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Task A

Temporal variablity of the meiobenthos in the Westerschelde

Free-living nematodes are the most abundant meiobenthos in estuaries. Temporal variability in
nematode communities shows that abundance peaks of dominant species can be present in any
season in the Westerschelde. The nematode community in the brackish zone has a lower biomass
and is more variable in time than in the marine zone. The temporal variability in the mesohaline
zone has been investigated in great detail in order to develop a time dynamic carbon flow model
for the nematode community. The model is calibrated with nematode biomass data (divided over
the four feeding types) during three days interval and monthly interval sampling. The driving
variables of the model include meiobenthos, macrobenthos, bacteria, chlorophyll-a, salt marsh
grass and other environmental factors such as POC, temperature and day length.

In the mesohaline station, 12 nematode species contribute for more than 94% of the community.
Average density is 2300 ind.10cm? with an average biomass of 0.2 gC/m?.

The developed model MONIW predicts a standing stock of 249 mgC/m* (51% consists of
omnivores among the nematodes). The consumption has been calculated as 98 mg C/m?.day and
the production as 22 mgC/m?*.day (53% for the omnivores). The defecation is 73 mgC/m?.day.
The loss in respiration, excretion and natural death is only 3 mgC/m?.day. These data are
consistent with the importance of nematodes in the decomposition of the POC and of nematodes
as a pathway from organic detritus to higher trophic levels in the benthic system. It shows that
75% of the nematode carbon production returns to the ecosystem (as faeces) and that 20% of
the carbon can be consumed by higher trophic levels.

The yearly P/B equals 32, a value three times higher than the P/B=10 as generally accepted for
meiofauna. The model predicts the temporal fluctuations of the biomass of the nematode trophic
groups : the biomass of the nematodes is controlled by deposit-feeding predators, mainly
macrobenthos. Food availability in the nutrient rich Westerschelde causes less modification in
nematodes biomass than predators do. Dominant nematode species in the community area
characterized by lower rates in respiration, excretion and natural death. Temperature is
important not only in the regulation of the physiological activity of the nematodes but also in the
regulation of predatory activities on nematodes.

Articles on the subject produced during the programme :

1. Li Jian & M. Vincx. 1993. The temporal variation of intertidal nematodes in the
Westerschelde. The importance of an estuarine gradient. Neth.J. Aquatic Ecol., 27 (2-4),
319-326.

2. Li Jian, M. Vincx & P.M.J. Herman. 1996. Carbon flows through meiobenthic nematodes
in theWesterschelde estuary. Fundamental and Applied Nematology., in press



Task B

Spatial variability of the meiobenthos in the Westerschelde

The meiobenthos was investigated from six transects along the salinity gradient of the
Westerschelde, including the intertidal, subtidal and channel area. Meiobenthic densities were
higher in the intertidal than in most permanently submersed areas. The subtidal sites below 7
psu salinity were nearly devoid of meiobenthic life. Nematodes were by far the most abundant
meiobenthic organisms in the intertidal, but were less dominant in the other areas. Gastrotrichs,
turbellarians, copepods and large ciliates were usually more numerous in the subtidal and
channels compared to the intertidal, both in relative and absolute terms. Vertical distribution of
the meiobenthos within the sediment was rather heterogeneous.

The average meiofauna density is lowest near the mouthof the estuary, is increasing towards
Temeuzen, decreases until Ossenisse Valkenisse and increases to a maximal level Bath.
Diversity variations along the salinity gradient are more correlated to sediment characteristics
than to salinity.

Canonical correspondance analysis showed sediment depth to be as important as water depth,
salinity or sedimentary characteristics in the determination of community structure. Intertidal
communities exhibited a well-developed community gradient with depth into the sediment,

whereas the vertical structure of subtidal and channel stations was different from the intertidal

zonation and in some cases showed a distorted pattern. This was probably caused by sediment
disturbance dur to higher current velocities and dredging activities in these regions. It is argued
that, although at some subtidal sites a characteristic subtidal nematode population may persist,
in many cases the sublittoral of the Westerschelde is either too dynamic an environment or food
availability is too low to meet requirements for growth and reproduction of the nematodes. The
populations are probably not self-sustaining but persist due to continuous replenishment from
less harsh areas by means of the estuarine circulation.

The extreme low densities in the intertidal sites near the Maximum Turbidity Zone (upstream
of Saefthinghe) can probably be explained by the presence of polluted sediments. Organic and
inorganic pollutants result in very low oxygen concentration caused by microbial activities.

Articles on the subject produced during the programme :

3. Soetaert, K., M. Vincx, J. Wittoeck, M. Tulkens & D.Van Gansbeke. 1994. Spatial
Patterns of Westerschelde meiobenthos. Estuarine, Coastal and Shelf Science, 39, 367-
388.

4. Soetaert, K., M. Vincx, J. Wittoeck & M. Tulkens. 1995. Meiobenthic distribution and
nematode community structure in five European estuaries. Hydrobiologia, 311, 185-206.



Task C

Trophic role of the meiofauna

In marine and estuarine benthic systems, meiofauna are the dominant metazoans in terms of both
density and diversity. Nematodes are usually the most abundant meiofaunal organisms, occurring in
densities of 10° to 107 ind.m”, sometimes even more. Inspite of their remarkable presence, their role in
the benthos is still poorly understood. It has been suggested that meiofauna can significantly contribute
to nutrient recycling in the benthos. As by far the highest meiofauna densities are found in the upper
two cm of the sediment, they may thus have an important role in benthic-pelagic coupling and, in
shallow waters, perhaps even influence water column primary productivity. Still, the processes by
which meiofauna could influence nutrient recycling have been scarcely documented and have never
been properly quantified. A major flaw in our understanding of meiofauna functioning in benthic
ecosystems is the overall scarcity of information on meiofauna feeding ecology. This involves both
qualitative and quantitative aspects, and is to a large extent due to methodological difficulties involved
in the study of meiofaunal feeding. The present study reports on both qualitative and quantitative
aspects of the feeding ecology of estuarine and marine nematodes.

Data are presented from an observational study of almost 40 species from the Westerschelde estuary.
Our observations are compiled into a dynamic classification in six major feeding guilds. These are the
microvores, the deposit feeders, the ciliate feeders, the epigrowth feeders, the predators and the
facultative predators. It is stressed that nematodes are often very opportunistic feeders, which may
change their feeding behaviour in response to available food, and that on the other hand probably very
species-specific nematode-food interactions exist. It is therefore vital not to use this or any other feeding
type classification as a static scheme, but to recognize its plasticity, inherent to the diversity of species
and functions in a meiobenthic community. A scheme is proposed that illustrates how the presented:
information can be used to include nematodes in conceptual models of carbon flow pathways in, into
and out of the benthos.

Improvements of methodologies currently used to measure meiofauna grazing on bacteria and
microalgae are proposed. Special attention has been paid to aspects of meiofauna preservation after
incubation and of relevant incubation times of grazing trials. On the basis of our data, it is argued that
hitherto published estimates of meiofauna grazing should be used with due caution. Inspite of the
proposed improvements, a thoroughly reliable method for grazing experiments on sediment samples is
still not in sight. However, a methodology to study fundamental processes in meiofauna feeding, such
as selectivity, density-dependence, etc. is now available.

Articles on the subject produced during the programme : ‘

5. Moens, T., A. Vierstraete, S. Vanhove, M. Verbeke & M. Vincx. 1996. A handy method for
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6. Moens, T., Vierstraete, A. & M. Vincx. 1996. Life strategies in two. bacterivorous marine
nematodes : preliminary results. P.S.Z.N.I.:Marine Ecology, 17 (1-3), 509-518.

7. Moens, T. & M. Vincx. 1996. Observations on the feeding ecology of estuarine nematodes. J.
mar.biol. Ass. UK., in press.



Task D

Meiobenthos and interstitial processes in eutrophic marine sediments

The vertical microdistribution of the nematode community, being the dominant meiofauna along the
Belgian coastal area, is studied on species level and linked to the biogeochemical environment. Three
stations along the Belgian coast and one station in the Westerschelde are seasonally examined to cover the
periods of high and low organic input into the sediment. The concentration of important oxidized
(nitrate and nitrite) and reduced (ammonia) nitrogen compounds together with redoxpotential values
will be used to evaluate the oxidation status of the sediment.

Fine sediments, with an important fraction of mud, are characterised by steep depth gradients (oxygen,
redoxpotential, nutrients, ...), which becomes more accentuated in summer (oxygen depleted sediments).
Sabatieria punctata and Daptonema tenuispiculum, both typical species of this type of sediment, show a
specific vertical distribution into the sediment; S.punctafa having a maximum abundance in the subsurface
layers (3 to 4 cm depth) and D.tenuispiculum being rather restricted to the superficial layers. However, a
coupling between this distribution pattem and the redox state, as postulated in earlier studies, is not found,
instead a relation is shown with the food sources. The effect of antropogenic influence, in terms of
eutrophication, can rather be detected by a detailed vertical scanning of the nematode community on the
whole. In the strongly oxidized situation of early spring, diversity of the nematode community seems
not to be dependent on the redox chemistry of the sediment. Diversity increases with higher mud
accumulations, which can be attributed to diversification possibilities of non-selective deposit feeders.
In early summer, after an increased sedimentation of nutrients, the reduced sediment layer is slightly
shifting towards the surface layers and is obviously influencing the distribution of the nematode
community. The decreasing diversity with increasing depth into the sediment is due to more favourable
redox conditions at the superficial layers, enabling more species to coexist.

A coarse sandy sediment with large interstitials implicates a deep oxygen penetration and a relative
stable redox chemistry in depth, as well as seasonally. As a consequence, the nematofauna, with
Ixonema sordidum and Viscosia langrunensis as most important species, is highly divers and not affected
by the redox processes in its vertical distribution.

In conclusion, antropogenic impacts on the whole community can be detected through species diversity
of nematode communities. The information gained out of the distribution profiles of a single nematode
species is less valid than the information on diversity profiles of the whole nematode community.

Articles on the subject produced during the programme :

Vinex, M., Dewicke, A., Mees, J., S’teyaert M. & Van Gansbeke D. 1996. Benthos of the North Sea : able to
recover or desperately lost ? Federal Office for Scientific and Cultural Affairs, Brussels, Proceedings of
the symposium held on the occasion of the 10 anniversary of the Belgica, Ostend, October 1994, 33-41.

Steyaert, M., Van Gansbeke D. & M. Vincx. In prep. Meiobenthos and interstitial processes in eutrophic
sediments. :




Task E

The hyperbenthos of the Westerschelde estuary: spatial patterns

The hyperbenthos is the association of animals living in the water layer close to the sea bed. It
includes all bottom-dependent species and life history stages (mainly crustaceans) which perform, with
varying amplitude, intensity and regularity, seasonal or daily vertical migrations above the sea-floor. As
functional members of the bottom animal community, they thus constitute the uppermost component of
the benthos. The hyperbenthos differs from other ecosystem compartments, both in quantity and quality.
In nearly all marine subsystems that have been investigated to date, a general increase in biomass at the
benthic boundary layer relative to the water column immediately above it, has been observed. Furthermo-
re, the species composition of the hyperbenthos is distinctly different from that of other benthic and
planktonic strata. Besides endemic species that are resident in the near-bottom environment, it also
contains elements suggestive of two different origins: (1) species derived from downward extensions,
often seasonal in nature, of pelagic planktonic populations, and (2) endo- or epibenthic species emerging
into the water column, often in diel cycles. The existence and importance of hyperbenthic communities is
now well established, but as hyperbenthic research is still a young discipline, the zone and its fauna
remain relatively poorly studied.

Here, spatial pattems in the hyperbenthos of the Westerschelde are described. Samples were
taken with a sledge in different seasons at 14 stations along the entire salinity gradient. Mysidacea were
shown to dominate the hyperbenthos. Other important species, either permanently (e.g. amphipods and
isopods) or temporarily (e.g. fish larvae and decapod larvae) hyperbenthic, belonged to a variety of
faunistic groups. Spatial structure was stable through time: the estuary could be divided in the same
geographically defined zones in each season. Each zone had a characteristic fauna. Throughout the year,
the hyperbenthic community of the mouth region of the estuary was markedly different from that of the
upstream brackish area, both in terms of density and species composition. Gradients in salinity, dissolved
oxygen and turbidity correlate strongly with the observed variation in community structure. In each
season, the upstream (brackish) communities were characterized by few species occurring in very high
numbers, whereas the downstream (marine) communities were composed of many species but at lower
densities.

Further, the hyperbenthos of the Westerschelde was compared with that of two other, less
polluted European estuaries: the Eems (north of the Westerschelde) and the Gironde (south of the
Westerschelde). The three estuaries were sampled at regularly spaced stations covering the entire salinity
gradient from marine conditions at the mouth to nearly freshwater conditions upstream within a 15 day
period in summer. The diversity of the samples and the distribution of the species along the main
estuarine gradients were assessed. Again, hyperbenthic communities were identified using different
multivariate statistical techniques. The species composition and the density and biomass of the dominant
species of each community were compared among communities. Spatial pattems in density, biomass and
diversity of the hyperbenthos were similar in the three estuaries: diversity was highest in the marine zone
where density and biomass were lowest. Diversity decreased upstream and was lowest in the brackish
part where density and biomass reached maximal values. In the Eems and the Gironde there was a slight
increase in diversity towards the freshwater zone. Within each estuary two (Westerschelde) or three
(Eems and Gironde) communities could be distinguished and their position along the unidirectional
salinity-turbidity-temperature gradient was similar: a marine community in the high salinity zone, a
brackish water community in the middle reaches and a third community (absent in the Westerschelde) in
the stations with the lowest salinities. Qualitative and quantitative differences in the corresponding
hyperbenthic communities among estuaries were evident. Some species were restricted to one or two of
the estuaries studied, while others, especially the abundant species in the brackish part, were common to
all three. Still, these differences were marginal compared to the overriding similarity of the hyperbenthos
in the three estuaries. The distribution of single species in the estuaries varied to some extent but the
among estuary differences in density and biomass in comparable salinity zones rarely exceeded an order




of magnitude. In the Westerschelde, the low salinity hyperbenthic community was completely absent.
Upstream of the 10 psu isohaline the dissolved oxygen concentration dropped to a critical threshold
value for hyperbenthic life. The populations of a number of species, which in Gironde and Eems reached
highest density and biomass in this zone, seem to have (almost) disappeared from the Westerschelde (e.g.
Gammarus zaddachi and Palaemon longirostris). Other brackish water species did not occur in their
"normal" salinity range and their populations have shifted to higher, atypical salinity zones (e.g.
Neomysis integer, Mesopodopsis slabberi, Pomatoschistus microps and Gammarus salinus).

Articles on the subject produced during the programme :

10. Mees, J.,, A. Dewicke & O. Hamerlynck, 1993. Seasonal composition and spatial distribution of
hyperbenthic communities along estuarine gradients in the Westerschelde. Netherlands Journal of
Agquatic Ecology 27, 359-376.

11. Mees, J., N. Fockedey & O. Hamerlynck, 1995. Comparative study of the hyperbenthos of three
European estuaries. Hydrobiologia 311, 153-174.



Task F

The hyperbenthos of the Westerschelde estuary: temporal patterns

Temporal pattems in the hyperbenthos of the Westerschelde estuary are described from year
cycles of monthly and forthnightly samples. Throughout the year, the hyperbenthic community of the
mouth region of the estuary was markedly different from that of the upstream brackish area, both in
terms of density and species composition. In each season, the brackish communities were characterized
by few species occurring in high numbers, whereas the marine communities were composed of many
species at lower densities. Seasonal pattems in the marine zone were quite pronounced and they were
dominated by the recruitment, maximal abundance and subsequent disappearance of temporary hyper-
benthic species. In the brackish zone, seasonal pattems were less obvious. Still, spring was characterized
by the presence of postlarval flounder and clupeoids and summer by postlarval shrimp, while other
seasonal differences seemed to be mainly due to reproduction and natural mortality of endemic species
and to migration of marine permanent hyperbenthic species in and out of the area.

The hyperbenthos of two intertidal salt marsh creeks in the brackish basin of the

- Westerschelde estuary, was also surveyed during eighteen months. Every month a stow net passively
sampled the fish and the crustaceans migrating in and out of the marsh creek habitat. A complete
description of the fauna of both marshes and their temporal and spatial variability is given. During most
seasons the fauna of both marshes were dominated by the mysid shrimps Neomysis integer and
Mesopodopsis slabberi. In spring the communities were typified by high abundances of early juvenile
brown shrimp (Crangon crangon), and the occurrence of postlarval flounder (Pleuronectes flesus) and
sole (Solea solea). In summer the juveniles of common goby (Pomatoschistus microps), seabass
(Dicentrarchus labrax) and shore crab (Carcinus maenas) characterized the communities. Multivariate
analyses indicated that the seasonal appearance of these juvenile stages in spring and summer substan- .
tially altered the communities. In Saeftinghe, a true brackish marsh, the community appeared to be rather
stable and only two different assemblages were identified: one during the winter-spring period (January
until May-June) and one during the summer-autumn season (May-June until December). In the more
saline marsh of Waarde seasonal changes in species composition were more pronounced, partly due to
the appearance of typical marine species. In this marsh the winter-spring community could be divided
into a winter-early spring (January-March) and a late spring assemblage (April-June). Despite the
difference in the salinity regime between both marshes, their nekton communities remained quite similar.
The spatial difference between the two sites converged towards the winter months. Apart form the
salinity factor, the position of the marshes along the estuarine channel possibly plays an important role in
the species specific accessibility of the marsh habitat, and may accordingly cause a difference in species
composition.

Further, the hypothesis is defended that brown shrimp Crangon crangon migrate into the
brackish part of the Westerschelde estuary shortly after metamorphosis and use the tidal marsh habitat as
a nursery until they reach a length of about 10 mm. The importance of the marsh as a nursery was
evaluated by estimating foraging activity, predation mortality and residence time. Early postlarval stages
of C. crangon utilised the creeks of an estuarine tidal marsh from early spring (March-April) until late
autumn (October-November). Postlarval shrimp leaving the marsh with the ebb tide always had
significantly more food in their stomachs than shrimp entering the marsh with the incoming flood water.
The predation pressure on the shrimp population was relatively low during most months, but it increased
between August and October when seabass Dicentrarchus labrax and common goby Pomatoschistus
microps occurred with high densities. The marsh creeks thus function both as foraging areas and as
predation refugia. Depending on environmental temperature, the postlarval shrimp stayed in the marsh
for a period of 2 to 3 weeks. Quantitatively, the value of the marsh as a nursery area changed drastically
during a second year of sampling. Recruitment to the subtidal adult population represents an export of
animals from the marsh to the estuary. This export is negligible in terms of biomass as compared to the
total biomass of the estuarine population, but it may be important in terms of numbers of individuals.




Articles on the subject produced during the programme :

12. Cattrijsse, A., J. Mees & H. R Dankwa, submitted. Nursery function of an estuarine tidal marsh for
the brown shrimp Crangon crangon..

13. Cattrijsse, A., J. Mees, K. Hostens & E.S. Makwaza in press. The aquatic fauna of two intertidal
salt marsh creeks in the Westerschelde estuary. Belgian Journal of Zoology.

14. Mees, J, A. Dewicke, A. Cattrijsse & N. Fockedey, in press. Seasonality in hyperbenthic
communities of the Westerschelde estuary. Belgian Journal of Zoology.



Task G

-Spatial patterns in the hyperbenthos of the Belgian continental shelf

The hyperbenthos of the Belgian coastal waters, the Westerschelde estuary and part of the Dutch
delta was sampled within a 2-week period at 41 locations in the summer of 1993. At each location
sampling was done at two depth strata, covering all major sandbanks in the area, and the gullies separa-
ting them. Sampling depth ranged from 6 to 40 meter.

The samples were taken with a hyperbenthic sledge equipped with four nets (1 mm and 0.5 mm
mesh size), covering two lower strata of the watercolumn: 0 to 0.5 meter and 0.5 to 1 meter above the
bottom. Trawling (5 minutes at 1.5 knots: approx. 200 meter per trawl) was always done during daytime
and against the tide. The sledge was equipped with an automatic opening-closing device, an odometer
and a current meter. Several environmental variables (salinity, temperature,...) were recorded at the
beginning of each trawl. In addition, sediment and water samples were taken at each station for grain size
distribution, nutrient and pigment analyses. '

In the laboratory, all animals were identified to species level, counted and measured. Density
(numbers per 100 m?2) was calculated and biomass was derived from length-ashfree-dryweight regres-
sions. Both density and biomass data were subjected to 3 multivariate statistical analyses: a classification
(group-average sorting clustering based on the Bray-Curtis dissimilarity index), an ordination (Canonical
Correspondance Analysis) and a hybrid technique (Two-way Indicator Species Analysis).

A total of 135 species were recorded in the hyperbenthic fauna of the Belgian continental shelf.
The most abundant faunistic taxa included Mysidacea (10 species), Brachyura (20 species), Amphipoda
(33 species) and Caridea (14 species). Chaetognatha, Pisces, Anomura, Polychaeta, Isopoda, Copepoda
and Cumacea were caught to a lesser extent. The hyperbenthos of the Belgian coastal area could be
divided into 6 geographically defined communities, each characterised by a specific species composition,
diversity, density and biomass. In the eastem part of the Westerschelde, a typical brackish water
community was found (community 'ws'). Two communities were found onshore: community 'onshore
east' was located on the east coast (between Oostende and Zeebrugge) and included the marine part of
the Westerschelde estuary; community 'onshore west' was found on the west coast (between Oostende
and De Panne). Communities 'mid bkp' and 'mid vd' are transitional communities between the two
onshore communities and more offshore area. The 'offshore' community was found towards the open sea.

The community structure changed sharply along a gradient perpendicular to the coastline:
highest densities and biemasses were recorded onshore. The onshore communities (and the 'ws'
community) were characterised by a low diversity and consisted mainly of Mysidacea. Diversity
increased in offshore direction and the species composition of the hyperbenthic fauna changed
drastically: morefaunistic groups became almost equally represented.

Articles on the subject produced during the programme :

15. Dewicke, A. & J. Mees, 1996. The hyperbenthic fauna of the Belgian continental shelf: spatial
variability in community structure. Progress in Belgian Ocean@raphic Research 1996: 55-38.

16. Dewicke, A. & J. Mees, in preparation. Spatial patterns in the hyperbenthos of the Belgian
continental shelf.




Task H

Temporal patterns in the hyperbenthos of the Belgian continental shelf

The hyperbenthic fauna of the Belgian coastal area was sampled monthly at 15 stations from may 1994
through december 1995.

For this report, the hyperbenthos of 4 stations in the Belgian coastal waters was investigated.
Three of these were rather situated onshore, spread along the coastline: station 115s on the east coast
near De Panne, station 120 near Nieuwpoort and station 140 on the west coast near Zeebrugge. One site,
station 330, was located more offshore.

The samples were taken with a hyperbenthlc sledge equipped with four nets (1 mm and 0.5 mm
mesh size), covering two lower strata of the watercolumn: 0 to 0.5 meter and 0.5 to 1 meter above the
bottom. Trawling (5 minutes at 1.5 knots: approx. 200 meter per trawl) was always done during daytime
and against the tide. The sledge was equipped with an automatic opening-closing device, an odometer
and a current meter. Several environmental variables (salinity, temperature,...) were recorded at the
beginning of each trawl. In addition, sediment and water samples were taken at each station for grain size
distribution, nutrient and pigment analyses.

In the laboratory, all animals were identified to species level, counted and measured. Density
(numbers per 100 m?) was calculated and biomass was derived from length-ashfree-dryweight regres-
sions. Density data were subjected to 3 multivariate statistical analyses: a classification (group-average
sorting clustering based on the Bray-Curtis dissimilarity index), an ordination (Canonical Correspon-
dance Analysis) and a hybrid technijue (Two-way Indicator Species Analysis).

A total of 125 species were recorded in the hyperbenthic fauna of the Belgian coastal area. A
strong seasonal variation in density was apparent for several species. The species composition of the
hyperbenthic fauna was seasonally altered by the recruitment and disappearence of different temporary
hyperbenthic species. The most important members for the permanenthyperbenthos were mysids.

Multivariate analyses yielded more insight into community structure. A discontinuity between
onshore and offshore samples was obvious. Temporal pattems strongly dominated the onshore
communities (stations 115s, 120 and 140). Three communities could be identified: the first one occurred
during winter, the second one during spring and the other community lasted from summer until autumn.
Offshore, this seasonal trend wass less pronounced: during the whole year the fauna of station 330
resembled the spring fauna of the onshore stations.

Total density was comparable for the different communities. The winter community was the
least diverse and consisted mainly of permanent hyperbenthic species (mysids and amphipods) and the
already fairly abundant pelagic fish eggs. A high variety of temporary representatives characterised the
spring community: polychaete larvae, larval decapods, and postlarval fish appeared in high densities.
Mysids were again dominant in the ‘summer-autumn' community, supplemented by considerable
densities of temporaryhyperbenthic species.

Articles on the subject produced during the programme :

17. Dewicke, A. & J.Mees, in preparation. Temporal patterns in thehyperbenthos of the Belgian
continental shelf.




Task 1

Population dynamics and feeding of the hyperbenthic mysid Neomysis integer

1. Population dynamics in the field ‘
The population dynamics of the key species of the Westerschelde hyperbenthos the mys1d

Neomysis integer was investigated from data collected in the field. The population was sampled on a
- fortnightly basis from November 1990 to December 1991. Density, biomass, population structure and
brood size were recorded. The Bhattacharya method was applied to the length-frequency data for the
detection and separation of cohorts. Growth is described both by a generalised von Bertalanffy function
and by a von Bertalanffy function incorporating seasonal oscillations in growth. Secondary production
was estimated for each cohort using four approaches. The seasonal pattem in density and biomass
showed three peaks: a relatively small, yet distinct, peak in early March and two main peaks in late
spring and in summer. Throughout winter, Neomysis density remained low. Three periods of increased
reproductive activity and subsequent input of juveniles were found. This suggests that three cohorts were
produced per year. The overwintering generation lived from autumn until the following spring. The
spring generation was bom in early spring and lived for about three months, while the summer
generation lived from summer until early winter. The three cohorts showed marked differences in their
biology. The overwintering generation showed seasonal growth oscillations, larger brood size, and a
larger size at maturity. Individuals belonging to the other two cohorts generally grew faster, produced
less young per female, and attained maturity at a smaller size. Within each cohort, both sexes exhibited
different growth characteristics: the females generally lived longer, grew faster and consequently became
larger than the males. The size-frequency, growth summation and removal summation methods yielded
comparable production estimates. The annual production was 0.3 g AFDW m™” yr with an annual P/B
ratio of 6. The average cohort P/B was 3. The size-frequency method gave similar results only when
applied to the three cohorts and to both sexes separately. The spring cohort accounted for almost half of
the annual production. Despite the longer life span of the overwintering generation, it generated only a
quarter of the annual production. An independent estimate of production using the mortality rate of the
different cohorts, resulted in values comparable to those obtained by the other methods for the
overwintering cohort, while the production of the other two cohorts was overestimated. We further
reported on intersexuality in the mysid Neomysis integer collected in the 3 estuaries mentioned above,
supplemented with samples from the Elbe (Germany). Individuals which had an irregularly shaped or
nearly symmetrically rounded, rather than a typically truncated, telson were also recorded from the four
populations studied. A culture experiment with damaged specimens revealed that every type of abnormal
telson morphology found in the field can result from regeneration of damaged parts. It is concluded that
both intersexuality and aberrant telson morphology are widespread phenomena among estuarine
Neomysis populations. Both abnormalities were found to be rare in the other dominant mysid species in
the study area.

2. Laboratory growth experiments

The life history characteristics of a species depend to a certain extent on the charactenstxcs of
its habitat. The combined effects of temperature, salinity, and quality and quantity of available food are
likely to influence the growth parameters of brackish water species. The aim of this study was to
determine the influence of a broad range of salinity-temperature combinations on growth parameters,
moulting frequency and sexual development of the mysid Neomysis integer. N. integer was cultured in
the laboratory and the offspring of the cultured animals was used in 'longterm' growth experiments.




Individual N. integer were followed from birth (immediately after hatching from the marsupium) until
they reached asymptotic length (maximum duration of the experiments was 4 months). They were kept at
several constant temperature-salinity conditions; at 15 °C salinity was 1, 5, 15 and 30 psu; at 8, 20 and
25 °C salinity was 5 psu. They were fed freshly hatched Arfemia nauplii ad libidum. Growth was studied
by collecting and measuring the moults. The total length of the exuvia could not be measured (too -
elastic). Hard appendages (antennal scale, uropod, telson) were measured and converted to standard
length with allometric linear regressions. The growth of Neomysis integer was described by logistic
functions. Within each treatment individual variability was small. Absolute or incremental growth rates
(AL/At) fluctuated nonlinearly with size and age, and were maximal around the inflection point (t;). The
developmental time before reaching the inflection point increased with increasing salinity and decreased
with increasing temperature.

3. Feeding ecology of Neomysis integer

The diet of the mysid Neomysis integer in the maximum turbidity zone (MTZ) of three
European estuaries (Elbe, Westerschelde and Gironde) was investigated in spring 1993. The quality and
quantity of the diet were assessed through measurement of the stomach fullness and microscopical
analysis of the stomach content combined with image analyses. N. integer was found to be an omnivore
which mainly utilizes mesozooplankton and detritus carbon pools. The quality of the diet did not differ
between the sexes nor between different developmental stages, although smaller individuals consumed
fewer items. In all three estuaries the diet was dominated by Copepoda Calanoida (5-10 Eurytemora
affinis ind”! for adults; 2-5 ind? and 2-3 ind™ for subadults and juveniles, respectively) and was
supplemented with Rotifera and Cladocera. Phytoplankton and benthic organisms, though present in the
stomachs, were negligible. Macrophytal detritus and amorphous material, the latter unidentifiable under
the light microscope, were very abundant food items. The amorphous detritus was found to originate
from the suspended sediment flocs which are characteristic for the MTZ. These mainly consist of clay
minerals, as shown by EDAX-analysis. The energetic value of the flocs foWV. infeger remains unclear.

Articles produced on the subject during the programme :

18. Fockedey, N. & Mees, J. (1996). The diet of Neomysis integer (Crustacea, Mysidacea) in the
maximum turbidity zone of estuaries. Royal Acad. Belgium. Nat. Comm. Oceanol. Progr. Belgian
Oceanogr. Res.: 79-82.

19. Fockedey, N. & Mees, J. (submitted). Feeding of the hyperbenthic mysid Neomysis integer in the
maximum turbidity zone of the Elbe, Westerschelde and Gironde estuaries. J. Mar. Syst.

20. Mees, J., Abdulkerim, Z. & Hamerlynck, O. (1994). Life history and production of Neomysis
integer in the Westerschelde estuary (SW Netherlands). Mar. Ecol. Prog. Ser., 109: 43-57.

21. Mees, J., Fockedey, N., Dewicke, A., Janssen, C.R. & Sorbe, J.C. (1993). Aberrant individuals of
Neomysis integer and other mysidacea: intersexuality and variable telson morphology. Neth. J.
Aquat. Ecol., 29: 161-166.

22. Fockedey, N. & J. Mees. In prep. Laboratory studies on growth and developent of the brackish
water mysid Neomysis integer.



"TaskJ

Anthropogenic influences on the benthos in the Westerschelde and the North Sea

b

The life in the sediments (i.e. the benthos) in the North Sea and the Westerschelde estuary has
not been a large public concern in the past. It was thought that the sea was one big reservoir
where all material could be dumped without too much damage because most substances are
dispersed and disappear quickly out of the view (and most likely into the bottom).

Within the programme, the meiobenthic and the hyperbenthic components have been studied in
detail. Within marine and estuarine sediments, meiobenthos (i.c. nematodes) are the dominant
metazoans in terms of both density and diversity. The link with the pelagic is very much
accomplished by means of the hyperbenthos (the association of animals living in the water
layer close to the sea bed).

Following NEW INSIGHTS IN BENTHIC ECOLOGY in the North Sea and
Westerschelde have been obtained :

e The INTERTIDAL AREAS in the Westerschelde are by far much richer in meiobenthic
life than the permanently submersed areas, and therefore more VULNERABLE. Diversity
of the meiofauna is more related to sedimentological characteristics than to salinity.
Extreme low densities in the Maximum Turbidity Zone (upstream Saefthinghe) can
probably be explained by the presence of polluted sediments (organic and inorganic
pollutants in combination with low oxygen concentration), indicating strong anthropogenic
influences.

e The development of a CARBON MODEL for nematodes in the Westerschelde predicts
that 75% of the nematode carbon production (which is calculated as 22mgC/m2.day) in
estuarine sediments returns to the ecosystem (as faeces) and that 20% of the carbon can be
consumed by higher trophic levels (i.e. macrobenthos and juvenile fish).

¢ Improvements of methodologies to investigate the MICROBIAL LOOP within sediments
(by measuring meiofauna grazing on bacteria and microalgae) are proposed (although a
throroughly reliable method for grazing experiments on sediment samples is still not in
sight). A dynamic classification in six major feeding guilds is proposed for estuarine
nematodes. It is stressed that nematodes are often very opportunistic feeders, but that on the
other hand species-specific nematode-food interactions exist.

- Following anthropogenic influences on the species diversity of the nematode communities in

the coastal sediments of the North Sea can be detected : in early summer, after an increased
sedimentation of nutrients in the coarser sediments of the west coast, the reduced sediment
is shifted to the surface layers and is obviously influencing the distribution of the nematode
community. Bacterial feeders are more linked to the availability of bacteria in the muddy
sediments than to the oxygen availability within these sediments. These data are a first step
in understanding the role of nematodes in the microbial loop within the -sediments.
INDICATOR SPECIES like Sabatieria punctata and Daptonema tenuispiculum and
indicator values like diversity of the nematode community include important information
about the eutrophication level of the sediments and are recommended as
BIOMONITORING tool.




o The hyperbenthic communities of the WESTERSCHELDE are characterized by typical
estuarine communities which are stable along the salinity gradient, but with one important
feature, compared to e.g. the Gironde and Eems : the ABSENCE.OF THE LOW
SALINITY COMMUNITY (upstream of 10 psu) in the Westerschelde coincides with the
drop of dissolved oxygen below a critical treshold. In normal conditions, this would be the
most productive area of the estuary. The lack of hyperbenthos within this area put a severe
restriction on the distribution of fish in the low salinity part of the Westerschelde
(hyperbenthos being a very important food source for fish). The recovery of the
Westerschelde in terms of reduction of organic input would lead to an increase in the
oxygen level. Comparison with other European estuaries predict that the hyperbenthos and
fish will follow a positive evolution in terms of density and diversity (species richness) after
a reduction of the organic input. Recent investigations confirm this trend. The population
dynamics of a dominant hyperbenthic species, Neomysis integer, together with
investigations of the diet, indicate the important link with the zooplankton. Hyperbenthos is
critical in the BENTHO-PELAGIC COUPLING, certainly in esturaine systems.

e The spatial and temporal patterns of the hyperbenthos of the Belgian continental shelf are
characterised by increasing diversity in offshore direction with a clear gradient
perpendicular to the Belgian coast but with the highest densities and biomasses onshore. In
some months, extreme high numbers of eggs and larvae from commercially important fish
and shelfish are recorded within the hyperbenthos. The information on the spatial and
temporal distribution of these vulnerable young stages is important for the
MANAGEMENTS OF THE FISH STOCKS. The potential feeding-grounds for adult
fish (a lot of demersal fish feed on benthic animals) are indicated and should be monitored
with caution within the future.
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THE TEMPORAL VARIATION OF INTERTIDAL NEMATODES
IN THE WESTERSCHELDE |
|. THE IMPORTANCE OF AN ESTUARINE GRADIENT

JIAN LI and MAGDA VINCX

KEYWORDS: temporal variation; nematodes; feeding type; éstuarine gradient.

ABSTRACT

Biannual meiobenthic sampling (Spring and Autumn) was carried out in 1983-1989 at two fine sandy
intertidal stations in the Westerschelde estuary. Both stations are exposed daily for more than one hour and
are situated in the polyhaline and the mesohaline zone of the estuary.

Average density data of non-selective deposit-feeders > predators > epigrowth-feeders > selective
deposit-feeders for both stations are presented in spite of different nematode species composition. No
difference between Spring and Autumn nor trend over 7 years could be detected.

Higher total nematode densities are found at the polyhaline station (average 3200 ind. 10 cm~2) in

comparison with the mesohaline station (average 2300 ind. 10 cm~2), a difference mainly due to higher
non-selective deposit-feeders and predators densities in the polyhaline station. Each year, heterogeneous
variance is found for all feeding types at the mesohaline station, but only for epigrowth-feeders and
predators at the polyhaline station. The higher nematode density at the polyhaline station is probably
caused by the more stable nematode structure. An unstable nematode temporal pattern at the mesohaline
station is suggested to be combined with the detritus food chain system in the mesohaline zone. The
unstable estuarine habitats are mainly caused by their upstream effects: the River Schelde, which clearly

influences the stability of the nematode communities.

INTRODUCTION

The structural characteristics (density, bio-
mass and species composition) of estuarine and
brackish water nematodes in relation to salinity are
well documented (for a review see HElP et al., 1985).
Studies which investigate generation time and
reproductive potential of nematodes (TIETJEN and
LEE, 1972) in relation to salinity are less numerous.
Most time series studies of nematodes have a low
temporal resolution. Seasonal cycles of nematodes
can be very different from site to site according to
different local environmental conditions and depen-
ding on the spec:les composition (see HEIP et al.,
1985 for a review) The abundance peak of domi-
nant species can be present in Spring, Summer,

Autumn or Winter. Great variability from year to
year was found for nematode abundance (MCINTYRE
and MURISON, 1973) and sometimes this variability
was even much larger than the seasonal variability
(couLL, 1985). Even for separate species, several
irregular seasonal patterns can be found (WIESER,
1977; vinex, 1989). couLL (1985) showed that
nematode abundance had a negative correlation
with salinity in mud sites and a positive correlation
with temperature in sand site (11 years data).
However, temporal variability of nematodes for
intertidal areas is not well known, especially in rela-
tion to estuarine gradients.

The Westerschelde is a completely mixed es-
tuary (HEie, 1989) with a long water residence
time (75 days or 150 tides). The Westerschelde is
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Fig. 1. Location of the sampling stations in the Westerschelde.

Table 1. General characteristics of the two stations in the
Westerschelde. Md = median particle size of sediment. Elevation is
given in m above mean sea level.

station mesohaline polyhaline

position 51°21°42"N 51°21°33"N
04°05°39"E 03°49"12"E

salinity %o ~6.1-21.0 24.3-32.0

Md (1979/1990) um 127/133 138/167

mud % (1979-1986) 4-7 3-5

0.M. % (1979) 3.2 49

TOC (1979) mg I-! 51-154 6.1-12.0

elevation (1979/1987) m +1.0/+1.5 +0.5/+0.5

partitioned into 3 zones based on abiotic and biotic
gradients (HUMMEL et al, 1988): a marine zone
(from mouth to 36 km), a brackish zone (from
36 km to 78 km) and a fresh water tidal zone (after
78 km).

The ecological study of the meiobenthos in the
Westerschelde has been mainly restricted to the
general spatial distribution (vAn DAMME et al., 1980).
Nematodes comprises more than 95% of density
and 85% of biomass of the total meiobenthos.
Nematode density decreases with decreasing sali-
nity. The knowledge of the temporal distribution of

4°01'

meiobenthos in the Westerschelde is restricted to
samples (5 times) from one year (VAN DAMME et al.,
1980).

This study investigates how the temporal
variability in nematode abundances is influenced by
different salinity regimes in both sampling stations.
Special attention will be given to the temporal varia-
bility of the different feeding types of the nematode
communities.

MATERIAL AND METHODS

From 1983 to 1989, biannual meiobenthic
samples were taken in March (February in 1988 and
April in 1983) and September (October in 1989) in
two intertidal stations in the Westerschelde estuary.
The two stations (polyhaline — mesohaline) have
similar sediments (fine sand and low organic
matter) but are situated in different salinity zones
(Fig.1, Table 1). Organic matter (0O.M.) in the
sediment was determined according to WAKEEL and
RILEY (1956), organic carbon (TOC) according to
PARSONS et al. (1984). Mud is defined as the fraction

<63 pm.
Sampling occurred at low tide, and within a
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Intertidal nematodes in the Westerschelde

circle of < 10 m diameter from the fixed point
(except the Sept. 1983 samples which were 100 m
away and Sept. 1986 700 m away, in the polyhaline
station; the one of Sept. 1984 is 150 m away in the
mesohaline station).

Two replicate core samples (diameter = 3.56
cm, sampling depth = 10 cm) were taken at both
stations. Fixation, decantation and the Ludox centri-
fugation-flotation technique (HEP ef al., 1985) were
used to extract the nematodes.

The main meiobenthic group, the nematodes,
were identified to the genus level and classified
into four feeding types (WIESER, 1953): 1A =
selective deposit-feeders, 1B = non-selective depo-
sit-feeders, 2A = epigrowth-feeders and 2B =
predators/omnivores. Every replicate sample was
subsampled to identify at least 10% (or a minimum
of 120 individuals) of the total -density of nema-
todes).

The 3-way ANOVA test after p >0.1 for
Bartlett's test was used to test for differences in
nematode abundances between stations, for each
year and between the two seasons.

A simple multiplicative decomposition me-
thod (BOWERMAN and RICHARD, 1979) and a similar
additive decomposition method were used for
calculating linear trends and seasonal fluctuations
of the time series. In the multiplicative model, the
observed series Y(t) is considered as the multipli-
cative sum of a linear trend series TR(t), a seasonal
series SN(t), a cyclical series CL(t) and an irregular
series IR(t): Y(t) = TR(t)»SN(t)~CL(t)=IR(t). After
calculating the 1-year moving average of the

series Y(t), the seasonal effects were omitted and

results in a second series TR(t)«CL(t) (in this
study, TR(1)+CL(1) = (Y(1)+Y(2))/2, TR(2)«CL(2) =
(Y(2)+Y(3))/2, ..., TR(t-1)=CL(t-1) = (Y(t-1)+Y(1))/2).
The slope of the trend comes from the linear
regression of the second series. The seasonal
fluctuation, therefore, is the average fluctuation of
the third series SN(t)«IR(t) = Y(1)/(TR(t)=CL(t)).
In the additive model, the observed series Y(t)
is considered as the additive sum: Y(t) =
TR(t)+SN(t)+CL(t)+IR(t). A 1-year moving average
of the series Y(t) results in a second series
TR(t)+CL(t). The slope of the trend comes from
the linear regression of second series. The seasonal
fluctuation is the average fluctuation of the third
series SN(t)+IR(t) = Y(t)-(TR(t)+CL(t)).

The correlogram is constructed from the auto-
correlation valued at different lags k. The auto-
correlation at lag k is the correlation coefficient
between the series Y(1), Y(2),...Y(N-k) and the
series Y(k), Y(k+1),...Y(N) (k 20, k <N/4). In
this study, lag (k) = 1, 2, 3 means lag (year) = 0.5,

1, 1.5. To avoid the influence of linear trend, TR(t)

“is extracted from Y(t) in this study.

RESULTS

The meiobenthos of the two stations of the
Westerschelde consisted of 96.4% Nematoda, 1.9
% Annelids (Polychaeta and Oligochaeta), 0.9%
Arthropods (Copepoda, Amphipoda, Ostracoda,
Isopoda and Cumacea) and 0.8% others including
Cnidaria (Hydrozoa), Platyhelminthes (Turbellaria),
Gastrotricha, Mollusca (Gastropoda and Bivalvia),
Priapulida and Tardigrada (Table 2).

Nematode densities

Total nematode density over seven years
(Fig. 2) showed differences (p <0.001 between
stations by 3-way ANOVA test) between the poly-
haline and the mesohaline station; the second
station had a lower density (on average about
1000 ind. 10 cm=2 less) but a higher coefficient of
variation (Table 2). However, no significant diffe-

Table 2. Nematode density (ind. 10 cm™2), coefficient of variation
(c.v.) and relative abundance (%) of main meiobenthic groups at
two stations in the Westerschelde. Between brackets: min. and
max. values.

mesohaline station polyhaline station

nematode density 2268 (200-5176) 3240 (1740-5328)
c.v. (%) 670 226
nematodes (%) 94.9 (83.0-99.4) 97.9 (94.3-99.7)

" annelids (%) 3.0(0-9.3) 0.8 (0-4.6)
arthropods (%) 1.4 (0-6.0) 0.5 (0-2.3)

6 nematode densities

.
82 83 84 85 8 &7 88 ~ 89 90 9
year

» mesohaline station ¥ polyhaline station

Fig. 2. The temporal variation of nematode densities and their
trends over seven years from two stations. (Densities = 1000
ind. 10 cm~2).
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Fig. 3. Autocorrelogram of nematode densities after extraction of
linear trends.

Table 3. Slope and seasonal change of the nematode den-
sities (ind. 10 ¢cm™2) from multiplicative and additive model.

Percentage seasonal change as in BOWERMAN and RICHARD

(1997).
mesohaline station polyhaline station
multipl. additive  multipl.  additive
model model model model
slope +120 +116 +106 +94
seasonal change +0.2% +31 +8% +240

Table 4. Average density (min.-max.) (ind. 10 cm~2) average
relative abundance of total nematodes (%), and coefficient of
variation (c.v.; %) of the nematode feeding types from all the
single sample data over seven years.

polyhaline station
density % - cwv.

mesohaline station
density % c.v.

selective 21 9 282 187 6 36
deposit-feeders (9-1271) (22-352)
non-selective 804 36 598 1301 41 230
deposit-feeders (23-3439) (226-3038)
epigrowth 564 25 641 450 14 11
-feeders (29-2202) (86-1001)
predators 681 30 576 1221 39 474
(119-2893) (429-4026)

Table 5. The probability of homogeneous variances (Bartlett's
test) among 7 years for the densities of total nematodes and the
four feeding types.

mesohaline station polyhaline station

total p>0.1 p>05
nematodes

selective p <0.005 p>0.5
deposit-feeders .
non-selective p <0.05 p>0.1
deposit-feeders

epigrowth-feeders  p <0.005 p <0.05
predators p >0.001 p <0.05

rence was found between the variances at the two
stations (p >0.05).

In both stations, a similar nematode density
trend (p <0.05 among years by 3-way ANOVA
test) was not revealed by Kendall's © (p >0.05),
although the slopes of the trends in both stations
are around +100 ind. 10 cm=2y~! (both from the
multiplicative and the additive model) (Table 3).

The seasonal fluctuations between Spring and
Autumn are not clear (p >0.1 among months by
3-way ANOVA test). Autocorrelation coefficients
were negative or very low positive (Fig. 3). The
seasonal change calculated from the multiplicative
and the additive model (Table 3) indicates a low
fluctuation: from the additive model, a density
fluctuation of £31 for the mesohaline station and of
+240 for the polyhaline station is low compared
with the total density which is 2300 ind. 10 cm~2
for the mesohaline station and 3200 ind. 10 cm~2
for the polyhaline station; the fluctuations were thus
only 1.4% or 7.5% of the total density; they were
near to the results of multiplicative model.

Nematode feeding type

The average densities of the four feeding types
followed the same ranking in the two stations: the
non-selective deposit-feeders were the most do-
minant group followed by predators, epigrowth-
feeders and selective deposit-feeders (Table 4; see
also the average density ratio). However, the fluctu-
ation of the density of the four feeding types
differed remarkably between the two stations, also
when compared with the total nematode density.

First, there were higher densities of non-
selective deposit-feeders (p <0.005) and predators
(p <0.001) (about 500 ind. 10 cm~2 higher for each)
and lower coefficients of variation for all feeding
groups in the polyhaline station compared with the
mesohaline station (Table 4). But significant diffe-
rences of variance between the two stations
(Bartlett’s test) were found for selective deposit-
feeders and epigrowth-feeders (both p <0.001) not
for non-selective deposit-feeders and predators
(both p >0.1).

Secondly, the determination of the homoge-
neity of variances for the seven years data within
each station separately (Bartlett's test) shows
(Table 5) significant heterogeneous variances for
all four feeding types in the mesohaline stations,
but only for the epigrowth-feeders and predators
in the polyhaline station.

Finally, the distributions of feeding types
(Figs. 4, 5) showed more heterogeneous peaks
(>60% of total nematodes average densities) in the
mesohaline station compared with the polyhaline
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Fig. 4. The temporal density variation of four nematode fee-
ding types over seven years at the mesohaline station
(densities = ind. 10 cm~2; 1A = selective deposit-feeders, 1B =
non-selective deposit-feeders, 2A = epigrowth-feeders and 2B =
predators).
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Fig. 5. The temporal density variation of four nematode feeding
types over seven years at the polyhaline station. Densities =

ind. 10 cm=2.
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Fig. 6. The autocorrelogram of four feeding types densities at the
mesohaline station after extraction of linear trends.
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Fig. 7. The autocorrelogram of four feeding types densities at the
polyhaline station after extraction of linear trends.

station over the seven years: in the polyhaline
station only, one non-selective deposit-feeders peak
(1983) and one predators’ peak (1988) is present
in Autumn; in the mesohaline station, two non-
selective deposit-feeders peaks (1987 and 1989)
were found in Autumn, two predator peaks (1983
and 1988) in Autumn and Spring and two epi-
growth-feeder peaks (1986 and 1989) in Spring and
Autumn.

However, no seasonal differences in the
abundance of the four feeding types were found
in both stations (p >0.1 for each one). Also, the
autocorrelograms (Fig. 6 and 7) showed that a
positive autocorrelation coefficient at a lag of one
year, is only found for selective deposit-feeders and
epigrowth-feeders at the polyhaline station. These
autocorrelation coefficients were however low and
not significant (p >0.05). No positive autocorrela-
tion coefficient was found for the four feeding types
at the mesohaline station.

Nematode composition

The number of genera of the nematode com-
munity for the two stations was very similar: 32
genera for the polyhaline station and 31 genera for
the mesohaline station. But the dominant nematode
genera and the composition of feeding types were

different (Table 6). In the polyhaline station, there

were only 4 genera with a maximal density >20 %
in a single sample; in the mesohaline station, 12
such genera were present. Both stations had 3
genera with average density >10%: Daptonema,
Theristus and Dichromadora in the mesohaline sta-
tion and Daptonema, Viscosia and Metachromadora
in the polyhaline station.

The genus composition of the different peaks
of the abundance patterns of the four feeding types













































































































































































































































































































































































































































