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SEASONAL COMPOSITION AND SPATIAL DISTRIBUTION
OF HYPERBENTHIC COMMUNITIES ALONG ESTUARINE GRADIENTS
- INTHE WESTERSCHELDE*

JAN MEES, ANN DEWICKE and OLIVIER HAMERLYNCK

KEYWORDS: hyperbenthos; Westerschelde; estuary; community analysis.

ABSTRACT

The hyperbenthic fauna of the Westerschelde estuary was sampled in spring, summer and winter of

1990 at 14 stations along the salinity gradient. Mysids dominated the hyperbenthos in each season. Other

important species, either permanently (e.g. amphipods and isopods) or temporarily (.g. fish larvae and.

decapod larvae) hyperbenthic, belong 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. Gradients in salinity, dissolved oxygen and turbidity correlated strongly. with the

observed variation in community structure. The spatial patterns dominated over the temporal patterns,
especially in the brackish part of the estuary. In the marine part, seasonal differences in the communities
were more pronounced due to the occurrence of a series of temporary hyperbenthic species in spring and
summer. In each season, the upstream (brackish) communities were characterized by few species occur-
ring in very high numbers, whereas the downstream (marine) communities were composed. of many

species but at lower densities.

INTRODUCTION

The mobile hyperbenthos (e.g. mysids, amphi-
pods) is a little known, but potentially important
part of the estuarine fauna. The hyperbenthos inclu-
des all swimming bottom-dependent animals which
perform seasonal or daily vertical migrations above
the bottom (BRUNEL et al., 1978). This mobile upper
compartment of the benthic community has rarely
been studied because of the methodological pro-
blems involved in sampling. Yet, in recent studies
" its importance in coastal ecosystems has become
well established (e.g. BOYSON, 1975; BUHL-JENSEN
and rossA, 1991; HAMERLYNCK and MEES, 1991; RuD-
_STAM et al., 1986; WOOLRIDGE, 1989).

* Contribution no. 576 of the Centre for Estuarine and Coastal Ecology.

In estuaries, density and biomass of the
permanent hyperbenthos are much higher than in

neighbouring coastal areas (MEES and HAMERLYNCK, .

1992). Especially in the highly turbid brackish
water zone of the estuary extremely high densities
of mysids are noted. These mysids are an important
food for fish (SORBE, 1981a; HAMERLYNCK et al.,
1990) and shrimp (siTTs and KniGHT, 1979) and
they are probably direct grazers of the imported
organic matter (MANN, 1988). In the brackish zone,
hyperbenthic animals can be considered as an
important component of the detritus-based estuari-
ne food chain joining the 'microbial loop’ (detritus
and its associated bacterial fauna) to higher trophic
levels.
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For the Westerschelde (as for most European
estuaries) no detailed information on the. compo-
sition and the spatial and-temporal characteristics
of the hyperbenthic communities is available. In
this paper the distribution of the hyperbenthos in
the Westerschelde estuary is studied both in space
and time, and correlations with some major en-
vironmental gradients are sought. Community para-
meters like species richness, abundance, biomass,
and diversity are calculated. Such a descriptive
baseline study is a first step in trying to unravel
the functioning of the estuarine ecosystem. If
strong correlations can be found between the
environmental gradients and the hyperbenthic com-

. munities, and if the detected spatial patterns prove

to be stable in time, knowledge of the fluxes in-
volved would enable us to include the hyperbenthos
in a simple mathematical model of the estuarine

system.

This study is part of a multi-disciplinary project .

on major european tidal estuaries and aims at clari-
fying the role of the hyperbenthos in the estuarine
ecosystem. The following questions are addressed
in this paper. (1) What are the dominant species in
the hyperbenthic communities, what densities do
they reach, what is_their biomass? (2) What is the

spatial distribution of the most important hyper-
benthic species along the salinity gradient? (3) Is
there an important seasonal variability in densities
and hyperbenthic community structure -in the
Westerschelde? (4) Which environmental variables
correlate with the presence and structure of these
communities?

MATERIALS AND METHODS

Study area

_ The Westerschelde estuary is the lower part of
the river Schelde. It is the last true estuary remai-
ning in the delta area in the south-west of The
Netherlands that is characterized by an important
salinity gradient (HeiP, 1989). The maritime zone of
the tidal system is about 70 km long from the North
Sea (Vlissingen) to the Dutch-Belgian border. In
this zone deep and large flood and ebb channels are
separated by large sandbanks (PETERS and STIRLING,
1976). Mixing of the water is complete (no stratifi-
cation of salinity or current exists). The river drains
about 19500 km2, mainly in Flanders. The mean
fresh water load is estimated at 105 m3 s-1, The
total volume of the estuary (2.5«109 m3) is large in

" Westerschelde

. Viissingen
»

Zuid Beveland

Terneuzen

Zeeuwsch Viaanderen

Hanswaert \

Kanaal door
Zuid Beveland

51°24°

Verdronken land
van Saeftinghe

4°01"

Figure 1. Westerschelde estuary (Dutch part) with location of the sampling stations.
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Estuarine hyperbenthic communities

comparison with the volume of water that enters
gach day from the river (9+108 m3). Consequently,
the residence time of the water is rather long: 75
days or 150 tidal cycles between the border and
Vlissingen (HeiP, 1989). This duration results in a
gradual dilution of the seawater and relatively stable
salinity zones, which are maintained in more or less
the same position throughout a tidal cycle.
Seasonal shifts can be more important depending
on the freshwater inflow. The input of organic and
inorganic pollutants is very high, especially in the
brackish part (DUURSMA ef al., 1988). The important
organic load results in intense bacterial activity
which rapidly exhausts the oxygen in the river. The
annual mean oxygen content drops to less than 2
mg I-1 a few kilometres upstream from the Dutch-
Belgian border (VAN ECK et al., 1991).

Sampling

Samples were collected with a hyperbenthic
sledge which consisted of a heavy metal frame
equipped with two nets. The nets had a length of 4
m, with a mesh size of 2«2 mm in the first 3 m and
1«1 mm in the last 1 m. The lower net sampled the
water column from 20 to 50 c¢m, the upper net from
50 to 100 cm above the bottom. For the purpose of
this paper the contents of both nets were pooled
and treated as one sample. The total area of the
net's mouth was 0.8 m2. The samples were imme-
diately rinsed over a 1 mm sieve and preserved in a
buffered formaldehyde solution, 7% final concen-
tration.

Fourteen stations were selected along the
salifiity gradient of the Westerschelde, covering the
area from Vlissingen near the mouth of the estuary,
to Bath near the Dutch-Belgian border (Fig. 1, Table
1). All samples were taken in the subtidal channels
of the Westerschelde. Where possible the 10 m
depth contour was followed. All samples were taken
during daytime. The sledge was towed over a dis-
tance of 1000 m at an average ship speed-of 8 km
h-1. Trawling was always done with the tide. This
scheme was followed on three occasions (1990-
April-20, 1990-August-23 and 1990-December-11)
in order to cover a spring, summer and winter situ-
ation.

Temperature, salinity, conductivity, dissolved
oxygen, pH and Secchi disc depth were recorded at
the end of each trawl.

In the laboratory all animals were identified, if
possible to species level, and counted. For the
analyses, different developmental stages of deca-
pods  (zoeae, megalopae, postlarvae and adults)

‘were- treated as separate species. Animals with

continuous growth were measured (standard

length: from the rostral tip to the end of the last
abdominal segment for crustaceans; from the tip of
the nose to the base of the caudal fin for fish) and
their biomass was derived from length - ash-free
dry weight regressions. Discrete developmental
stages were given a mean biomass value (MEES,
unpubl. data). All density and biomass data are
presented as numbers of individuals (N) and-grams
ash-free dry weight (AFDW) per traw! (1000 m2) or
per m2. Net efficiency was considered to be 100%;
all density and biomass values should be conside-
red as minimum. estlmates (MEES and HAMERLYNCK,
1992).

Data analyS|s

Diversity was calculated as - Hill's dlversny
numbers (HiLL, 1973). This set of indices incor-
porates the most widely used diversity measures in
a continuum of indices of the order —oo to +c0. The
indices differ in their tendency to include or to
ignore the relatively rarer species: the. impact of
dominance increases and the influence of species
richness decreases with increasing order of the
diversity numbers. When characterizing a com-
munity it is advisable to give diversity-numbers of

different order (Hew et al, 1988). Of particular

interest are the numbers of the order 0 (Np is equal
to the number of species present in the sample),
1 (Ny is the inversed natural logarithm of the
Shannon-Wiener diversity index), 2 (N is the reci-
procal of Simpson’s dominance index and gives
more weight to the abundance of common spe-
cies), and +e (N, is the reciprocal of the pro-
portional abundance of the commonest species:
the dominance index). :

Tahle 1. Names and codes of the sampling stations. The distances

(from mouth of estuary) give the position of the starting point of

the trawl.
Name station Code  Distance (km)
Viissingen 1 3
Schaar van de Spijkerplaat 2 8
Hoge Springer 3 11
Springergeul 4 13
Geul van de Spijkerplaat 5 16
Margarethapolder 6 23
Pas van Baarland 7 26 -
Platen van Ossenisse 8 - 130
Hansweert 9 34

- Schaar van Waarde 10 : 36
Zuidergat 11 40
Overloop van Valkenisse 12 43
Saeflinghe 13 47
Bath 14 52
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The following analyses were performed: a
classification (clustering based on the Bray-Curtis
similarity index and Group Average Sorting - GAS),
an ordination (Canonical Correspondance Analysis -
CCA), and a hybrid technique (Two-way Indicator
Species Analysis - TWINSPAN). All multivariate
techniques were applied to 4th root transformed
abundance and biomass data.

The sampling sites were classified into clusters
according to species composition using the clas-
sification program TWINSPAN (HiLL, 1979). TWIN-
SPAN also yields indicator species characterizing
the various communities. No downweighting of
rare species was done. The cutlevels used in
the analyses were 0, 0.1, 0.5, 1, 2, 3 and 5 for
the biomass data, and 0, 1, 2, 5, 10, 20, and 30
for the density data. Within a wide range of values,
the choice of these cutlevels did not influence the
output of the analyses. -

To check the stability of the TWINSPAN results
and to-reveal the degree of similarity between and
within the detected clusters of samples, a group-
average sorting clusteranalysis with Bray-Curtis
similarities (BRAY and CURTIS, 1957) was performed
on the same datamatrices.

The relationship between species composition
and the -environmental variables measured at each
site was analyzed using the CCA option from the
program package CANOCO (TER BRAAK, 1988).
Conductivity data were excluded from the analysis
since they proved to covary strongly with salinity
values. Secchi depth values, a measure for light
penetration in the water, were transformed reci-
procally before use in the analysis. In this way
the variable becomes a light extinction measure and
reflects the turbidity of the water.

For further characterization and comparison
of the communities k-dominance curves (LAMBSHEAD
et al., 1983) were constructed, plotting the loga-
rithm of the cumulative percentage (the percentage
of total abundance made up by the k" dominant
species and all more dominant species) against the
logarithm of the rank k. In graphs of the species
abundance distribution the number of species
represented by 0, 1, 2.... individuals were plotted
against logarithmic density classes.

RESULTS

Exploration of the data matrix

A total of 104 species were recorded (Table
2). Accidentally caught epibenthic (e.g. demersal
fish, adult crabs, adult shrimp) and endobenthic
(e.g. adult polychaetes and bivalves) organisms,

as well as adult pelagic fish and true planktonic
animals (e.g. coelenterates) were excluded from
the analysis. The amphipod species of the genus
Bathyporeia (probably a mixture of B. elegans, B.
sarsi and B. pilosa) were pooled as Bathyporeia
species. Small postlarval gobies (Pomatoschistus
minutus, P. lozanoi, and P. microps) and larvae of
the Clupeidae (Clupea harengus and Sprattus sprat-
tus) were not identified to species level and were
pooled as-Pomatoschistus species and Clupeidae
species, respectively. Pipefish were recorded as
Syngnathidae species, but were probably exclu-

sively Syngnathus rostellatus. The pelagic eggs of -

fish and the free-living stages of the ectoparasitic
Caligidae were recorded as such and were not iden-
tified in more detail. Rare polychaete larvae. and
some rare decapod larvae were only-identified to
genus level (Table 2). Two crab larvae and one
amphipod could not be identified and are registered
as 'Zoea indet. type 1 and type 2’, and 'Amphipod
indet. type 1'.

After these corrections of the datamatrix the
hyperbenthic fauna was reduced to 66 species. The
complete species list with the identification levels
and the developmental stages considered as sepa-
rate ’functional species’ can be found in Table 2.
The total numbers of individuals caught in the
entire study area per month were in the order
of 90,000 (belonging to 35 species) for April,
280,000 (48 species) for August and 18,000 (30
species) for December. Only 19 species (mainly
chaetognaths, mysids, isopods and amphipods)
were present in every season, 6 species only oc-
curred in the April samples (all temporary hyper-
benthic species), 17 species were restricted to the
August campaign (8 temporary and 9 permanent
hyperbenthic species) and 5 species were only
found in December (2 temporary and 3 permanent
hyperbenthic species).

Mysids dominated the hyperbenthos in each
station. The distribution of the 4 most abundant
mysid species along the estuary is illustrated in Fig.
2. Neomysis integer was absent from the western
part of the Westerschelde but always present in
high numbers in the Eastern part. Mesopodopsis
slabberi is a euryhaline species which occurred
throughout the estuary, highest numbers being
reached in the Eastern part (Fig. 2). In winter num-
bers were low in every station along the gradient.
Schistomysis kervillei and Gastrosaccus spinifer
were the dominant mysids in the marine part of the
study area. Both species tended to penetrate further

"into the estuary during winter. Praunus flexuosus

(Fig. 3) was also restricted to the brackish zone. It
occurred throughout the year in low numbers.
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Table 2. List of species_caught with the hyperbemhlc sledge in the Westerschelde with the abbreviations used Specues marked with *

were excluded from all analyses.

Estuarine hyperbenthic communities

Name and stage
Porifera species

Hydrozoa species
Aurelia aurita
Anthozoa species
Pleurobrachia pileus

Nematoda species
Oligochaeta species

Lanice conchilega
Lanice conchilega aulophorelarva
Nereis species
Nereis species larve
Harmothoé species
Harmothoé species larve
Pectinaria species
" Terrebellidae species
Autolytus species larve

Macoma baltica spat
Cerastoderma edule spat
Muytilus edulis spat

Ensis species spat

Bryozoa species
Sagitta elegans
Asterias rubens

Calanus helgolandicus
Caligidae species

Cirripedia species

Gastrosaccus spinifer
Schistomysis spiritus
Schistomysis kervillei
Neomysis integer v
Mesopodopsis slabberi
Praunus flexuosus

Diastylis rathkei
Diastylis bradyi
Bodotria scorpioides

Eurydice puichra
Idotea linearis
Sphaeroma rugicauda

Pariambus typicus
Caprella linearis
Gammarus crinicornis
Gammarus salinus
Atylus swammerdami
Pleusymtes glaber
Corophium volutator
Corophium arenarium
Bathyporeia species
Jassa falcala

Jassa marmorata .
Ischyrocerus anguipes
Stenothoé marina '
Pontocrates altamarinus
Amphipod indet. type 1
Hyperia galba

Abbreviation
Pori Spec *

Hydr Spec *
Aure auri *
Anth Spec *
Pleu pile *

Nema Spec *

Olig Spec *

Lani conc *
Lani Aulo
Nere Spec *
Nere Larv

Harm Spec *

Harm Larv
Pect Spec *
Terr Spec *
Auto Larv

Maco balt *
Cera edul *
Myti edul

Ensi spec *

Bryo Spec *
Sagi eleg
Aste rube *

Cala helg
Cali Spec
Cirr Spec *
Gast spin
Schi spir
Schi kerv
Neom inte
Meso slab
Prau flex

Dias rath
Dias brad
Bodo scor

Eury pule
Idot line
Spha rugi

Pari typi
Gapr line
Gamm crin
Gamm sali
Atyl swam
Pleu glab -

- Coro volu.

Coro aren

" Bath Spec’

Jass falc
Jass marm
Isch angu
Sten mari
Pont aita
Amph typ1
Hype gaib

Name and stage

Crangon crangon

Crangon crangon postlarva
Crangon crangon zoea
Palaemonetes varians
Palaemonetes varians postlarva
Palaemonetes varians zoea
Processa modica postlarva

Pagurus bernhardus megalopa
Pagurus bernhardus zoea
Porcellana longicornis megalopa

- Porcellana longicornis zoea

Carcinus maenas
Carcinus maenas megalopa

- Carcinus maenas zoea

Liocarcinus holsatus
Liocarcinus holsatus megalopa
Liocarcinus holsatus zoea
Liocarcinus arcuatus
Portumnus latipes

Portumnus latipes megalopa
Portumnus latipes zoea
Corystes cassivelaunus megalopa
Macropodia species megalopa
Zoea indet. type 1

Zoea indet. type 2

Araneae species

Nymphon rubrum
Pycnogonum littorale
Phoxochilidium femoratum

Diptera species
Coleoptera species

Lampetra fluviatilis
Pelagic eggs of fish

- Anguilla anguitla glass eels

Clupea harengus

Sprattus sprattus

Clupeidae species larvae
Trisopterus luscus

Syngnathidae species
Dicentrarchus labrax
Ammodytes tobianus

Liza ramada

Pomatoschistus minutus
Pomatoschistus lozanoi
Pomatoschistus microps
Pomatoschistus spec. postlarvae
Pleuronectes platessa postlarvae
Platichthys flesus postlarvae
Solea solea postlarvae

Limanda limanda

Abbreviation

Crancran *
Cran Post
Cran Zoea
Pala vari *
Pala Post
Pala Zoea
Proc Post

Pagu Mega

Pagu Zoea
Porc Mega

-Porc Zoea

Carc maen *
Carc Mega
Carc Zoea
Lioc hols *
Lioc Mega
Lioc Zoea
Lioc arcu *
Port lati *
Port Mega
Port Zoea
Cory Mega
Macr Mega
Zoea typ1
Zoea typ2

Arac Spec *

Nymp rubr
Pyen litt
Phox femo

Dipt Spec *
Cole Spec *

Lamp fluv *
Fish eggs

Angu angu
Clup hare *

- Spraspra*

Clup Spec
Tris lusc *
Syng Spec
Dice labr *
Ammo tobi *
Liza rama *
Poma minu *
Poma loza *
Poma micr *
Poma Spec
Pleu plat
Plat fles
Sole sole
Lima lima

NG AN AT I A TR
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Fig. 2. Distribution of the most abundant mysid species along the axis of the estuary in April, August and December.
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Fig. 3. Dis'tribution of selected hyperbenthic animals along the axis of the estuary in April and August.
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Schistomysis spiritus is a typical marine species

which entered the estuary in winter, was still pre-

sent in very low nimbers in spring but completely
absent in summer (not shown). A

The distribution of some other hyperbenthic
species characteristic for the different communities
was shown in Fig. 3. The most common amphipod
species in the marine part of: the estuary was

Gammarus crinicornis. Upstream, this species was

gradually replaced by Gammarus salinus which
reached much higher densities. Atylus swammer-
‘dami was also restricted to the marine zone, where-
as Bathyporeia species were much more common
in the brackish waters. Other typically marine spe-

cies that did not penetrate far into.the estuary..

included the isopod Idotea linearis, the amphipod
Caprella linearis, all cumacean species encountered
in the study (e.g. Diastylis rathkei) and a high
variety of temporary hyperbenthic species (e.g.
fish eggs and decapod larvae). Note that the mega-
lopa stages of the shore crab Carcinus maenas
penetrated further into the estuary than the zoeal
stages. The only temporary hyperbenthic species
reaching highest densities in the brackish part
of the estuary was postlarval flounder, Platichthys
flesus. -

Hill's diversity numbers were calculated for
each station in each season and for the stationwise
sum of all density data over the three sampling
periods (Table 3). The variation in diversity (Ng. Ny,
N, and N..) between sites:is shown in Fig. 4. The

-

innermost sites had a clearly-lower diversity for all
measures: these samples are characterized by a low
number of species with one-or-two species domi-
nating the community numerically. The most down-
stream stations had the highest diversities: here a
high number of species were present and the indivi-
duals were distributed more evenly among -them.
For the total study area, the highest number of spe-
cies were present in summer (cf. highest No).
However, a lot of these species were rare (only 1 or
2 individuals caught): for all other diversity num-
bers the spring and. winter samples show higher
values, the spring samples being by far the most
diverse. .

Environmental variables

The -main- environmental gradients for each
season are shown in Fig. 5. Salinity and dissolved
‘oxygen ‘always showed a continuous decline from
the mouth towards the inner reaches of the estuary.
The Secchi depth gradient was less regular but the
Eastern half of the study area was on average cha-
racterized by a higher turbidity of the water. In
spring and summer temperature increased towards
the inner part of the estuary; in winter this trend
was reversed but still the innermost station had a
higher temperature than the neighbouring stations
downstream. This was probably due.to thermal
enrichment from the nuclear power plant of Doel
near the Dutch-Belgian border just.outside the
study area. ?

Table 3. Hill's diversity numbers Ng, Ny, Np, and N_, for each sample and for the whole month. The month in which the sample was
taken is indicated by two letters preceding the qode (ap for April, au for August and de for December).

April  api ap2  ap3 ap4 apd apé  ap7
Np 20 20 20 17 17 9 15
Ny 7.149 5882 6.535. . 6.619 5.472 3.709  4.950
Ny 5070 4.041 4.440 4.187 4217 2174  3.558
N, ~-3.051 2930 2630 2370 - 3.140 1500 2.710
Aug. aul au2 aul aud éus aub  au?

Ng 20 26 16 2 B 18 1

Ny 3010 3.301 3.054 2841 1539 1284 1.730
No 6.031 2599 2493 2866 1.357 1.194 1.647
Neo 4590 1714 1703 1.860 1.170 1.894 1316

Dec. del de2 ded ded de5 de6 - de7

Ng 6 15 7 14 12 7 6

Ny 2317 3.964 1866 2.021 - 1.731 1.510 1.696
Np 3285 3497 1414 1920 1.433 1.346 1.563
N,, 2400 2540 1190 1420 1.206 1.160 1.280

a8 apd api0 apil api2 ap13 apid Total

14 20 15 18 1 10 12 3B

3118 2679 1.555. 2422 1.868 -.2.090 1.804 3.191
1915 1929 1220 1911 1453 1574 1.393 2419
1410 1450 1110 1450 0820 1.275 1.191 1.749
a8 au9 -aul0 autl awi2  awld aul -4 Total
A 14 11 12 13 12 48

2044 1051 1342 1.149 1.077 1329 1411 1.571
17586 1.027 1171 1056 1.081 1.165 1.226- 1.239
1385 1.013 1.085 1028 1015 1082 1.113 1117

15 20

de8  des -del0 detl del2 detd det4 Total
8 6 14 7 12 1 5 3

1826 2481 ¢ 1960 1375 1802 1.4351.013  2.466
1999 2191 1650 1160 1.518 1.2311.007 1886

1.490 1.740 1.340 1.080 1.266 1.1141.003  1.457
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Fig. 4. Hill's diversity numbers for each station, caiculated from the sum of the density data over the 3 months.

Analysis of temporal and 'spalianl patterns
(complete data set)

Identification of communities

The result of the TWINSPAN analysis per-
formed on the (4th root transformed) density data
of the three seasons taken together is presented in

Fig 6. The first division is a spatial one: all down-
stream (Western or 'marine’) samples of the three
seasons are separated from the upstream (Eastern
or 'brackish’) samples. Indicator species for the
Western group are zoea larvae of the swimming
crab, Liocarcinus holsatus. The indicators for the
Eastern group are the amphipod Gammarus salinus
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Fig. 5. Environmental variables measured at each station for the three months.

157

AT RO R VI e T 2,



Estuarine hyperbenthic communities

Neom inte (1)
Gamm sak (1)
Lioc Zoea (1) | Maso siab (5)
Pist fles (7)
Sci spi (1)
Fish Eggs (1)
FPogu Zooe (1) Syng Spec (3)

Lioc Moga (1) . . Gastspin (1) Piat fles (1) Schi kerv (1)
R P I e S
e det a9
ap? de2 Ao Larv (1) Gast spi (1)

&p8 ap4 ap1 aut aud ap9 api1 ’ [Nk} auld
ap5 ap2 au2 aué ap10 ap12 aul4 autl
g3 e ad 13 43 des - .ded  del0 a2
aus . aug apid " ded do6 dat1 de12
: do7 de13
dou

cluster 1 cluster2  cluster3 cluster 4 cluster 5 cluster6 . .cluster7  cluster8

april april august " december april december december august

*mid* *west* *west’ ‘west’ *east’ "mid* "east" "east’
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Platichthys flesus (larvae of ﬂoundér),» fish eggs

and the mysids Neomysis integer’ and Mesopo-
and the zoea larvae of the hermit crab Pagurus

dopsis slabberi, the latter species at high densities

(cutlevel 5). The subsequent divisions reveal sea-
sonal patterns in both major clusters. In the
Western group the 8 outermost spring samples
first split off from a group comprising the 8 outer-
most summer samples and the 2 most downstream
winter samples. Indicator species for the spring
samples are all temporary hyperbenthic species:

" bernhardus. An additional indicator is the marine -

mysid Schistomysis spiritus. Further divisions yield
4 ecologically meaningful clusters, each grouping a
number of spatially and seasonally segregated
samples (see Fig. 6). A similar pattern appears in
the Eastern group. In the first instance all summer
samples are split off. In a subsequent division in
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Fig. 8. Results of CANOCO analysis using the density data of the
three months. Biplot of sample scores and environmental variables
with indication of the communities as identified by TWINSPAN
(top), and biplot of scores of the most important species {bottom).
The scores of the environmental variables were divided by 4 to fit
the graph.

the remaining group the spring samples are com-
pletely separated from the winter samples (indica-
tor species again larval flounder). A third division,
grouping the .winter samples into two clusters
('mid’ and "east’) is also considered to be meaning-
ful. In total 8 clusters are distinguished. .

The analysis with the biomass data yields
almost the same picture (not presented). The dif-
ference is that in the very first: division all April

samples are isolated with Platichthys flesus as in-

dicator species. The following divisions -in both
major groups cluster the samples in exactly the
same order as indicated in Fig. 6. Only station 9,
situated at the interface between the marine and the
brackish parts of the estuary, occasionally shifts
from one cluster to another.

- Dendrograms for the cluster analyses have

oo & v A3 A EAEA e et e e 52 4 At ma

~ essentially similar configurations. The analysis with

the density data (Fig. 7) as well as with the biomass
data (not presented) show that the samples from
the Western part of the estuary (roughly stations 1
to 8) were faunistically very different from the
samples from the Eastern part (samples 10 to 14,
with station 9 again showing an indecisive beha-
viour). Then again the same temporal and spatial
patterns emerge dividing the estuary in 2 or 3
geographically isolated areas in each season.

* Relation to environmental gradiehts

- The ordination is in general agreement with the
divisive cluster analyses. The 8 clusters identified

by TWINSPAN can also be identified in the ordina-

tion plane formed by the first (eigenvalue 0.34).and

“second (eigenvalue 0.22)- canonical axes (Fig. 8
~~ top). The eigenvalues for the third and fourth cano-

nical axes are much lower (0.12 and 0.05 respec-

-~ tively) and yield no additional information.

The longest arrows in the environmental biplot
(Fig. 8; top) are salinity. and dissolved oxygen. Both
variables show a strong positive correlation.
Together with the arrow of the reciprocal of Secchi
depth, which is negatively correlated with salinity
(angle of 180°), these two variables characterize
the main environmental gradient correlated with the
structure of the hyperbenthic communities. Along

this gradient, which lies close to the first (and most -

important) canonical axis, the ordination plane is
divided into two zones. On the left side all Western
samples (characterised by high salinity, high oxy-
gen and low turbidity) are grouped; on the right

“side all Eastern samples are found (characterised

by low salinity, low oxygen and high turbidity). The
samples of the middle part of the estuary are loca-
ted in the middle of the diagram. The second cano-

nical axis is correlated with temperature and pH.

The temperature arrow is almost orthogonal to the
main structuring gradient, indicating no correlation
between the values of this variable and the main
gradient mentioned above. Along this axis a tem-
poral segregation of the communities can be seen.
The summer samples are situated in the higher half
of the diagram (clusters 3 and 8). In the bottom half
of the diagram the spring samples produce tight

“clusters (2, 1 and 5). Located between the summer

and spring samples the winter clusters (4, 6 and 7)
are found. - : - '

In the plot of the species scores (Fig: 8; bot-
tom) the most important discriminating species are
shown. Roughly, the species in the left half of the
plot are 'marine’ species which prefer high salinities
and did not penetrate far into the estuary. They are

characteristic for the hyperbenthic communities of
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Fig. 9. Composition and average density (top) and biomass
(bottom) of the communities identified by TWINSPAN of all
density data.

the Western part of the Westerschelde in summer

(upper left quadrant) and spring (lower left- qua-~
drant). Note the.temporary hyperbenthic- species. -

which had their peak abundance in spring in the
lower left quadrant and were mostly restricted to
the marine part. Fish.eggs (only just) and flounder
larvae are the only temporary hyperbenthic species
found in the lower right quadrant. In the right half
of the graph the typical brackish water species are
found which were characteristic for the hyper-
benthos of the -Eastern part of the study area
throughout the year.

-In both plots the spreading of items. (samples
and species) along the second axis is most pro-
nounced in the left half of the diagram. Moving
towards the right, items show a tendency to con-
verge towards the first axis. This result suggests
that temperature (seasonal) effects are most deci-
sive in structuring the hyperbenthic community in
the marine and, to a lesser extent, in the middle
part of the estuary. In the brackish zone the hyper-
benthic fauna showed a nearly identical compo-
sition in each season.- '

Characterisation of the communities

The average abundance and biomass of the
different communities, as identified by TWINSPAN
and confirmed by the other multivariate techniques,

are shown in Fig. 9. In the pie charts the faunistic

composition of each cluster is roughly presented
(only species that make up 4% or more of the total
hyperbenthic community are considered). Mysids
dominated the hyperbenthos of every subarea in
each season. In the clusters from the brackish part
of the estuary densities and biomass are consis-
tently higher than in the clusters from the middle

. and marine parts. They are furthermore' characte- .
- ~rised by a more’monotonous fauna: throughout the

" year few .species occurred in this area but they

- reached very high numbers. The Western stations
...onthe other-hand . were characterised by a poor
... hyperbenthic fauna in terms of density and bio-
. mass,. but.the communities were composed of

many different species.

The hyperbenthic fauna reached highest num-
bers in summer in both marine and brackish parts.
The Eastern community was dominated by. Me-
sopodopsis slabberi and, to a lesser extent, by
Neomysis integer; the Western part by Gastro-
saccus spinifer.

Winter is the poorest season: density, biomass
and diversity were lowest. In the Eastern part
the fauna was almost exclusively composed of N.
integer. The hyperbenthos of the Western part was

-..again more diverse and the most important species
-were ‘Schistomysis kervillei (especially in biomass

terms), Mesopodopsis slabberi, and a variety of

- other permanent hyperbenthic species. The middle

part of the estuary was dominated numerically by

.M. slabberi, though:this: slender species -did - not

contribute: much to the total biomass of the
community. The biomass. pie chart showed that
representatives . from both Eastern and Western:
communities were equally well represented in
this area.

In spring total densntles were high, yet lower

- than in summer. The dominant species in the April-

East.community were M. slabberi (density) and N.
integer (biomass). The April-West community was
the most diverse of all, due to the presence of a
variety of equally important mysid and temporary
hyperbenthic species. The ‘middle part was again

characterised by a mixture of the species charac- .

terising the other communities of the same month,
M. slabberi being the dominant species. Due to the
larger body size of the individual mysids in the
spring generation (MEES, unpubl.) their biomass
value was proportionally a lot higher than in the
other seasons.

160



MEES, DEWICKE and HAMERLYNCK

N
Hansweert . ‘
-

BV _
Terneuzen

' Décemb‘er-

Figl. 10. Geograbhicél location of the four different cbmmunities
identified by TWINSPAN of the der!sity data for separate months.

Anaiyses with data per season-

Identification of communities ‘ S
The dendrograms of the TWINSPAN analyses
using density and biomass data of the separate

months are not presented as such. Fig. 10 shows

the geographical location in real space of the clus-
ters yielded after the second division in the analysis
of the density data. The analyses with the biomass
data give exactly the same picture except for some
minor shifts of marginal stations in the middle part
of the estuary to-the neighbouring clusters (one
station in summer'and onein winter). The general
spatial pattern is the same for each month. Four dif-
ferent communities were present in the study area:
two were located in the Western part of the estuary
(clusters 1-and 2) and two in the Eastern part (clus-
ters 3 and 4). Cluster 3 of April and August consists
of only one station (station 9). The group average
sorting cluster analysis yields the same groups of
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Figure 11. Results of CANOCO analysis using the densily data of
April. Biplot of environmental variables (bottom), and biplot of
sample scores and scores of the most important species (top).
The solid line in the top graph indicates the real space order of the
samples. -

samples. These analyses further: show -that the
communities  of clusters 1-and 2 are always highly
similar and that the stations .in cluster 4 have a

highly dissimilar faunistic composition in comparis-

on with the other groups. The small cluster 3
shows an unstable behaviour: ‘in one analysis it
clusters closer to the Western: stations, closer to
the Eastern stations in the next. s

Relation to environmental gradients g

Fig. 11 depicts the results of the canonical :

correspondance analysis performed with the den-
sity data of the spring campaign and is exemplative
for the output yielded by this technique for the

other seasons too. Oniy the ordination plane for-

med by the first two axes (eigenvalues'0.35 and

0.09) is considered; the eigenvalues of the higher

axes are always negligible (never more than 0.05).
The plot of the scores of the environmental varia-
bles (Fig. 11; bottom) shows a clear gradient with
highest salinities, dissolved oxygen concentrations
and light penetration values and lower temperatures
on the right side of the ordination plane. The sali-
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Fig. 12. Average density (left) and biomass (right) of the communities identified by the TWINSPAN analysis
with the density data of the separate months. .
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Fig. 13. K-dominance plots for three different communities in each month (left) and thé species-abundance distribution for the same

communities using the sum of the data over the 3 months (right).

nity and dissolved oxygen arrows are long and
have a strong positive correlation. They nearly
coincide with the first axis and are thus most
“important in explaining the observed variation. In

the top half of the same figure the scores of -

the samples and the most important species are
~ plotted together. The consecutive stations of -the
sampling scheme are connected. by a.line, with
‘the most downstream station (1) situated on the
right and the innermost station (14) on the left. Al
species located in the left part of the diagram are

typical for the brackish water zone, the species on -

the right for the marine zone of the estuary. The
spatial distributions of the most important species
in each season are presented in more detail in Figs.
2and 3. :

Characterisation of the communities
Fig. 12 shows the average density and bio-
mass and the composition of the hyperbenthic

fauna in each cluster identified by TWINSPAN for

gach season. It is immediately obvious that the
eastern clusters (3 and 4) are always characterised
by a much richer hyperbenthic fauna (higher den-
sity and biomass) which was dominated by Me-
sopodopsis slabberi and Neomysis integer. The

Western clusters (1 and 2) are characterised by
lower numbers of individuals spread over a higher
number of species.

For the. construction of the k-dominance cur-

- ves and the species-abundance plot (Fig. 13) the
_ communities . considered are . not the sums .of

the samples of the twingroups, since different

. clusters contain different numbers of samples and

the sampling effort is thus not the same for each
community. Instead, 2 stations per subarea were
selected which consistently - clustered - together
throughout the. study-period: stations 1 and 2 are
representative for the Western part, stations 7 and
8 for the middle part and stations 13 and 14 for the
Eastern part of the estuary. For the three seasons,
the k-dominance plots (Fig. 13; left) show essen-
tially the same picture: the curves of the Eastern
communities are very steep and reach the_ plateau
first, the curves for the Western communities are
least steep and the curves: of the communities of
the middle reaches of the study. area take an inter-
mediate position. In the spring situation, species
are most equally distributed over the different
abundance classes; dominance effects are most
pronounced in the winter situation. The species-

abundance plot (Fig. 13; right) shows species
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belonging to lower abundance classes to be
best represented in the Western part of the
estuary. The highest abundance classes are only
occupied by species occurring in the Eastern part
of the estuary. The community of the middle
part again takes an intermediate position. except
for the very lowest abundance class. This is not
surprising since in this area several species
belonging to the ‘marine- and brackish commu-
nities meet and are subsequently caught in low
numbers.

DISCUSSION

Ideally, a random stratified sampling scheme

should be used in ecological surveys. For our -
sampling programme there were, however, some -

logistic limitations in selecting the sampling sta-
tions. First, stretches of 1000 m length had to be
found which were free of obstacles. Further, we had
to take into account the draught of the ship, the
distance that can be taken in one day, etc. The
result was a more or less systematic sampling at
fixed locations in the subtidal channels of the
estuary. These limitations did not necessarily lead
to an important loss of information, since an
estuary,can be considered as a fairly linear system
dominated by unidirectional linear environmental
gradients. However, the impossibility to sample
shallow areas and the fact that the sampling
methodology is not flexible enough to adapt to
the tidal situation, can lead to an incomplete
picture and to gaps in the knowledge of the
hyperbenthic compartment of the ecosystem. This

is certainly the case for species like . Praunus -

flexuosus (TATTERSAL and TATTERSAL, 1951) and

Palaemonetes varians (SMALDON, 1979) which are

known to prefer shallow intertidal parts of
estuaries. No samples were taken upstream from
Bath because of problematic bottom conditions and
busy shipping. This did not lead to much loss
of information because hyperbenthic life ceases
shortly upstream- of the Dutch-Belgian . border
(MEEs, et al, 1993). In the salinity range sampled,
the species composition of the mysid fauna of the
Westerschelde resembles that of other European
estuaries (e.g. MOFFAT and -JONES, 1993; SORBE,
1981b).

Results from the various types of multi-
variate analysis performed on the data differed
only in small details, confirming the stability of
the patterns described. The transition in space
from one community to the next should of
course be considered to be a gradual process

(cf. CCA April). The change is not abrupt. The
combination of several multivariate techniques
merely gives us objective criteria to decide where
one community stops and an other one begins. The
division of an estuary into several zones on
the base of changes in community structure can
never be absolute, because the constituting species
do not respond in exactly the same way-to envi-

-ronmental variables, each having e.g. a specific

salinity range and optimum. A division like the one
presented here can however be very useful for
modelling purposes. The number . of estuarine

- species is quite low and their distribution seems to

be highly predictable in relation tothe reigning
physical and chemical conditions.” - LR

~ In the hyperbenthic community of a shallow
coastal “area - seasonal . patterns ' dominated over

“the spatial structure, i.e. a. sample resembled any
‘other sample of the.same. month more than the

samples from the.same location of any other

“month (HAMERLYNCK and - Megs, ~1991). This  was

mainly due to the sequential appearance, high
abundance and disappearance of temporary hyper-
benthic species (e.g. larval Decapoda and Poly-

_chaeta, larval and postlarval fish). An_important

difference with the hyperbenthic community. struc-
ture in the estuarine habitat is - that: here :the
spatial patterns are more important than the
temporal ones (e.g. Fig. 6). This is the case espe-
cially in the brackish part -of the system, where
the similarities between the clusters grouping the
samples of the different months are high (Figs. 7
and- 8). ‘The main reason for this is the" fact

 that the “spatial gradient in 'species composition

in estuaries is very steep: the communities of
the marine and brackish parts are composed mostly
of different species. Furthermore, most - tempo-

‘rary and migratory hyperbenthic species are not

able to penetrate far into the estuary (Fig. 3) re-
sulting in a species-poor community -upstream,
which is always dominated by the same few
species. Despite the fact that strong. temporal
variations in abundances- are observed for the
main brackish water populations (Fig. 2), com-
munity structure as a whole thus remains stable
throughout the year. ' -
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Abstract

The hyperbenthic fauna of the subtidal channels of the Eems (N. Netherlands), Westerschelde (S.W. Netherlands),
and Gironde (S.W. France) estuaries was sampled within a 15-day period in summer 1991. In each estuary,
quantitative samples were taken at regularly spaced stations covering the entire salinity gradient from marine
conditions at the mouth to nearly freshwater conditions upstream. The diversity of the samples and the distribution
of the species along the main estuarine gradients were assessed. 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 patterns in density, biomass and diversity
of the hyperbenthos were similar in the three estuar-
ies: 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 Eems
and Gironde there was a slight increase in diversity
towards the freshwater zone. Within each estuary two
(Westerschelde) or three (Eems and Gironde) commu-
nities could be distinguished and their position along
the unidirectional salinity-turbidity-temperature gradi-
ent was similar: a marine community in the high salin-
ity zone, a brackish water community in the middle
reaches and a third community (absent in the West-
erschelde) in the stations with the lowest salinities.

Qualitative and quantitative differences in the corre-

sponding 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 com-

mon to all three. Still, these differences were marginal
compared to the overriding similarity of the hyperben--

-thos 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 hyperben-
thic community was completely absent. Upstream of
the 10 g 1! isohaline the dissolved oxygen concen-
tration dropped to a critical threshold value for hyper-
benthic life. The populations of a number of species,
which in Gironde and Eems reached highest densi-
ty 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’ salini-

ty range and their populations have shifted to high-
er, atypical salinity zones (e.g. Neomysis integer,

Mesopodopsis slabberi, Pomatoschistus microps and.

Gammarus salinus.

Introduction

Estuaries are located at the mterface between sea and

land. As ecosystems they perform several v1ta1 func-

tions, e.g. as nursery areas for juvenile fish and shrimp,
migration routes for anadromous and catadromous
fish, habitats for estuarine residents and spawners, etc.
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