 1 0.365*** 0.185* -0.074N5  —0.313"" -0.233" ~0.135N8 0.413°
c 0.607"* 0.816" 1,053N8 1.292°* 1.199M8 1.033NS 0.755M%
Microphyto- 1 0.197"* 0.045™  —0.116N5  —0.241° —0.106M%  —0.066™ 0.052"%
benthos c 0.898Ns 0.969™% 1.171N= 1.222° 0.936N5 0.978M% 0.407™
Chlorophyll a I —-0.079™5  _0.043N%  _0.122M8 0.045N  —0.283N5  _0.084N% 0.026™
(nanophytobenthos) c 1.173N8 1.282* 1.010M8 0.940N8 117288 0.495Ms 0.374M5
NS Not significant; * p<0.05; ** p<0.01; *** p<0.001
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Table 4. Statistics for meiofauna spatial autocorrelation analysis in April 1988. I: Moran's index; c: Geary's index as a function of
inter-sample distance for meiofauna taxa in April 1988. (Expected values E(I) = —0.016 and E(c) = 1.000)

Taxonomic Index Inter-sample distance
groups 1 2 3 el 5 6 7
Nematodes I —0.083NS 0.082NS 0.008MS  —0.048" 0.028N8 0.017N8 0.110M%
c 1.052N8 0.913N5 1.072N8 1.032N8 0.799NS 0.904N5 0.970M%
Copepods I —~0.043N8 —0.114N8 0.094N5 0.069* —0.192N5 0.062N5  —0.215M
c 0.973Ns 1.084N8 0.876™° 0.917N8 1.194N8 1.002N8 1.547*
Canuella sp. I —~0.020M8  —0.034M5 0.051N%  _0.049N%  _—0.034™  —0.082N%  —0.136M°
c 0.821N% 0.876™° 0.997N8 1.033N% 0.870NS 1.37708 1.944N8
Diosaccids I —0.007N%  —0.030NS 0.222* 0.016™  —0.191M  _0.128N5 04720
c 0.979N% 1.058NS 0.796* 0.969™S 11015 1.050M8 1.527*
Cletodids I 0.005M% -0.158" 0.188* 0.050N%  —0.147™8  _0.058™5  —0.156M%
c 0.948N° 1.156° 0.803* 0.935M8 1.104N5 0.983N° 1.358NS
Ectinosomatids I —-0.025N8 —0.056N%  —0.143N%  —0.107NS —0.088N8 0.016MN%  —0.042NS
c 1.069NS 1.008N8 1.137N8 1.090N% 1.036N8 1.045N8 0.683N8
Copepodites I 0.003N%  —0.041NS 0.152* 0.021N8 0.097™%  _0.386°*  —0.250NS
c 0.908N 0.940M% 0.810" 0.964NS 0.946N5 1.632** 1.702*
Nauplii I —0.049NS 0.199**  —0.035N 0.186* —0.006NS  —0.227N8 0.054N8
c 0.988M5 0.818* 1.058N8 0.801* 0.940NS 1.136MS 1.156M8
Total I ~0.115N8 0.074% 00258  0.004NS  —0.006NS  —0.069NS 0,155
c 1.076NS 0.932N% 1.043N% 0.980N 0.859N5 0.970N8 0.967M
NS Not significant; * p<0.05; ** p<0.01; *** p<0.001

Table 5. Statistics for microphytobenthos spatial autocorrelation analysis in April 1988. I: Moran's index; ¢: Geary's index as a

function of inter-sample distance for microalgae in April 1988. (Expected values E(I) = —0.016 and E(c) = 1.000)
Taxonomic Index Inter-sample distance
group 1 2 3 4 5 6 7
Surirella I 0.192*" 0.014N  —0.018N5  —0.700™  —0.013™  -0.125™%  -0.026M5
(= 0.629*** 0.850M8 0.961NS 1.053N8 1.098M8 1.468N8 2.143*
Pleurosigma- I 0.299°** 0.134° -0.098™8  —0.120M  -0.143M%  _0.068"® 0.072Ns
Gyrosigma c 0.645°"* 0.841°" 1.073Ns 1.103N8 1.135M8 1.145N8 1.21478
Nitzschia I 0.048MS 0.011™8 0.030M%  —0.005™%  —0.008™ 0.028NS8 0.070NS
c 1.076N8 1.134N8 1.27005 0.989NS 0.533M8 0.551N% 0.191M8
Amphora I 0.279°** 0.032M8 0.167" 0.130%%  —0.125N%  _0.073NS 0.485*
c 0.697*** 0.808MS 0.775° 0.856™S 1.164NS 143508 0.510M
Melosira I —0.042M8 0.107M%  —0.036™°  —0.098N% 0.080™%  —0.095™5  —0,074N
c 1.108N8 0.941N8 1.244N8 1.081Ns 08.594* 0.892MS 0.737%S
Pennate diatoms I 0.304** 0.142° —-0.093M5  —0.127N  _0.160™°  -0.110M 0.059*
c 0.643** 0.827° 1.073NS 1.109MS 1.151N8 1.205M8 1.197N8
Microphyto- I 0.308** 0.133* —0.068N%  —0.140N5  _0.174™5  _0.148"° 0.087M8
benthos c 0.641°** 0.835* 1.059N8 112208 1.148N8 1.240M8 1.164M8
Chlorophyll a I 0.134" 0.116N5  —0.076NS  —0.131NS  —0.052N8 0.066MN°  —0.134MS
(nanophytobenthos) ¢ 0.806" 0.873M5 0.901M8 1.114M8 1.299* 0.967™S 1:3418%

NS Not significant; * p<0.05; ** p<0.01; *** p<0.001
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Table 6. Mean patch size (cm?®) for meiofauna and microalgal cells in May 1987 and April 1988. Patches refer to first aggregation
level and clumps to second clumping level each time it occurred or not (+/—)

Taxonomic groups May 1987 April 1988
Patches Clumps Patches Clumps
(cm?) (+/-) (cm?) (+/-)

Meiofauna

Nematodes 113 - <4 o
Copepods <4 - <4 |
Copepodites 50 + - -
Nauplii 28 - 113 4
Total meiofauna 154 - <4 =

Harpacticoid copepods

Canuella sp. <4 = = -
Diosaccids 28 = = -
Cletodids <4 + - s
Ectinosomatids 28 “+ = -
Microphytobenthos

Suriella 50 = 79 =
Pleurosigma-Gyrosigma 113 - 79 =
Nitzschia 50 - <4 =
Amphora 79 T 50 =
Melosira <4 B <4 =
Pennate diatoms 79 - 79 =
Total microalgae 79 - 79 =
Nanophytobenthos

Chlorophyll a <4 - 79 -

Table 7. Significant spatial associations between meiofauna taxa and microphytobenthos assemblages at the 2 sampling periods.
r: Pearson product moment correlation coefficient; n = 64

Periods Meiofauna Microphytobenthos r
May 1987 Nematodes Surirella 0.437***
Pleurosigma-Gyrosigma 0.258"
Total microalgae 0.439***
Diosaccids Pleurosigma-Gyrosigma 0.262"
Pennate diatoms 0.249*
Cletodids Amphora 0.342**
Ectinosomatids Amphora 0.451°**
Nitzschia 0.335*°
Copepodites Amphora 0.400**
Nauplii Amphora 0.344""*
Total meiofauna Surirella 0.376**
Amphora 0.265°
Total microalgae 0.368"*
April 1988 Nematodes Pleurosigma-Gyrosigma 0.240°
Nitzschia 0.241°
Pennate diatoms 0.268"
Total microalgae 0.261*
Cletodids Amphora —0.250°
Nauplii Amphora —0.294"
Total meiofauna Pennate diatoms 0.249°
Total microalgae 0.241°
*p<0.05 " p<0.01;""" p<0.001
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DISCUSSION

When the aim of a sampling is to examine biological
interactions among communities via interpretation of
distribution patterns, sampling scale is important. An
inappropriate sampling scale may mask spatial
heterogeneity and lead to erroneous conclusions. Find-
lay {1982) showed that a large number of small cores
(50 cores of 0.5 to 1.0 cm?) gives the best resolution for
meiofauna patterns, since a larger sampling scale
failed to detect contagious distributions. The design in
the present study (64 cores of 0.64 cm? covering
256 cm?) offers the most information for the least effort.
Extrapolating the surface area of the core to the larger
quadrat area (4 cm?) would still allow realistic interpre-
tations. Meiofauna patchiness is very likely to be vari-
able (Findlay 1981), therefore a large number of cores
delimiting a relatively large area is preferable to
duplicates or even triplicates which, for the same
sampling effort, would be made by fewer cores and
would cover smaller areas. As a result, these replicates
may fail to detect largest structures such as clumps
(characteristic of a 2-level patchiness).

Results in the present study are consistent with the
hypothesis of a meiofaunal response to microphytoben-
thos patchiness since both meiofauna and microalgae
exhibited a patchy distribution and a significant spatial
coupling did exist. Although meiobenthos aggregation
has well been documented (see Fleeger & Decho 1987
for a review), few investigations have been conducted
to determine patch size. The present work provides
estimations that lie within the range reported in Table 6
(<4 to 154 cm?). Findlay (1981) found lower values in a
muddy sediment (0.3 to 24 cm?) but Heip & Engels
(1977) reported considerable larger patches in a sandy
sediment (80 to 700 cm?). Findlay (1981) also detected a
second aggregation level with harpacticoid copepods
ranging from 5 to 32 cm? depending on species
whereas this study suggests values higher than the
sampling area with higher densities. A reproductive
behavior might result in 2 levels of patchiness (Findlay
1981). In May 1987, nauplii were patchy at 28 cm?
while copepodites and total adults showed aggregation
at 50 and 4 cm?, respectively. Smaller patches of adults
may have been made up of reproductively active indi-
viduals (therefore the 28 cm? patches of nauplii), while
the larger clumps were non-reproductive. On the other
hand, this explanation is not consistent with the 1988
sample (Table 6), since nauplii exhibited a 2-level
heterogeneity but adults did not. Other factors not
investigated in this study, such as bacteria-meiofauna
interrelationships, might influence meiofauna patch
size (Gray & Johnson 1970, Rieper 1978).

Microphytobenthos microscale spatial pattern has
had fewer investigations. Although aggregation has

previously been mentioned (Plante-Cuny 1978, Decho
& Fleeger 1988) and has been related to sedimentary
structures (Plante et al. 1986) or nutrient efflux (Hépner
& Wonneberger 1985), no data exist concerning patch
size and its taxonomic composition. In this study, at the
2 sampling periods, microalgae patches (cells > 40 pm)
ranged from less than 4 cm® to 113 cm?, close to the
magnitude of meiofauna first aggregation level. On the
other hand, nanophytobenthos (cells < 40 um) exhi-
bited aggregates of 79 cm? or less than 4 cm?, revealing
a discrepancy with meiofauna clumping and suggest-
ing that the sampling scale was suitable for both
meiofauna and microphytobenthos but not for small
algal cells. This may explain the lack of positive associ-
ation between meiofauna and nanophytobenthos.
Therefore, a correlation appears to exist between algal
cells and their patch size. Bell & Mitchell (1972) and
Bell et al. (1974) have previously noted that microbe
patches could be very small compared to meiofauna. A
further hypothesis is that bacteria, which are even
smaller than nanophytobenthos, would not be corre-
lated with meiofauna. This was shown by Montagna et
al. (1983) who also observed a positive correlation with
sediment diatoms. However, Gray (1966a, 1967a, b,
1968) and Gray & Johnson (1970) showed that bacteria
infuenced meiofauna patch formation.

Correlation coefficients show significant relation-
ships between total meiofauna and total microphy-
tobenthos (large cells), as well as between groups of
higher taxonomic levels. Changes in taxonomic associ-
ations occurred between years and were related to
alterations in relative abundances. Because of this
change, nematodes were positively associated with
the dominant microalgae genera, namely Surirella
(69 % of microphytes community in May 1987) and
Pleurosigma-Gyrosigma (90% in April 1988). They
were also associated with the Pleurosigma-Gyrosigma
group in May 1987 when it constituted only 8 % of the
community, indicating specificity of this spatial associ-
ation. The microalgae Amphora (9% in May 1987)
appeared to be selectively attractive for most harpac-
ticoids (Cletodidae, Ectinosomatidae, copepodites and
nauplii stages). These associations were not detected in
April 1988 probably because the decrease in Amphora
density made the abundances of the harpacticoids very
low. Austen (1989) experimentally observed a similar
effect and pointed out that harpacticoid copepods were
more affected than nematodes by a feeding regime
change because they appeared to be less flexible in
their nutritional requirements. In showing that 2 or
more diatom genera may be needed to satisfy the
nutritional requirements of meiobenthos, especially
nematodes, the present study confirms Austen's
hypothesis. Nutritional value of algal diet influences
growth and reproduction rates of nematodes (Lee &
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Lee 1979, Jensen 1984) and harpacticoid copepods
(Nilsson 1987). The physiological (digestive enzymes)
and morphological (mouthparts) abilities of nematodes
and copepods explain discrimination between cells
(Tietjen & Lee 1973, 1977, Vanden Berghe & Bergmans
1981, Jensen 1987). So meiobenthos microscale disper-
sion may very likely mirror its selective ingestion and
assimilation. Further, Warwick et al. (1984) showed
that macrofauna predation and disturbance activities
could induce either microalgae-feeding or bacteria-
feeding meiofaunal communities, also explaining, to a
certain extent, microphytobenthos-meiofauna interac-
tion variability.

Interpretation of negative correlations detected in
April 1988 (Table 7) is uncertain. These meiofauna taxa
and microalgae could exhibit spatial avoidance but this
explanation is contradictory since some of these pairs
were involved in positive associations in May 1987
(cletodids-Amphora, nauplii-Amphora). The alterna-
tive is that negative associations resulted from active
consumption by meiofauna, clumps of which might be
temporarily displaced from the corresponding micro-
bial clumps.

Although meiofauna taxa and microalgae genera
involved in significant associations exhibited patches
of the same magnitude, no very close overlaps occurred
among their spatial patterns. For instance, total
meiofauna sampled in May 1987 was distributed in
patches of 154 cm? co-occuring with microphytoben-
thos clumps of 79 cm? The situation was completely
different in April 1988 since meiofauna patches (less
than 4 cm? were much smaller than diatom ones
(79 cm?). Reported values in Tables 6 and 7 show a
similar trend in other associated groups. First, these
results stress the presence of a high temporal variabil-
ity in clump size, as has previously been mentioned for
meiofauna (Hogue 1978, Findlay 1981), and second
they suggest that diatoms are not the only meiofauna
patchiness determinant. An analogous observation was
noted by Montagna et al. (1983) during an in situ 1 yr
survey. Despite a significant correlation they did not
detect a time-lag relationship between meiofauna and
diatom abundance peaks that would be expected if
meiofauna density was a response to diatom peaks.
They stressed that a correlation coefficient does not
guarantee, a priori, cause and effect because it is very
difficult to consider all possible variables. Hence
meiofauna clumping might potentially be a multi-factor
response, Such physical and chemical parameters as
light, pore water content, grain-size, temperature, oxy-
gen concentration and salinity could play an important
role (Gray 1966b, Jansson 1966, 1967, 1968). In the
present work, although sampling was performed in the
same pond outside water inflow and outflow periods,
disruption of spatial patterns by resuspension of sedi-

ment must also be taken into account because of wind
siress in the 40 cm shallow water. Besides, several
other food resources may influence microscale disper-
sion of meiofauna in different ways. Bacteria has long
been recognized as a nutritional source for meiofauna
(Gray 1966a, Gray & Johnon 1970), particularly for
harpacticoid copepods (Gray 1968, Rieper 1978, Car-
man & Thistle 1985) and nematodes (Schiemer et al.
1980, Schiemer 1982), and in situ heterotrophic carbon
transfer to meiofauna has been measured by Montagna
& Bauer (1988). Ciliates are also grazed by harpac-
ticoids (Rieper & Flotow 1981) while decaying organ-
isms have been considered a possible cause for
nematode aggregation (Gerlach 1977) and phytal
detritus might be an important food resource for
meiofauna (Couch 1989). Further, complexity among
microbes interactions makes the in situ trophic deter-
minism of meiofauna patchiness even more difficult to
clarify. In laboratory experiments, Decho & Castenholz
(1986) demonstrated that 2 copepod species fed either
only on diatoms or only on bacteria, whereas a third
species ingested diatoms but only assimilated bacteria
closely associated with frustules and then rejected
intact diatoms in fecal pellets. So diatoms might only be
an indirect cause in aftracting meiofauna, as a simple
carrier, as well as the main factor involved in microbe-
meiofauna relationships, since Montagna (1984)
showed that autotrophic carbon flux to nematodes
and copepods was higher than heterotrophic carbon
transfer. Further, grazing experiments in this oyster
pond (Blanchard unpubl.) also appear to confirm the
importance of photoautotrophic carbon in meiofauna
nutrition.

In conclusion, the data in the present study are con-
sistent with the hypothesis that diatom dispersion par-
tially influences meiofaunal patchiness. Feeding pre-
ference is likely the main mechanism responsible for
the observed specific assemblages. Complexity of
meiofauna-microbe interrelationships (multiple inter-
acting trophic factors) may explain the year-to-year
variability and the abscence of close associations
between the 2 studied trophic webs. A further
hypothesis is that meiofauna and microphytobenthos
share similar spatial resource axes (light for photo-
autotrophs and oxygen concentration for metazoa, both
at the very surface of the sediment) and that this rela-
tionship is based on the microbial size spectrum, since
spatial interactions do not seem to exist between
meiofauna and nanophytobenthos. Emphasis has been
given to spatial variability rather than temporal fluctua-
tions, and all meiofauna taxa and microphytobenthic
genera have been considered so that the temporal
dimension could not realistically be integrated in the
sampling design. However, future investigations might
focus on single species rather than higher taxa since
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most recent findings tend to show selective feeding
behavior at the species level. By considering only few
species, the counting effort is lowered so that seasonal
effects could be integrated in the analysis of
meiofauna-microphytobenthos spatial relationships.
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