
Vol. 128: 247-259, 1995 MARINE ECOLOGY PROGRESS SERIES 
Mar Ecol Prog Ser 1 Published November 23 

Influence of epibenthos on meiobenthos of the 
Ceriops tagal mangrove sediment at Gazi Bay, Kenya 

J. S c h r i j v e r s l . * ,  J. Okondo2, M. Steyaert', M. vincxl 

'University of Gent, Department of Morphology, Systematics and Ecology, Marine Biology Section, K.L. Ledeganckstraat 35, 
B-9000 Gent, Belgium 

*Kenya Marine and Fisheries Research Institute, PO Box 81651, Mombasa, Kenya 

ABSTRACT: A cage experiment was used to exclude the epibenthos from the Cenops tagal mangrove 
sediment at Gazi Bay, Kenya. This made it possible to study Interactions with the melobenthos (in terms 
of predation, food competition and food enhancement). The density of the meiobenthic taxa and nema- 
tode genera and a broad range of abiotic variables were followed in a depth profile over 1 yr of caging. 
There was a signif~cant exclusion effect in the upper sediment layer for total meiofauna, nematodes and 
oligochaetes dunng the first 2 mo and for copepods during the last 6 mo of caging. The density of the 
most common predatory and microalgae-feeding nematodes in particular tended to increase in the sur- 
face layers as well as the percentage of muddy detritus and pigment concentration. Food competition 
with the epibenthos seems to be most important in structuring the nematode community. This is sug- 
gested by the parallel exclusion effect on muddy detritus, pigments and nematode composition and the 
lack of evidence for upward nematode migration in the cage during the experiment. The same can be 
concluded for the oligochaetes, whereas copepod densities are believed to be controlled more by pre- 
dation. These findings indicate that the meiofauna community of the C. tagal mangrove sediment (con- 
sisting of about 95% nematodes and oligochaetes) is part of a rather isolated, detrital food web with 
only minor predator-prey interactions with the epibenthos 
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INTRODUCTION 

Mangroves in Kenya are becoming increasingly sub- 
ject to anthropogenic impacts, especially uncontrolled 
dumping of domestic and industrial wastes (Ruwa & 
Polk 1986). The Ceriops tagal mangroves are one of 
the most extensive and economically important 
vegetation zones along the coast of Kenya (Kokwaro 
1986). A rational management of Kenyan mangroves 
can only be achieved by analysing structure, function 
and energy fluxes of the mangrove system and its rela- 
tion with other ecosystems. 

Ecological studies on the meiobenthos in East 
African mangrove systems are few (Dye & Furstenberg 
1978, Dye 1983a, b, Dye & Lasiak 1986, Vanhove et al. 

1992, Vanhove 1993, Schrijvers in press). In the pre- 
sent study, the interactions between the epibenthos 
(consisting mainly of crabs, gastropods, hermit crabs 
and - to a lesser extent - of shrimps and demersal 
fishes) and the meiofauna were examined. This could 
provide some insight into the role of meiobenthos in 
Ceriops tagal mangrove soils. 

The role of meiobenthos (generally consisting of 
about 90% nematodes) in the trophic dynamics of an 
overall benthic ecosystem has been hypothesized to be 
2-fold. (1) The meiobenthos may play an important role 
in the detrital food web as a self-contained energy sink 
regulated internally by predation. If this is the case, the 
meiobenthos depends on, or competes with, the other 
benthic subsystems (such as the epibenthos) for detri- 
tal food (Reise 1979, Heip 1980, Connell 1983, Gee et 
al. 1985, Olafsson & Moore 1992, Alkemade et al. 1993, 
Giere 1993, Walters & Moriarty 1993). ( 2 )  On the other 
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hand, several trophic links with the epibenthos have sign. After rerandomization this resulted in: 
been recognized, mainly in temperate areas. Predation 
on meiofauna is either selective or non-selective (Bell Bay 
& Coull 1978, Reise 1979, Tenore & Rice 1980, Gee et P B P  
al. 1985, Marinelli & Coull 1987, Gee 1989, Hall et al. C C B  
1990, McLachlan & Romer 1990, Caste1 1992, Olafsson 
& Moore 1992, Giere 1993). B P C  

For mangrove sediments as well, the potential influ- Land 

ence of the mangrove epibenthos in structuring the 
meiofauna is broad. One can expect that internally Rerandomization consisted of repeated randomiza- 
regulated meiofaunal communities are mainly affected tion until no possible gradient could be detected in the 
by competition with, and food enhancement by, the design. The units were 1 to 2 m apart and had a surface 
epibenthos (Bell 1980, Sultan Ali et al. 1983, Dye & of l m2 each, 
Lasiak 1986, Alongi 1989, Tietjen & Alongi 1990, Each blank unit was framed with a rope. The partial 
Alongi & Christoffersen 1992), whereas meiofauna that cages were identical to the regular cages (Fig. l ) ,  but 
is consumed by this epibenthos would be more preda- one side of the upper part was not covered with netting 
tor controlled (Bell 1980, Hoffman et al. 1984, Dittmann so as to avoid exclusion of epibenthos. The epibenthos 
1993). Moreover, the physical disturbance and modifi- in the cages was removed manually within the first 5 h 
cation of the mangrove sediment by the epibenthos of the experiment. 
(mainly through tube digging and feeding activities) Five samples were taken over time: period 1, before 
may also be of importance (Bright 1977, Bell & Coull caging (6 August 1992); period 2, after 22 d of caging 
1978, Alongi & Tietjen 1980, Bell 1980, Sherman & (28 August 1992); period 3, after 52 d of caging (27 
Coull 1980, Hoffman et al. 1984, Dye & Lasiak 1986, September 1992); period 4 ,  after 139 d of caging 
Marinelli & Coull 1987, Alongi 1989, DePatra & Levin (23 December 1992); period 5, after 350 d of caging (30 
1989). July 1993). 

MATERIAL AND METHODS 

Study area. The Ceriops tagal mangrove vegetation 
zone of Gazi Bay, Kenya, is situated 50 km south of 
Mombasa (4" 25' S and 39" 50' E) .  It has an area of 
about 0.5 km2. The study site was situated in the non- 
exploited and patchy C. tagal vegetation that borders 
the west bank of the western creek of the bay. This site 
is about 2.8 m above mean low water spring level 
(intermediate in the tidal range) and is inundated dur- 
ing about 65% of the high tides (F. J. Slim pers. 
comm.). For a more detailed description of the studied 
area and station see Schrijvers (in press) and Schrijvers 
et al. (1995) (Stns C2 and G l ,  respectively). 

Experimental design. All epibenthic and hyperben- 
thic animals (hereafter called 'epibenthos') (>2 mm) 
were excluded from the cages, and the influence on 
the meiobenthic structure was followed through time. 
In addition to the full cages (C), 2 control treatments 
were chosen: true blanks (B) and partial cages (P). 'B' 
controlled for temporal natural variation while 'P' cor- 
rected for possible procedural impacts. Three units 
were assigned to each treatment. These 9 experi- 
mental units were arranged in a randomized block 
design sensu Hurlbert (1984) to obtain an optimal ran- 
domization/interspersion ratio, to reduce the probabil- 
ity of chance segregation of treatments and to yield a 
more sensitive ANalysis Of VAriance (ANOVA) de- 

Fig. 1. Model of the cage construction used in the exclusion 
experiment. It cons~sted of a lower and upper part The lower 
part was composed of four 0.3 m high perforated PVC plates 
which were completely buried in the sediment. The upper 
part was composed of an aluminium frame (0.7 m high) that 
was covered b.: a plastic net with 2 mm mesh size. The top - - 
was detachable to facilitate sampling. (Drawing by Bruyneel 

1995) 
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On each occasion, bottom samples were taken at  the 
same coordinates (randomly chosen) of the surface for 
each unit and within 10 cm from the edge. Core holes 
were immediately filled with silicon plugs or sediment 
bags to avoid influencing the surrounding sediment 
that was to be sampled later in the experiment 
(Marinelli & Coull 1987). 

The use of partial cages controlled for possible arte- 
facts (fouling, shading, sedimentation, moisture, litter 
fall and presence of epibenthos) (Hairston 1990). 

Abiotic factors. One 6 cm diameter core sample was 
taken in each unit per period. The bottom water in the 
sample holes was analyzed for bulk values of pH, 
salinity and dissolved oxygen (DO2) with a combined, 
calibrated electrode with consolidated cover, a refrac- 
tometer and a Clark type 737 electrode, respectively. 
Other measurements were performed on vertical slices 
of the core (0-2, 2-4, 4-10, 10-rest cm). Temperature 
and redox potential were measured in the 3 uppermost 
slices using a bar thermometer sensitive to O.Ol°C and 
a combined Hamilton electrode, respectively. For all 
slices, the % of particulate organic matter (POM) and 
some granulometric variables were determined. After 
drying at 100°C, the POM was quantified via the loss in 
weight following a 600°C combustion for 4 h. A Coul- 
ter@ LS Particle Size Analyser was used to characterize 
the granulometry of the sediment. This analysis was 
done both before and after a 600°C combustion. Before 
analysis, the gravel fraction (>850 mm) was mechani- 
cally separated by sieves. 

A 1 cm diameter core was used to estimate the % of 
organic carbon in the slices 0-2, 2-4 and 4-10 cm with 
a Carlo Erba NA 1500 series 2 C-analyser. The 2 
uppermost slices were analysed for chlorophyll a and 
fucoxanthin pigment concentration (using a Gilson 
high-performance liquid chromatography (HPLC) 
chain according to a slightly modified method of Man- 
toura & Llewellyn 1983). 

Biotic factors. Samples were obtained by taking 1 
handcore (3.6 cm diameter) per unit to a depth of 20 cm 
and slicing it along a vertical gradient of 0-2, 2-4, 
4-10 and 10-rest cm. Each slice was preserved in a hot 
(60°C) 4 % formalin solution. Extraction of meiofauna 
from the sediment (sieve meshes of 38 pm and 1 mm) 
was done by centrifugation (2734 X g for 3 X 3 min) 
with MgS04 with a density of 1.28, a method that al- 
lowed for a fast and easy separation of the target fauna 
from mangrove roots and detritus. The nematodes and 
other meiofauna taxa were counted. Densities are ex- 
pressed as numbers of individuals per 10 cm2. 

The nematodes of the 3 cage treatment units for peri- 
ods l and 3 were picked out (mean of 3 X 120 individu- 
als) and identified to genus level. They were classified 
in trophic groups according to the commonly used 
feeding types 1A (selective deposit feeders), 2A (epi- 

stratum feeders), 1B (non-selective deposit feeders) 
and 2B (omnivores/predators) (Wieser 1953). 

Statistical analyses. Non-parametric Spearman rank 
correlation coefficients were calculated (p  < 0.05) to 
determine a relationship between biotic and abiotic 
variables along the depth gradient and along the hori- 
zontal gradient within the upper layer. 

An ANOVA was used to test for significant differ- 
ences of meiofauna densities in different treatments (B, 
P and C), periods (1 to 5) and slices (the 4 mentioned 
above). A 3 X 4 (between groups) X 5 (within subjects) 
design was constructed, with treatments and slices as  
groups and periods as subjects repeated over time. 
Detailed comparison between groups was done by a 
contrast analysis. Exclusion effects (E) were defined as 
significant differences between cage and blank-partial 
cage, while procedural effects (Pr) yielded significant 
differences between cage-partial cage and blank. The 
density data were root-root transformed and the % val- 
ues of abiotic variables were transformed angularly to 
meet the ANOVA assumptions (normality, homogenei- 
ty of variances and non-correlation between means 
and variances). 

RESULTS 

Spatial distribution patterns 

Depth profile 

The ANOVA for the total slice effect indicated a 
significant (p < 0.05) depth gradient in the sediment 
for both abiotic and biotic factors. Fig. 2 shows the 
existence of a prominent gradient from sandy, well- 
oxygenated, warm and pigment-rich surface layers to 
muddy, less oxygenated, colder and pigment-poor 
deeper layers. 

Most meiofauna taxa (e.g. nematodes, oligochaetes 
and copepods) had significantly higher densities in the 
upper layers. In contrast, the halacaroids did not follow 
this pattern: they were significantly more abundant in 
slice 4-10 cm (Fig. 2). Other meiofauna taxa did not 
show a prominent depth pattern. 

Horizontal pattern in the upper layer 

To exclude the overriding vertical pattern, the Spear- 
man rank correlation coefficients were calculated for all 
0-2 cm layers (Table 1). A clear division could be made 
between muddy and sandy patches. The former were 
positively correlated with detritus and pigments, while 
the latter were characterized by higher temperatures. 
Copepods, kinorhynchs, oligochaetes and polychaetes 
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% of POM 

dens. of nematodes 
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% of mud after combustion 

dens. of oligochaetes 

redox potential (mV) 
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cone. chl a (nglg DWT) 
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temperature (Â¡C 
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Fig. 2. Depth profile of 
some abiotic and bio- 
tic variables (means of 
values over 1 yr). 
POM: particulate or- 
ganic matter. Densities 
given as ind. 10 cm" 

occurred in higher densities in the first habitat. These The raw data are presented in Figs. 3 , 4 , 5 ,  7 & 10. Means 
taxa, together with ostracods, also showed a tendency with standard deviations can be found in Tables 2, 3  & 5. 
to avoid high temperatures but preferred high salinities 
and chlorophyll a concentrations. 

Abiotic factors 

Experimental results Exclusion effect. Highly significant exclusion effects 
(p  < 0.01) were demonstrated for chlorophyll a and 

ANOVA allowed us to detect significant differences fucoxanthin concentration in the surface layer (Fig. 3, 
among treatments within specific periods and vice versa. Table 2). 

Table 1. Significant positive and negative Spearman rank correlations (p  < 0.05) for some abiotic and biotic variables. Cope: cope- 
pods; Kino: kinorhynchs; Ohg: oligochaetes; Poly: polychaetes; Ostr: ostracods; Hala. halacaroids 

Cope Kino Olig Poly Ostr Hala Temp Chl a POM 

% of mud before combustion + + + 
% of mud after combustion + + 
% of sand before combustion - 
% of sand after combustion - - 
Salinity (ppt) 
Temperature ('C) 
Chlorophyll a (ng g^' dry wt) 
Fucoxanthin (ng g dry wt) 
% of POM 
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fucoxanthin concentration (ng/g DWT) chlorophyll a concentration (ng/g DWT) 

A 

300 

200 , 
100 ' 

0 22 52 139 350 
days after caging 

Fig. 3. Fucoxanthin and chloro- 2-Acm 

phyll a concentration (ng g" dry 
wt) in the cage, partial cage and 
blank: mean values of the 2 upper 
layers over time. E: significant 

exclusion effect with p < 0.05 
22 52 1 39 

days after caging 

% of mud before combustion 

fiO 8 

temperature (Â¡C 
blank 

Fig. 4 .  Mud before combustion 
(YO) and temperature ('C) in 24cm 

the cage, partial cage and 
blank: mean values of the 2 
upper layers over time. E: sig- 
nificant exclusion effect with 

p < 0.05 

1 0 .  .... \ 

5 ' 

0 22 52 139 350 
days after caging days after caging 

% of mud after combustion salinity (ppt) 

Fig. 5. Mud after combustion 
(%) and salinity (ppt) in the 2 - 4  cm 
cage, partial cage and blank: 
mean values of the 2 upper 
layers over time. Pr: signifi- 
cant procedural effect with p < 

0.05 

30" 
0 22 52 139 350 

days after caging 
22 52 139 

days after caging 
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Table 2. Mean and standard deviation values of some abiotic factors of the 2 upper layers in the 3 treatments (B, C and P) over 
5 periods 

.- - 

Slice 0-2 cm 
Chlorophyll a (ng g-' dry wt) 

Fucoxanthin (ng g '  dry wt) 

% of mud before combustion 

Temperature ('C) 

% of mud after combustion 

Salinity (ppt) 

Slice 2-4 cm 
Chlorophyll a (ng g '  dry wt] 

Fucoxanthin (ng g '  dry wt] 

% of mud before combustion 

Temperature ('C) 

% of mud after combustion 

Salinity (ppt) 

Treatment Period 1 Period 2 

6199 Â 96 
5903 Â 383 
3584 Â 1575 

1649 Â 182 
1771 Â 115 
1254 Â 341 

14.79 Â 8.12 
35.32 Â 10.52 
13.61 Â 3.97 

30.80 Â 2.57 
25.57 Â 1.54 
27.57 Â 3.24 

22.26 Â 3 48 
8.76 Â 3.94 
5.73 Â 1.13 

41 Â ±  
39 Â 0 
39 Â 3 

1369 Â 0 
2249 Â 3051 
1485 Â 1742 

405 Â 0 
539 Â 636 
522 Â 738 

19.79 Â 5.83 
36.09 Â 8.62 
19.37 Â 3.3 

28.77 Â 2.41 
25.13 Â 1.07 
26.57 Â 2.49 

19.60 Â 4.18 
9.50 Â 1.21 
7.97 Â 0.89 

41 Â ±  
39 Â 0 
39 Â 3 

Period 3 Period 4 Period 5 

A significant exclusion effect (p  < 0.05) on % of mud 
before combustion was notable in slices 0-2 cm and 
2-4 cm (Fig, 4, Table 2). The increase in temperature 
during the first 22 caging days for slices 0-2 cm and 
2-4 cm in the cages appeared as an exclusion effect 
(Fig. 4, Table 2) .  

Procedural ef fect .  Two variables (Fig. 5, Table 2) 
underwent a clear cage construction effect. 

In contrast with the muddy fraction before combustion, 
the % of mud after combustion was influenced by the ex- 
perimental procedure in the upper slices. The evolution 
of the % of muddy detritus is clearly visible in Fig. 6 .  

Four months later, the blank salinity was signifi- 
cantly higher than the salinity in both other treatments. 

No effect .  Clear effects on % of POM, % of C,  
pH, DO2 and other granulometric factors were not 
detected. 

Biotic factors 

Exclusion effect .  Exclusion effects were observed for 
nematode and total meiofauna density in slices 0-2 
and 2-4 cm (Fig. 7, Table 3). It showed an increase of 
1.5 to 2x in the cages as compared to control treat- 
ments. 

The nematode increase in the surface layer of the 
cage in period 3 was not accompanied by a clear 
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before caging 52 days after caging 

Volume % (Average) Volume % (Average) 

5 

IT1 a, 

- " E, 
D z > 

0 
0.5 1.0 10 50 100 700 0.5 1.0 10 50 100 700 

Particle Diameter @m) Particle Diameter @m) 

1 Volume % (Avc ?rage) -, Volume % (Average) -, 

Particle Diameter (um) Particle Diameter (urn) 

2 0 1  Volume % (Average) -, 10- Volume % (Average) 

Paflicle Diameter @m) Particle Diameter @m) 

Fig. 6. Grain size composition before and after combustion (volume %) of the surface layer in cage, partial cage and blank sites 
over 2 periods (with indication of the % of muddy detritus) 

Table 3. Mean and standard deviation values of total meiobenthos and nematode density (ind. 10 cm-') of the 2 upper layers in 
the 3 treatments (B, C and P) over 5 periods 

Treatment Period 1 Period 2 Period 3 Period 4 Period 5 

Slice 0-2 cm 
Total meiobenthos B 1298 * 142 1018 k 531 624 i 30 700 t 206 1416 i 305 

C 1542 * 142 1865 t 278 2120 t 156 1255 k 584 2676 i 415 
P 1409 * 382 1542 + 153 1024 t 206 700 T 206 2089 i 393 

Nematoda B 713 S 39 873 * 446 562 * 11 627 * 228 1451 i 319 
C 1182 204 1663 ? 219 1972 2 154 1235 T 497 2620 i 351 
P 952 r 151 1354 * 153 894 i 174 1084 * 324 2027 * 356 

Slice 2-4 cm 
Total meiobenthos B 1195 + 312 527 * 359 241 i 64 420 r 229 548 i 120 

C 650 r 249 582 + 135 608 i 338 802 t 298 849 r 313 
P 1010 ? 295 439 -t 212 377 r 212 759 r 357 965 k 318 

Nematoda B 481 + 178 458 -t 309 221 i 63 403 + 224 544 i 117 
C 564 + 231 554 2 44 596 i 343 799 k 296 845 i 313 
P 652 + 205 410 k 200 359 * 211 757 + 356 963 i 318 
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nematode denslty (ind.11 Ocrn2) 
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Flg. 8 Depth profile of the mean nematode density in the 
cage over 2 periods 
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I 

- 
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- 

. 

before caglng 

Table 4. Mean density values (ind. 10 cm-2) of the most com- 
mon nematode genera of the surface and deepest layer in the 

cage over 2 periods 

' \  / ,,' 2 m  - 
2 m  - / /  :. 

/ , X '  , / , '  
/ ,,' 

1500 -:...------'-. , . 
,' lcloC3 -.A-'- ..-- 

1000- 
___...----- 

500 - 

"O6 22 52 139 350 0 22 52 139 350 
0 - '  

1400- 12M) 
E-Pr 

loo0 

800 --+L - - ' . - ';' 600-21 ,, 
600 ---- 
400 - 400 

- 
200 - 200 - 

o-' L 0 ' 
o 22 52 139 350 o 22 52 3& 

Feeding Slice Slice 
type 0-2 cm 10-rest cm 

Per 1 Per. 3 Per. l Per. 3 

Chromaspirina 2B 43.4 294.2 98.7 95 1 
Microlaimus 2A 43.5 185.5 246.7 268.8 
Daptonema 1B 154.1 64.0 33.0 116.0 
Ptycholaimellus 2A/2B 158.1 179.1 32.9 - 
Sphaerolaimus 2B 71.1 95.9 - - 
Spirinia 2A 71.1 121.5 16.4 - 
Desmodora 2A 142.3 179.1 82.3 54.5 

2500 

Fig. 7 Total meiofauna and 
nematode densities (ind. 10 
cm-') in the cage, partial cage 
and blank: mean values of the 
upper layer over time. E: sig- 
nificant exclusion effect with 
p < 0.05; Pr: significant proce- 

feedlng type 1A 8-63 before caglng type lB 52 days after caglng 

slice 0-2 cm feeding type slice 0-2 cm 

- / i / 

days after caging days after caging dural effect with p < 0.05 

before caging 
slice 10 cm-rest 

52 days after caging 
slice 10 cm-rest 

Fig. 9. Mean relative composition 1%) of the nematode feed- 
Ing types (Wieser 1953) of the surface and deepest layer of the 

cage over 2 periods 

decrease in the deeper layers (Fig. 8), which indicated 
that upward vertical migration could not explain the 
observations. 

After 5 mo (period 4) and 1 yr (period 5) the exclusion 
effect was no longer detectable, density differences 
between treatments having fallen back to their original 
levels. 

For nematode feeding guilds 2 parallel (though non- 
significant) trends were observed in the cages over 
time (Fig. 9). There was a general increase of feeding 
type 2B (omnivores/predators) in slice 0-2 cm at the ex- 
pense of type 1B (non-selective deposit feeders) and 
there was no change for type 2A (epistratum feeders). In 
the deepest layer an opposite change in feeding types 
occurred with a decrease in 2B and an increase in 1B. 
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oligochaete density (1nd.11 Ocrnz) 

Fig. 10. Oligochaete and copepod densities (ind. 10 cm-') in the cage, partial cage and blank: mean values of the upper layer 
over time. E: significant exclusion effect with p c 0.05 

copepod dens~ty (1nd.11 Ocmz) 

As for the most common nematode 
genera, Chromaspirina and Sphaero- 
lairnus (type 2B) and Ptycholaimellus 
and Spirinia (type 2A) increased con- 
spicuously in the surface layer, 
whereas Daptonema (type 1B) in- 
creased in the deepest layer (Table 4 ) .  

As for the other meiofauna taxa, ex- 
clusion effects were demonstrated for 
copepod and oligochaete densities in 
the upper layer (Fig. 10, Table 5) .  The 
oligochaete response was observed as 
a density increase in the upper slice of 
the cage after 2 mo (10x). Copepod 
densities showed a general decline 
over 1 yr. ANOVA only showed a sig- 
nificant exclusion effect during the last 
half year of caging. The upward trend 
during this period was sigilificantly 
stronger in cages (4x) than in partial 
cages and blanks. 

No effect. No procedural effect 
could be demonstrated for the patterns 
in nematode, oligochaete or copepod 
densities. Neither procedural nor 
exclusion effects could be detected for 
polychaetes, ostracods, halacaroids 
and kinorhynchs. 
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Spatial distribution patterns 
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Table 5. Mean and standard deviation values of oligochaete and copepod density 
(ind. 10 cm-2) of the surface layer in the 3 treatments (B, C and P) over 5  periods 

Treatment 
Period 1  

Oligochaeta B 4 2 1 
C 2 2 3  
P 3 * 2  

Copepoda B 6 i 1  
C 19 * 11 
P 14 * 10 

Slice 0-2 cm 
Period 2  Period 3  Period 4 Period 5  

1 6 i 8  9 i 6  1 2 i 8  O i O  
8 * 5  2 2 * 1  1 2 2  7 i 4  

2 9 * 2  1 3 2 8  1 2 * 8  I t 1  

5 * 3  2 * 2  2 * 2  1 i 1  
8 2 5  7 * 7  O r 0  4 i 1  

1 3 i 9  1 i O  2 i 2  2 i 2  

Table 6 Qualitative observations (-: absent, +. present, + intermediate) of pos- 
sible artefacts in the 3  treatments ( B ,  C and P) after 1  and 5 mo of caging with 

procedural evaluation 

I After 1 mo of caging After 5  mo of caging Evaluation 
B C P  B C P  

Fouling - - - 
Shading - + i 

Sedimentation - - - 

Moisture - - - 
Litter fall + - 2  
Epibenthos + - + 

- - OK 
* * Procedural 
- OK 

t + Procedural 
- * * OK 

+ - +  * OK 

al. 1994). Most meiofauna taxa have been shown to 
prefer subsurface O2 rich layers (Dye 1983a, Alongi & 

Sasekumar 1992). It is therefore not surprising that 
they are found to be positively correlated to characte- 
ristics such as  chlorophyll a concentration that are typ- 
ical for these layers. 

The study shows a correlation of the meiobenthic 
community structure with physical gradients in the Experimental design 
sediment. This may reflect a typical rigid system of 
abiotic factors regulating infaunal community struc- The meiofauna are useful subjects in cage exclusion 
ture in extreme eulittoral habitats (Hulings & Gray experiments because of their short generation time 
1976). Especially in mangrove sediments the pigment and benthic larval stage (Bell 1980). Exclusion was 
gradient is very conspicuous (Alongi 1989, Ming-Yi et achieved by removing large epibenthic organisms such 
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as crabs and gastropods by hand. Besides the observed than that of treatment B as a result of the cage con- 
permanent epibenthos (which is dominant during low struction (Table 6). This resulted in lower temperatures 
tide), the exclusion of the visiting epibenthos (hyper- and, later in the experiment, in lower salinities. Indeed, 
benthos and demersal fishes) was also of importance. the exclusion effect on temperature could, in fact, be a 

The experimental procedure allowed us to study the procedural effect of the cage shadow which was less 
overall effects of competition, predation and food conspicuous in the partial cage (one side was open). 
enhancement by epibenthos. Since old biogenic struc- 
tures (burrows) persisted throughout the experiment, 
the effects of physical modification and bioturbation 
prior to caging could not be assessed. Moreover, 
removal of epibenthos and sampling led to an artificial 
disturbance of the sediment. 

Until now, most exclusion experiments have concen- 
trated on interactions at the species level (Kneib 1988, 
Martin et al. 1989, Kneib 1991). However, Walters & 
Moriarty (1993) advocated the use of amalgam species 
groups (e.g. higher taxa or functional groups), espe- 
cially when the detailed species composition and 
trophic structure of the system are not known and 
when omnivory is important because of the absence of 
competitively dominant predators. 

Exclosure approaches have limitations (difficulty of 
selective exclusion and faster development of arte- 
facts) compared to enclosures (Hall et al. 1990). How- 
ever, possible artefacts (Hairston 1990) were taken into 
account by a detailed follow up in the field (Table 6) 
and by using a randomized block design with proce- 
dure controls (Hurlbert 1984). 

The initial emplacement and burying of the lower 
cage wall in the sediment did not cause a major distur- 
bance. It was gradually pushed down into man-made 
grooves between the roots without influencing the 
caged area. 

Experimental results 

Abiotic factors 

Exclusion effect .  Some sediment characteristics (% 

of mud before combustion) and pigment concentration 
showed an exclusion effect in the upper layer. In gen- 
eral, there was an evolution in the cages to a muddier 
and pigment-richer sediment after 52 d.  The increase 
of the % of mud was due to detritus accumulation since 
the % of mud after combustion did not show a parallel 
increase. As the total organic material (% of POM and 
C) in the sediment did not change, this detrital in- 
crease was most probably restricted to the muddy frac- 
tion of the detritus (Fig. 6). 

Effects on the pigment concentration (chlorophyll a 
in particular) are correlated with changes in microal- 
gae and diatoms (Gerdol & Hughes 1994). 

Procedural effect .  It is obvious that the sediment of 
the treatments P and C became moister through time 

Nematode and total meiofauna density 

An exclusion effect on nematode and total density 
was also reported by Dye & Lasiak (1986) (an increase 
of 2x to even 5x),  by Hoffman et al. (1984) (10x) and by 
Dittmann (1993) (5x). Bell (1980) only found an exclu- 
sion effect for total meiofauna density. 

Competition. The epibenthos in the Cenops tagal 
vegetation was dominated by the crab Uca lactea 
annuhpes (2 to 26 ind. m-') and the gastropod Tere- 
bralia palustns (6 to 70 ind. m-'). According to Bell 
(1980) and Dye & Lasiak (1986), competition with the 
nematodes is the driving force: the dominant epiben- 
thos and pelagic fauna are thought to be important 
grazers on detritus and the associated bacteria, proto- 
zoans and fungi (Gerlach 1978, Alongi 1989). Stomach 
content analyses of Uca polita and Uca vocans and 
fiddler crabs in general revealed bacteria, microalgae 
and protozoans to be the dominant dietary items (Dye 
& Lasiak 1986) The diet of gastropods in mangroves is 
limited to microalgae, bacteria and fungi (Branch & 
Pringle 1987 in Alongi 1989). As in the present study, 
caging and exclusion of gastropods has been shown to 
cause an increase of chlorophyll a in a study of Branch 
& Branch (1980) (in Alongi 1989). 

Consequently, the exclusion effect as a conspicuous 
increase of pigment concentration and muddy detritus 
could not have been entirely caused by the cage con- 
struction. Moreover, this exclusion effect was parallel 
to that on nematodes and total meiofauna (i.e. after 
52 d of caging). Therefore, the nematodes and the 
epibenthos in this study are believed to compete for 
food. 

Predation. With respect to the predation hypothesis, 
Uca pugnax and juvenile crabs in general have been 
shown to ingest nematodes (Bell 1980, Hoffman et al. 
1984). Dittmann (1993) was convinced that consump- 
tion of, and predation on, the meiofauna by the domi- 
nant crab Mictyris longicarpus was the structuring 
factor 

However, Dye & Lasiak (1986) stressed that exclu- 
sion of predation as a driving force would lead to an 
upward vertical migration of nematodes. No evidence 
for this was found in our study, stressing the lack of 
predatory control (Alongi 1989). 

Bioturbation. A third interaction possibility is distur- 
bance due to bioturbation (Alongi 1989) caused by 
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burrowing (Bright 1977, DePatra & Levin 1989) or 
feeding activities or by the production of (pseudo)fecal 
pellets (Sherman & Coull 1980, Hoffman et al. 1984, 
Dye & Lasiak 1986, Dittmann 1993). As mentioned 
before, exclusion of bioturbation was probably not a 
driving force in our experiments. 

Procedure. In this study, the effect of the cage con- 
struction itself was reflected in a decrease in the 
muddy fraction (after combustion), salinity and tem- 
perature in the cages and partial cages. 

The potential effect of these changes is believed to 
be marginal as compared to the obvious exclusion 
effect on nematodes. Be11 (1980) found no experimen- 
tal effect on the muddy fraction, whereas Virnstein 
(1977) and Alongi (1989) found an increase due to 
water stagnation. 

Nematode genera composition 

Although the overall 2A type % did not change, an 
increase of the most common type 2A nematode 
genera (epistratal microalgae feeders) and an  overall 
increase of type 2B (omnivores/predators) in the upper 
layer was evident. It was followed by a new equili- 
brium in nematode density. Epistratum feeders were 
reacting to the microalgal abundance and could be 
rapidly grazed down by nematode predators that were 
partly coming from deeper layers. The presence of 
type 2B could also be a reason for the decrease of type 
1B nematodes, which were not or only slightly affected 
by competition. These findings support the competi- 
tion hypothesis. Unfortunately, we did not compare 
these data with the evolution of feeding types in partial 
cage and blank treatments. A comparison would prob- 
ably indicate possible significant exclusion and proce- 
dural effects on genus composition and trophic struc- 
ture of the nematode community. 

Oligochaete density 

Hoffman et al. (1984) found a 4-fold increase of 
annelids in general, while Dittmann (1993) showed a 
5-fold increase in oligochaetes. 

Competition. From the 5 food categories for 
oligochaetes (Giere & Pfannkuche 1982) the most 
important dietary item for interstitial tubificids and 
enchytraeids is believed to be organic matter enriched 
with bacteria rather than microalgae, which were 
found to be most important for nematodes (Giere 
1975). Organic matter is particularly plentiful in littoral 
sands and muds. Indeed, it was this muddy detritus 
that showed a conspicuous exclusion effect in the 
experiment, indicating that the removal of epibenthos 

turned out to favour the oligochaetes in terms of com- 
petition for food. 

Predation. Nevertheless, a decrease of predation by 
crabs (Dittmann 1993) or by juvenile fish can also be a 
possible factor. In temperate regions, there is evidence 
that young demersal fish (e.g. gobiids) prey upon 
oligochaetes (Giere & Pfannkuche 1982). Virnstein 
(1977), on the other hand, showed with a cage experi- 
ment in a temperate shallow estuarine bottom that the 
dominant tubificid was largely unaffected by preda- 
tion of crabs or fishes. 

Bioturbation. It is known that the production of bur- 
rows and food and fecal pellets by crustaceans may 
have a positive effect on oligochaete numbers (Bell & 
Coull 1978, Reise & Ax 1979, Alongi & Tietjen 1980, 
Dittmann 1993). Indeed, the exclusion could possibly 
lead to a decrease in oligochaetes in the cages. How- 
ever, this kind of effect was not observed in this exper- 
iment. 

Procedure. As mentioned above, the 3 abiotic factors 
influenced by the cage construction were salinity (after 
6 mo), and % of mud (after combustion) and tempera- 
ture (after 1 mo). The detailed composition of the 
oligochaete fauna is not known, which makes it diffi- 
cult to analyse the response to changes in the abiotic 
environment. 

Copepod density 

Bell (1980), Hoffman et al. (1984) and Dittmann 
(1993) showed a similar exclusion effect on harpacti- 
coid copepods. 

Competition. With respect to competition regulation, 
only juvenile crabs were mentioned as possible com- 
petitors of copepods (Bell 1980). Their food is assumed 
to consist mainly of detritus, but selective grazing on 
single food particles has also been observed (Marcotte 
1984 in Hicks & Coull 1983). 

Predation. Reise (1979) and Webb & Parsons (1991) 
believed that predation has little or no influence. In 
contrast, Hoffman et al. (1984) and Dittmann (1993) 
proposed that it is mainly predation by epibenthos 
(such as crabs) that influences copepod numbers. The 
late effect in the present study (only in period 5) 
accords with the study of Bell (1980), who only found 
an effect on copepods after an  exclusion lasting 9 mo. 
Hicks & Coull (1983) thought that, especially for 
muddy or detrital substrata, juvenile fishes are primary 
predators on harpacticoids. These fishes were also 
excluded in our experiment. Hicks & Coull(1983), Gee 
(1989) and Giere (1993) mentioned that, whereas 
nematodes and oligochaetes are certainly important in 
remineralization of organic matter and may be food 
items for epibenthic deposit-feeders, copepods seem to 
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be the major taxon in terms of fish food and/or biomass 
transfer to the demersal-pelagic realm. 

Bioturbation. It has been postulated that sediment 
reworking activities are an alternative structuring 
force (Bell & Coull 1978, Reise 1979, Webb & Parsons 
1991, Olafsson & Moore 1992). Our experiment did not 
show this kind of effect. 

Other taxa densities 

In contrast with our study, in which there was no 
effect on polychaetes, Bell (1980) and Hoffman et al. 
(1984) mentioned a significant increase. 

The absence of an effect on polychaetes led to the 
question whether our experimental design was adequate 
to detect possible effects in the first place. Therefore, the 
techniques of power analysis (Cohen 1977) were em- 
ployed for a post hoc determination of the sensitivity of 
our experiment. The parameters significance level (0.05), 
effect size (0.274 calculated from ANOVA variances) and 
sample size (3) permitted us to estimate a power level of 
l l % via power tables provided by Cohen (1977). Such a 
low power value was also common in subtidal caging 
experiments, and it limits the detection power of effects 
on polychaetes severely (Hall et al. 1990). 

The same can be concluded for effects on ostra- 
cod (18 %), halacaroid (32 %) and kinorhynch (13 %) 
numbers. 

CONCLUSION 

Exclusion of all epibenthos from a Ceriops tagal 
mangrove sediment clearly influenced the nematode. 
oligochaete and copepod densities, i.e. the dominant 
part of the total meiobenthos. The excluded permanent 
epibenthos was dominated by detritivores. Besides a 
possible sheltering effect, the absence of epibenthos in 
particular led to an increase in muddy detritus and 
microalgae in the surface layer. This was followed by a 
higher abundance of diatom-feeding nematodes (type 
2A) and oligochaetes and a subsequent increase in 
predatory nematodes (type 2B). Eventually, it brought 
the system to a new equilibrium. 

The structure of the meiofauna community is regu- 
lated not only by the physical environment, but mainly 
by biological, competitive interactions with the 
ep~benthos.  These findings indicate that the rneiofauna 
community of mangrove sediments is part of an iso- 
lated, detrital food web with only minor predator-prey 
interactions with the epibenthos. The impact of 
epibenthos on meiofauna is further complicated by 
multilevel interactions with other infaunal macroben- 
thos. A publication on this effect is in preparation. 
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