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Introduction

INTRODUCTION

Th e  E c o f l a  t  p r o j e c t

The ECOFLAT project (ECO-metabolism of an estuarine tidal FLAT) is a research 
project funded by the European Commission in the framework of ENVIRONMENT & 
CLIMATE Programme (contract number ENV4-CT96-0216) and is part of ELOISE 
(European Land Ocean Interactions Studies). The aim of ECOFLAT is to understand the role 
of intertidal flats in the ecology of estuaries, and to upscale from process understanding at the 
small scale to predictions relevant for management at the estuarine scale. The general 
objectives of the whole project are:
1. A multidisciplinary study of processes important for the carbon and nutrient cycling within a tidal 

flat ecosystem, and between the tidal flat system and the estuary. Integrated measurements 
performed at the appropriate scales for the processes of interest.

2. Development of predictive mathematical models describing the processes and relating them to the 
main forcing factors for the tidal flat system.

3. Bridging the gap between the scales at which the processes operate and are measured, and the 
ecological target values for environmental management and prediction of the ecological 
consequences of global change.

Within the last objective, the Institute of Nature conservation is involved in the 
‘upscaling to the estuarine scale by modelling: derivation of target variables from process 
knowledge’. Responsible partners are the Institute of Nature Conservation, RIKZ and Delft 
Hydraulics. The main objectives are:
0 Predict, using the ecosystem model and a hydrodynamica! model, the importance of tidal flat 

processes to the general ecosystem functioning 
0 Predict macrobenthic biomass and structure from water quality variables (derived from an 

ecosystem model and observations) and from a hydrodynamica! model on the one hand, and from 
process knowledge gained in the project on the other hand 

0 Predict changes in ecosystem functioning under different scenarios of changed 
morphological/physical forcing and of changed anthropogenic impact on the estuary 

0 Validate predictions against existing data on a different estuary 
0 Extension of macrobenthos data base where critical data are missing

The specific tasks of the Institute of Nature Conservation are:
0 create a database on the macrobenthos of the Schelde estuary, based on existing and available 

data, and coupled with a database on abiotic variables, derived from models (ecosystem model and 
hydrodynamical models) and observations 

0 extend the existing database on the macrobenthos of the Schelde estuary where critical data are 
missing (especially towards the temporal variability of the benthos)

0 explore the relations between macrobenthic invertebrates and environmental variables in order to 
couple these data with models of the estuary and predict distributions and biomass of benthos 
(based on existing data and knowledge)

0 draw up response curves (habitat suitability curves, ecoprofiles) for the dominant macrobenthic 
species

1
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Introduction

B a c k g r o u n d  a n d  o u t l in e  o f  th e  r e p o r t

Macrobenthos is a central element of estuarine foodwebs. Macrobenthos is an 
important food resource for crustaceans, fish and birds. Humans also harvest many species of 
shellfish and crustaceans. Macrobenthos is an important component of estuarine ecosystems 
and in general plays an important role in the system dynamics (structure and function) of 
estuaries (Herm an  et al., 1999). Therefore, evaluation of the consequences of human induced 
changes will likely include the possible responses of the macrobenthos and the analysis of 
benthic infauna is a key element of many marine and estuarine monitoring programmes.

The starting point is that macrofaunal species distributions reflect the present state of 
the estuarine ecosystem. Human impact on estuaries will affect the ability of these ecosystems 
to support macrofaunal occurrence (in terms of diversity, density or biomass).As 
macrobenthos could be considered as sedentary and relatively long-lived, the benthos will 
integrate environmental influences at a particular place.

The occurrence and distribution of macrobenthic species and communities in the 
Schelde estuary has been studied in detail by Wolff (1973), V ermeulen & Gov aere 
(1983), M eire et al. (1991), Y sebaert et al. (1993,1998) and Craeymeersch  (1999). Like 
most other studies on estuarine macrobenthos, these studies mainly evaluated the relationship 
between multivariate community structure and environmental variables (through different 
clustering and/or ordination techniques), or described the distribution (in terms of density and 
biomass) of some indicator species along different spatiotemporal gradients (e.g. salinity).
The (statistical) responses of individual species to estuarine gradients, represented by 
environmental variables that are essential factors for their occurrence (presence/absence, 
density or biomass), have not been widely studied. Indeed, within coastal marine and 
estuarine ecosystems little attempts have been made to statistically model the responses of 
individual macrobenthic species to environmental variables on a large, e.g. estuarine scale 
and use these models to predict the distribution and occurrence of macrobenthos 
(Constable, 1999). However, there are increasing demands for reliable and quantitative 
predictive tools. On the one hand, these are required to interpret post-hoc any changes that 
have been observed in the benthic community. A quantification of species preferences and 
tolerances to environmental conditions may help to understand and establish system 
properties On the other hand, they are needed to predict future species response to anticipated 
changes in environmental conditions.

In our approach physicochemical factors are used as predictors for the occurrence of 
macrobenthic species on the estuarine macro-scale. In shallow-water coastal and estuarine 
systems, environmental factors such as salinity, sediment characteristics and hydrodynamic 
processes play a definite role in structuring benthic communities. Figure 1 gives a schematic 
representation of the main (a)biotic variables which are involved in structuring the 
macrobenthic communities. In this study the following variables, obtained both from field 
observations and numerical model simulations, were selected for incorporating in the 
macrobenthic database: salinity, depth/height, sediment characteristics and current velocities.

In estuaries salinity is one of the most deterministic factors for the occurrence of a 
certain macrobenthic species (S anders et al., 1965; Carriker, 1967; W olff, 1973; B oesch , 
1977; M ichaelis, 1983; Holland  et al., 1987; Y sebaert et al., 1993,1998).

Depth (or height) in estuaries will clearly influence the occurrence of macrobenthic 
species, as this abiotic factor is related to the physical environmental stress in estuaries. Of 
course, one should realise the pronounced difference between the subtidal zone and the 
intertidal zone. In the subtidal zone the physical conditions, related to the tidal stress which is 
most pronounced in the channels, will predominate (W ildish & Kristm anson , 1977;

3



Macrobenthos Schelde estuary

W arwick & U ncles, 1980; W arwick et al., 1991) In the intertidal zone depth (or height) is 
better being expressed as tidal inundation or exposure time. Here a complex interaction exists 
between periods of tidal (and wave) currents, a changing tide level (water depth) and periods 
of exposure to the air, which will influence, besides the hydrodynamic processes themselves 
(see further), also food availability, predation pressure (e.g. birds), etc.

Sediment grain-size distributions are the result o f sorting processes during 
sedimentation, erosion and transport and are therefore linked to the prevailing currents.
Several studies have indicated sediment characteristics (e.g. mud content) as being important 
factors influencing benthic populations (e.g. Gr a y , 1974; B eukem a , 1976; D ankers & 
B eukema , 1981; Meire et al., 1994) and mud content is often used as an indicator of food 
availability for deposit feeders, supposing a relation between mud content and organic 
fraction of the sediment, or between mud content and microphytobenthos occurrence on the 
sediment.

Most macrobenthic studies only dealt with the “static” factors mentioned above. 
However, several studies clearly showed the importance of hydrodynamica! conditions such 
as current velocity and bed shear stress for the transport of sediment, food and juvenile 
macrofauna (both larval settlement and post-settlement transport) (Grant , 1983; B u tm a n , 
1987; Commito et al., 1995; W ildish & Kr istm anso n , 1997) Recent studies also showed 
hydrodynamic factors affecting the stability of the sediment by mobilising bed material, 
including macrofauna (B ell et al., 1997; Grant  et al., 1997). Wind waves were not 
considered in this study. The effect of waves in the intertidal zone of estuaries will be 
certainly less than in the surf zone along beaches, but during storm periods wave action will 
certainly episodically influence the macrofaunal distribution (D olphin et al., 1995).
However, no data on wind waves were available for the Schelde estuary. Also the direct effect 
of currents, namely the sediment mobilisation (depth of bed disturbance) and sediment 
transport was not taken into account in this study, as also for these parameters no data were 
available at the estuarine scale.

The aim of this study is to statistically model the responses of individual 
macrobenthic species to the above mentioned environmental variables on a macro-scale, this 
is estuarine scale. The individualistic response of (indicator) species should be an integral part 
of any attempt to model the distribution of macrobenthic populations and communities. These 
models could then be implemented in management strategies. This will only work if the 
parameters used in the model to describe the spatial occurrence of macrobenthic species are 
the only deterministic factors. One should indeed keep in mind that some important factors, 
like food availability (in terms of phytoplankton for the suspension feeders and in terms of 
particulate organic matter in the sediment for the deposit feeders) are not included in this 
study. Also biotic interactions are not incorporated.

The objectives of this study were:
(1) to describe the main characteristics of the macrobenthos along estuarine gradients
(2) to model the response of some important macrobenthic species to the abiotic 

environmental predictors salinity, depth, current velocities and sediment characteristics
(3) to define the realised niches of some estuarine macrobenthic species on an estuarine, thus 

broad scale.

4



M aterial & Methods

MATERIAL & METHODS

S t u d y  a r e a

The Schelde estuary measures 160 km from the mouth near Vlissingen (The 
Netherlands) to Gent (Belgium) (Figure 2) and is one of the longest estuaries in NW-Europe 
with still a complete estuarine gradient: at the mouth and in the lower reaches a marine 
(polyhaline) zone, in the middle and inner reaches a brackish (mesohaline) zone and in the 
upper reaches an oligohaline and freshwater tidal zone. The mean tidal range increases from 
3.8 m at Vlissingen to 5.2 m near Antwerpen. At Gent the tidal range is still 2 m. The river 
discharge varies from 20 m V 1 during summer to 400 m Y 1 during winter, with a mean yearly 
average of 105 m V 1. The total volume of the estuary (2.5* IO9 m3) is large in comparison with 
the volume of fresh water that enters each day from the river (9*IO6 m3). The residence time of 
the water in the estuary is rather high, ranging from one to three months, depending on the river 
discharge (Soetaert & Herman, 1995).

Between the mouth and the Dutch/Belgian border the estuary is called Westerschelde; 
between the border and Gent it is called Zeeschelde. The study area is limited to the 
Westerschelde and a small part of the Zeeschelde near the Dutch-Belgian border (Figure 2), 
making up the complete polyhaline and mesohaline zone of the estuary. The lower and 
middle estuary, the Westerschelde (55 km), is a well mixed region characterised by a complex 
morphology with flood and ebb channels surrounding several large intertidal mud- and sand- 
flats. The surface of the Westerschelde is 310 km2, with tidal flats and marshes covering 43 
%. The average depth is ± 10 m. Upstream the Dutch/Belgian border, the estuary is 
characterised by a single channel, and here industrial activities are concentrated (harbour of 
Antwerpen). The turbidity maximum is situated in this region of the estuary but moves over a 
quite large distance, depending among other things on the tidal action and river run off 
(Wollast & M a r u n s , 1981; Fettweis et al., 1998). Nowadays, dredging activities for 
shipping and pollution are the major anthropogenic stressors. Yearly, about 8 million m3 of 
sediment has to be dredged and because of an ongoing deepening of the channel, dredging 
activities will further increase (Vroon et al., 1997). For a detailed description of the 
ecological and physicochemical properties of the estuary see several papers in Meire & 
Vincx (1993) and He ip & Herman (1995).

NEDERLAND SCHELDE
ESTUARY,

Figure 2. M ap o f  the Schelde estuary
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Th e  m a c r o b e n t h o s  d a t a b a s e  

Sam plin g  effort
The macrobenthos database contains all available data collected by different institutes 

since 1978 (Figure 3a) and which were available in June 1998. A total of 3112 sampling 
occasions were put in the macrobenthos database and used for further analysis.

In the eighties only relatively few samples were taken. In the nineties the sampling 
effort increased substantially, mainly by the start-up of a Dutch national monitoring 
programme (BIOMON) in the Westerschelde and of a Flemish monitoring programme in the 
mesohaline part of the Zeeschelde. By far most data were collected and analysed by two 
institutes, namely the Centre for Estuarine and Coastal Ecology (NIOO-CEMO) and the 
Institute of Nature Conservation (before that at the University of Gent), mainly by order of 
and in co-operation with the National Institute for Marine and Coastal Management (RWS- 
RIKZ) at Middelburg.

Most samples were taken in autumn period (September-October), with a smaller peak 
in spring (March-April-May) (Figure 3b). Most sampling locations (68%) were sampled only 
once (Figure 3c). However, several sampling locations were sampled two to five times, and a 
few were sampled more frequently within a long term programme and therefore the term 
sampling occasion is used rather than the term sampling location. One sampling location on 
the mudflat Groot Buitenschoor in the mesohaline part of the Zeeschelde was sampled on a 
monthly basis since 1990 and 70 sampling occasions were included for this location in the 
database (Figure 3c).

Different collecting methods were used, but in general multiple sediment cores were 
used for sampling the intertidal zone, and Van Veen grab or Reineck box corer for the 
subtidal zone. All samples regard the macrobenthos, this is all animals retained on a sieve 
with mesh size 1 mm. All density data were transformed to ind m"2, and biomass data to g 
AFDW m-2. For more details on the sampling methods and the design of the monitoring 
programmes we refer to Craeymeersch (1999).

The m acroben th os d a ta b a se
A lot of the data was already stored in a relational database structure, which was 

developed at the Centre for Estuarine and Coastal Ecology (NIOO-CEMO) (see 
Craeymeersch, 1999). The database was extended with data collected at the Institute of 
Nature Conservation, mainly dealing with the mesohaline part of the Zeeschelde. A total of 
3.112 sampling occasions were put into the macrobenthic database.

The database contains, besides information on the density (ind m"2) and biomass (g 
AFDW m-2) of individual macrobenthic species, information on each sampling occasion 
(location, short description of the location, date of sampling, geographical position, depth). A 
file containing information on the abiotic variables was added to the macrobenthos database 
(see further).

7
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Material & Methods

Abiotic variables
For each sampling occasion the following abiotic environmental variables were added 

to the macrobenthos database (if available): depth (or height), salinity (model salinity and 
temporal salinity), current velocities (maximum ebb and maximum flood current velocities), 
sediment characteristics (median grain size and mud content (fraction < 63 |im)).

At all subtidal stations, depth was recorded at the time of sampling. The height of the 
intertidal stations was for some stations measured directly in the field, but for far the most the 
height was obtained from a Geographical Information System (GIS), storing all bathymetric 
data in the area. For 2874 sampling occasions (92 %) a depth value was added in the 
macrobenthos database. In the database values below NAP had positive signs, whereas values 
above NAP had negative signs.

Salinity was estimated for each sampling location with the hydrodynamica! model 
SCALDIS400 (v a n  der Meulen a n d  S ileon, 1997) with a spatial resolution of 400 meters. 
Model calculations are based on long term values for an average tide under average, 
minimum and maximum river discharge conditions, giving an average, maximum and 
minimum salinity value respectively. A general idea of the available macrobenthos data along 
the longitudinal (salinity) gradient of the Schelde estuary is given in Figure 4. The advantage 
of using the SCALDIS model is that a fine spatial scale is obtained but the estimates are not 
seasonally defined. Therefore also monthly to fortnightly measurements at nine stations along 
the Westerschelde are used to get an idea of the temporal variation in salinity, but at a much 
broader spatial resolution as compared to model salinity. For each sampling occasion the 
temporal salinity was determined as the average salinity of the three months previous to the 
date of sampling. For all sampling occasions salinity values were added in the macrobenthos 
database. Estimates obtained from model simulations are called ‘model salinities’, whereas 
the values derived from field observations are called ‘temporal salinities’.

Current velocity estimates (maximum ebb and flood current velocities in m.s'1) for 
each sampling location were estimated with the SCALDIS 100 model, but with a spatial 
resolution of 100 meters. For 3037 sampling occasions (98 %) current velocity estimates were 
added to the macrobenthos database.

All hydrodynamica! model calculations were performed by RWS-RIKZ (Harm 
Verbeek).

Several sampling campaigns also collected sediment samples, upon which sediment 
grainsize analysis was performed by laser diffraction. For 1502 and 1386 sampling occasions 
(48 % and 45%) median grain size and mud content values were added to the macrobenthos 
database respectively.

S t a t is t ic a l  a n a l y s is

Main characteristics o f the macrobenthos alone estuarine gradients

All macrobenthos data were averaged per sampling occasion and standardised to 
numbers per m2 (ind m-2) and biomass values were expressed as grams Ash Free Dry Weight 
per m2 (g AFDW.m"2).

O f several groups of species, which have difficult determination keys, the 
determination was often not performed at species level or was a matter for argument. 
Therefore, for Bathyporeia, Ensis, Microphthalmus, Nemertea, Oligochaeta, Ophelia, 
Polydora, Spio, and Spisula all individuals were lumped and put under one species name.

9



Macrobenthos Schelde estuary

All macrobenthos species were classified into five feeding guilds: surface deposit 
feeders, deposit feeders, suspension feeders, omnivores and predators.

Environmental variables were categorised as followed:
•  four salinity regions: lower estuary (Vlissingen-Temeuzen) which is situated in the 

polyhaline zone ; middle estuary (Temeuzen-Hansweert), also situated in the polyhaline 
zone; inner estuary (Hansweert-Bath), being the a-mesohaline zone; upper estuary (Bath- 
Lillo), being the ß-mesohaline zone (Figure 4).

•  four depth strata: the intertidal or littoral zone and three strata in the subtidal (undeep 2-5 
m beneath NAP; deep 5-8 m beneath NAP; channel > 8 m beneath NAP) (Figure 4).

• four sediment types: silt (< 63 /im); very fine sand (63-125 pm ); fine sand (125-250 pm); 
medium sand (250-500 pm ).

•  six current velocity classes:0-0.2, 0.2-0.4,0.4-0.6, 0.6-0.8, 0.8-1.0, > 1 m .s'1).
Comparisons among these environmental categories were examined with ANOVA on 

log-transformed data. For the analysis of the relations between environmental variables 
Spearman rank correlation was used. The general trends in diversity, density and biomass 
along the longitudinal (model salinity) and vertical (depth) gradients were examined with a 
Two-way ANOVA on log-transformed data.

R espon se cu rves
Relationships between species and quantitative environmental variables are generally 

non-linear. Therefore, Generalized Linear Models (GLMs) were proposed as a theoretical 
framework to model (non-linear) species response to several types of environmental data 
(N elder & W edderburn , 1972). The theory of GLMs has been well developed 
(M cCullagh & Nelder, 1989) and GLMs have been successfully applied in ecological 
research. Especially logistic regression, a specialised form of GLM for binary data, has been 
used in many studies, particularly in vegetation analysis (Huism an  et al., 1993; Lenihan , 
1993; van  de  R u t et al., 1996).

Logistic regression (Cox, 1970; Hosmer & Lemeshow , 1989; M cCullagh & 
N elder, 1989) was used to model the response of species occurrence to the abiotic 
environmental predictors. In the logistic regression model, a binary response variable is 
related to one or more predictor variables through the logistic function. Using the maximum 
likelihood estimates of the regression parameters, the probabilities of a given state of the 
response variable can be calculated for different levels of the predictor variables.

The choice of using presence (0) / absence (1) data as a first approach was inspired by 
the fact that the data could not be considered as homogeneously collected. Different sampling 
methods, different sampling months (seasonality) and years (long-term fluctuations) certainly 
affected the observed variation in density and biomass data. To minimise this variation 
presence/absence data were used. However; as many species were often found in very low 
densities, often only one individual, it was decided to treat densities < 50 ind m"2 and 
sampling occasions were only one individual was observed, as absences (0) for most species. 
Only for very large species (Arenicola marina) and species typically observed in very low 
densities (the predators Nephtys hombergii, Nepthys cirrosa)

The ‘presence-absence response curve’ of a species describes the probability p(x) that 
the species occurs as a function of an environmental variable x.

log (p(x)/ l-p(x)} = b0 + bjx + b2x2 = LP (1)

p(x) = {exp(LP)J / {1 + exp(LP)} (2)

10
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The logistic link means that the probability of a species occurring is a logistic, s- 
shaped function when the linear predictor is a first-order polynomial, but for higher 
polynomials the predicted probability function will be more complex and for second-order 
polynomials will approximate a bell-shaped function.

This model has the advantage that the dependent variable is bound between 0 and 1, 
and that it fits a bell-shaped response curve, which is an ecologically realistic response (ter 
Braak  & Lo o nm a n , 1986). The shape of the response model was in this study limited to a 
second order linear model, which at the original presence-absence scale corresponds to a 
unimodal symmetric curve (Jongman et al., 1987). Although skewed and more complex 
response curves can theoretically occur, they could not be fitted with the GLM approach. 
Generalized additive models (GAMs) were developed for this purpose but were not used in 
this study (e.g. Hastie  & T ibshirani, 1990; Y ee & Mitchell, 1991; Bio et al., 1998).
In this study, a response surface for 20 macrobenthic species was generated by stepwise 
logistic regression with the statistical package S AS (SAS Inst. Inc., 1985). In equations (1) 
and (2), the bo, b |, and b2 are the regression parameters. They were estimated using the 
maximum likelihood method, assuming binomially distributed errors. Consequently, the 
global model importance was tested using the -21nL statistic based on the X2-test (p<0.05) for 
the covariates compared with the intercept (a) only model. In the next step, the importance of 
the included model-variables was tested separately using the %2-test (p<0.05) on the Wald- 
statistic. Response curves were obtained for each single abiotic variable separately, and a 
multiple stepwise logistic regression was run with all abiotic variables together. Since 
sediment characteristics were only available for a limited set of data, this analysis was run 
separately with and without sediment data.

The resulting set of regression equations was validated internally. The predictive 
success of the response surfaces was evaluated by cross tabulating observed and predicted 
responses (2x2 contingency table). The threshold at which this evaluation was made was 
determined by choosing that p-level which corresponded with the actually observed ratio 
between absences and presences. At p-values below that threshold the species was predicted 
to be absent, whereas at p-values above that threshold the species was predicted to be present. 
Besides the overall percentage correctly predicted, we examined also the sensitivity (the 
proportion of presences that were predicted to be presences) and specificity (the proportion of 
absences that were predicted to be absences). A Fisher Exact Test was performed on the 
obtained 2x2 table. The Fisher Exact test calculates an exact probability value for the 
relationship between two dichotomous variables, as found in the two by two table. It 
calculates the difference between the data observed and the data expected, considering the 
given marginals and the assumptions of the model of independence. In other words, how 
likely is it to obtain cell frequencies as uneven or worse than the ones that were observed?

For some species also a visual, geographical comparison was made between the 
mapped probability surfaces to the species occurrence maps.

In order to examine the possibilities of validating the observed responses in a more 
robust way, the macrobenthos dataset on the Schelde estuary was randomly divided in two 
and as an example, a model was constructed for Cerastoderma edule based on one half of the 
dataset and validated on the other half.

Since this is not sufficient to prove the reliability of the derived set of equations to 
serve as a predictive model, an external validation was conducted, using data on the 
Oosterschelde. A description of these data and the detailed results on this external validation 
were put in a separate part of this report (part three) but the main results are discussed in this 
part.
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E c o p r o f il e s  f o r  2 0  m a c r o b e n t h ic  s p e c ie s  o f  t h e  S c h e l d e  e s t u a r y

Based on the macrobenthic database and the above described statistical methods, an 
ecoprofile for 20 macrobenthic species of the Schelde estuary was constructed. These species 
represent different types of distribution and are indicator species for the macrobenthic 
assemblages found in the Schelde estuary, contributing substantially to the total density and 
biomass observed.
Each profile consists of the following parts:
•  Introduction: short summary of the importance o f the species in the Schelde estuary
•  A uto-ecology: short literature review on the auto-ecology of the species, with focus on 

habitat preferences, feeding habits and population dynamics. This auto-ecology aimed not 
at a complete overview of all available literature on the species, but focused on the 
relevant literature for this study. Information on effects of pollution, ecotoxicology, etc. 
was not included in the auto-ecology.

•  Occurrence in  the  Schelde estuary: gives an overview for each species of the 
occurrence (presence/absence, abbreviated p/a), density and biomass in the Schelde estuary 
in relation to salinity and depth. Also the seasonal variation, presented as a spring versus 
autumn comparison, was made for each species. Geographical distribution maps 
(presence/absence and density/biomass) of each species in the Schelde estuary are also 
presented.

•  Response curves for a  single abiotic (explanato ry) variable: For each species a 
(stepwise) logistic regression model for binary (presence/absence) data was performed on 
the following abiotic variables:

• model salinity and temporal salinity: both were treated together and presented in 
one table and figure. Salinity was expressed as psu.

• depth: A positive sign was used to indicate depths below NAP, whereas a negative 
sign was used to indicate depths above NAP. However, to make all depth values 
positive (as we worked also with the quadratic term), +2.5 m NAP was added to 
each value and therefore the data are presented as m NAP + 2.5m. To know the real 
height +2.5m NAP should be subtracted.

• maximum ebb (maxeb) and flood (maxfl) current velocity: expressed as m .s'1; both 
were treated together and presented in one table and figure.

• median grain size and mud content: both were treated together and presented in one 
table and figure. As mud content was expressed as the volume percentage < 63 /im, 
the corresponding curve on the accompanying figure only relates to the 0-100 part 
of the x-axis, whereas median grain size is expressed as /im and the corresponding 
curve on the figure relates to the complete range of the x-axis.

For each abiotic variable the regression coefficients (+ standard error) are given,
together with the concordance, which gives an indication of the performance of the
model based on the association of predicted probabilities and observed responses.
Also the fitted response curve is presented in a figure. No legend is added to these
standard tables and figures, with the interpretation implied in the accompanying text.

•  M ultiple stepwise logistic regression: For each macrobenthic species a multiple 
stepwise logistic regression was run with all abiotic variables together. Since sediment 
characteristics were only available for a limited set of data, the analysis was ran separately 
with and without sediment data. The regression coefficients for both models are presented 
in a table, together with the concordance (see above). To evaluate the performance of the
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model, an internal validation was performed, giving comparative statistics on the predicted 
and observed occurrence of each species, together with a Fisher exact test (see above).

An ecoprofile was constructed for the following 20 macrobenthic species, presented in 
alphabetic order:

1. Arenicola marina
2. Bathyporeia spp.
3. Capitella capitata
4. Cerastoderma edule
5. Corophium arenarium
6. Corophium volutator
7. Eteone longa
8. Heteromastus filiformis
9. Hydrobia ulvae
10. Macoma balthica
11. Mya arenaria
12. Nephtys cirrosa
13. Nephtys hombergii
14. Nereis diversicolor
15. Nereis succinea
16. Polydora spp.
17. Pygospio elegans
18. Scrobicularia plana
19. Spio spp.
20. Tharyx marioni

The detailed ecoprofiles on each species are presented in part two of this report. In 
part one of the report the main results obtained are summarised, focusing mainly on the 
modelled response curves and the validation of these models.
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Table 1. Average, maximum and minimum salinity ( ± standard error) o f  the sampling 
occasions in each salinity region based on model calculations.

Salinity region 1 2 3 4

average 29.23 ± 1.36 23.96 ± 1.52 16.52 ±2.04 8.93 ± 1.41
max. 29.84 ± 1.28 24.43 ± 1.09 19.29 ± 1.39 13.89 ± 1.17
min. 29.12 ± 1.43 23.60 ± 1.61 15.59 ±2 .04 7.98 ± 1.49

N 722 959 956 475

Table 2. Mean ± Standard Error fo r  median grain size (pm), mud content (% < 63 pm), 
maximum ebb and flood current velocities (m/s) fo r  each depth stratum.

Median grain size Mud content Max ebb Mab flood
Depth stratum

1 (intertidal)
2 (undeep subtidal)
3 (deep subtidal)
4 (channel)

139.1 ±69.1  «=922 
192.9 ± 84.8 n=l73 
202.7 ± 87 .2  >i=l43
218.2 ± 91.9 n=264

22.9 ±23.1 n=888
13.5 ±21.6 n=l50 
14.0 ± 21.9 n=l 16
10.5 ± 18.4 n=232

0.42 ± 0.19 n=l48l 
0.74 ± 0.25 n=471 
0.83 ± 0.22 n=429 
0.97 ± 0.23 n=656

0.39 ± 0.23 n=1481 
0.79 ± 0.27 n=47/ 
0.88 ± 0.26 «=429 
1.00 ± 0.27 71=656

80

70

60

salinity region

Figure 5. M ean m ud content (%  ±  SD) o f  the sam pling occasions in the different sa lin tity  regions and  
depth stra ta  (salin ity regions 1&2: polyhaline zone; sa lin ity  regions 3& 4: m esohaline zone).
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Results

RESULTS

C h a r a c t e r is a t io n  o f  t h e  a b io t ic  e n v ir o n m e n t

Average model salinity, based on model calculations, varied between 5.7 and 31.6 for 
the whole study area. Salinity regions 1 and 2 belonged to the polyhaline zone, salinity 
regions 3 and 4 to the a - and ß-mesohaline zone respectively (Table 1, Figure 4). Based on 
temporal salinity region 2 could be considered as a poly-/mesohaline transition zone, whereas 
salinity region 4 could be considered as a meso-/oligohaline transition zone.

Although all sediments could be characterised as fine sands within each depth 
stratum, there is a significant difference between depth strata for median grain size (ANOVA, 
F=56.72; p<0.001) and mud content (ANOVA, F=53.02; pcO.OOl), with a clear trend of 
coarser sediments with less silt content from the intertidal to the deep subtidal and channel 
(Table 2), which is also demonstrated by the significant positive correlation between depth 
and median grain size (r= .54; pcO.Ol; n=1168) and the significant, but rather weak, negative 
correlation between depth and mud content (r= -.41; p<0.01; n=1058). This rather weak 
correlation could be explained by the fact that this trend was not consistent within each 
salinity region. In the polyhaline zone (salinity regions 1 and 2) and the cc-mesohaline zone 
(salinity region 3) mud content was significantly higher in the intertidal zone as compared to 
the subtidal zone, but overall means were relatively low. In comparison, in the ß-mesohaline 
zone (salinity region 4), much higher mud contents were observed in all depth strata, but here 
differences between depth strata were relatively small, with only a weak trend towards coarser 
sediments with increasing depth.

Significantly higher current velocities, both under ebb and flood conditions, were 
observed in the subtidal strata as compared to the intertidal zone (ANOVA, F=1165.8 (ebb) 
and F=1129.9 (flood), pcO.OOl), which was also demonstrated by the highly significant 
correlation between depth and maximal ebb current velocities (r=.76; pcO.Ol; n=2559) and 
maximal flood current velocities (r=.73; pcO.Ol; n=2559). This pattern is consistent within 
each salinity region.

Finally a significant, but rather weak, correlation was observed between current 
velocities and median grain size (r=.44; pcO.Ol; n=1455) and mud content (r=-0.38; pcO.Ol; 
n=1340) respectively, indicating coarser sediments with lower mud contents with higher 
current velocities.
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Figure 6. Mean num ber o f  species, mean density  and m ean biom ass o bserved  along the longitudinal 
(salinity> regions) and vertical grad ien t (depth stra ta ) in the Schelde estuary (salin ity  regions 1&2: 
polyhaline zone; salin ity  regions 3& 4: m esohaline zone).
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Results

G e n e r a l  c h a r a c t e r is t ic s  o f  m a c r o b e n t h o s

Macrofauna diversity (number of species, NO) at a single sampling occasion varied 
between 0 and 25 species. At 202 sampling occasions (6.5 %) no macrobenthic animals were 
found. Most sampling occasions (51 %) had less then 5 species and at 28 % of the sampling 
occasions between 5 and 10 species were observed. The most common species was 
Heteromastus filiformis, observed in 58% of the sampling occasions, followed by Macoma 
balthica (41%), Pygospio elegans (36%), Bathyporeia spp. (30%), Nereis diversicolor (26%) 
and Hydrobia ulvae (25%). Other species were observed in less than 20 % of the occasions.

Total density varied between 0 and 225,568 ind m"2. At about half the sampling 
occasions a density less then 1000 ind m-2 was observed and at about one third a density 
between 1000 and 10,000 ind m 2 was observed. The three most abundant macrofauna taxa in 
the Schelde estuary were Polychaeta, Mollusca and Crustacea.

Total biomass varied between 0 and 466.5 g AFDW m-2. At about half the sampling 
occasions a biomass less then lg  AFDW m-2 was observed and at about one third a biomass 
between 1 and 10 g AFDW m-2 was observed.

G e n e r a l  t r e n d s  a l o n g  l o n g it u d in a l  (s a u n i t y )  a n d  v e r t ic a l  (d e p t h )  g r a d ie n t s

The average number of species (NO) observed per sampling occasion was 
significantly different between the salinity regions (Two-way ANOVA, F=15.5; p<0.0001) 
and the depth strata (Two-way ANOVA, F=499; pcO.0001), with also a significant interaction 
term salinity*depth (Two-way ANOVA, F=14; p<0.001). A clear decrease in the number of 
species from the polyhaline zone towards the mesohaline zone was observed and a 
significantly higher number of species (per sampling occasion) in the intertidal zone as 
compared to the subtidal zone (ANOVA, F=532; pcO.0001) (Figure 6); in the subtidal zone 
the average number of species observed per sampling occasion was more or less similar 
within each salinity region and within each depth stratum. However, the total number of 
species observed was higher in the subtidal zone as compared to the intertidal zone.

Macrofauna total density was similar between salinity regions, but showed a 
significant difference with depth (Two-way ANOVA, F=554; p<0.0001), with a higher 
density for the intertidal zone as compared to the subtidal strata (Figure 6). In the intertidal 
zone, density of the macrobenthos was in all salinity regions dominated by surface deposit 
feeders and deposit feeders (Figure 7). Suspension feeders only appeared in low densities in 
the polyhaline zone and were nearly absent in the mesohaline zone. Omnivore/predator 
densities were low in the salinity regions 1-3, but their relative importance increased in 
salinity region 4.

Macrofauna total biomass showed both a significant difference between salinity 
regions (Two-way ANOVA, F=18.63; p<0.0001) and depth strata (Two-way ANOVA,
F=413; p<0.0001), with also a significant interaction term salinity*depth (Two-way ANOVA, 
F=7; p<0.001). Highest biomass values were observed in the highest salinity regions 
(polyhaline zone) and the intertidal zone (Figure 6). Within the subtidal strata, no significant 
difference was observed. In the intertidal zone, clear gradients in biomass dominance of the 
different feeding guilds was observed. Suspension feeders dominated in the polyhaline zone 
(salinity regions 1 and 2) and showed a clear decrease with decreasing salinity. 
Omnivores/predators biomass showed an opposite trend, with an increasing dominance 
towards the mesohaline zone; in salinity region 4 omnivores/predators were the dominant
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group. Salinity region 3 acted as an intermediate region with surface deposit and deposit 
feeders dominating the biomass (Figure 7).
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Figure 8. R elative dom inance (den sity  an d  biom ass) o f  the m ost im portant m acrobenthic species in 
the litto ra l zone o f  each  sa lin ity  region  (salin ity  regions 1&2: po lyh a lin e  zone; sa lin ity  regions 3& 4: 
m esohaline zone).
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Results

R e l a t iv e  d o m in a n c e  (d e n s it y  a n d  b io m a s s )  o f  m a c r o b e n t h ic  s p e c ie s  i n  t h e  l it t o r a l

ZONE

The relative dominance (density and biomass) of the most important macrobenthic 
species in the littoral zone of each salinity region is given in Figure 8. In Appendix 1 the 
mean density and biomass (± standard deviation), together with the observed minima and 
maxima for the most common species (58 species) are given for each salinity region 
separately.

Density
Polychaetes, especially Pygospio elegans and Heteromastus filiformis, had the largest 

contribution to the observed density. This was expecially the case in the middle part of the 
estuary (salinity regions 2 and 3). Only in the ß-mesohaline zone (salinity region 4) density 
was not dominated by polychaetes, but by the amphipod Corophium volutator and 
Oligochaeta. Oligochaeta had also a relatively large contribution to the macrobenthic density 
in salinity region 1, whereas in the middle of the estuary (salinity regions 2 and 3) 
Oligochaeta were of no importance. Molluscs (bivalves) had only a very small contribution to 
the total macrobenthic density in the Schelde estuary.

Biomass
The contribution of bivalves to the overall macrobenthic biomass was much higher, 

being in the polyhaline zone of the estuary (salinity region 1 and 2) the dominant constituent. 
Here, especially the filter feeder Cerastoderma edule, with 48% and 30% of the total biomass 
in salinity region 1 and 2 respectively, dominates, but also the deposit feeders Macoma 
balthica and Scrobicularia plana had a relatively large contribution to the overall biomass. In 
the polyhaline zone the most important polychaete was the deposit feeder Heteromastus 
filiformis and to a lesser extent Arenicola marina.

In the mesohaline zone of the estuary a clear difference was observed between the a- 
mesohaline zone (salinity region 3) and the ß-mesohaline zone (salinity region 4). In the a- 
mesohaline zone the deposit feeder Heteromastus filiformis dominated the biomass with 31%, 
followed by the deposit feeding mollusc species Macoma balthica and Scrobicularia plana 
and the omnivore polychaete Nereis diversicolor. This last species dominated by far the 
macrobenthic biomass in the ß-mesohaline zone with 53%, followed by Heteromastus 
filiformis and the surface deposit feeding amphipod Corophium volutator. Except for salinity 
region 4, crustaceans had only a very small contribution to the total macrobenthic biomass in 
the Schelde estuary.
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Figure 9. P robab ility  o f  occurrence o f te n  m acrobenthic species in relation  to  salin ity  ( tem poral 
salin ity) and depth  in the Schelde estuary, as f i t te d  with log istic  regression  (p =  species pro b a b ility  o f  
occurrence (p/a)).
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Results

E c o p r o f i l e s  o f  20 m a c r o b e n th ic  s p e c ie s

In Part Two of this report a detailed ecoprofile for 20 macrobenthic species of the 
Schelde estuary is presented. Here a short summary is given on the obtained results, 
especially towards the modelled response curves and the validation of these models.

Response curves for a single abiotic (explanatory) variable

As an example of the obtained response curves for a single abiotic variable, Figures 9 and 
10 show the fitted Gaussian logit curves for ten contrasting macrobenthic species in relation 
to temporal salinity, depth, maximum ebb current velocity and median grain size.

Temporal salinity
The response curves in relation to temporal salinity clearly showed different responses 

(Figure 9). Species like Corophium volutator and to a lesser extent also Nereis diversicolor 
showed a high probability of occurrence at low salinities. For Corophium volutator a steep 
decrease of the curve was observed with increasing salinities, indicating a very low 
probability of occurrence at high salinities, whereas for Nereis diversicolor the decrease in the 
curve was much smoother, indicating that also at higher salinities Nereis diversicolor could 
be observed.

Bathyporeia spp. showed a bell-shaped curve with an optimum at intermediate 
salinities. Both at the lower end as at the upper end of the salinity range the probability of 
occurrence of this species decreased.

Several species, like e.g. Cerastoderma edule. Tharyx marioni, Arenicola marina and 
Nephtys cirrosa, showed a clear optimum towards the higher end of the salinity range, 
indicating a higher probability of occurrence at high salinities. These species differed in the 
position of their optimum, and in their tolerance towards the lower end of the salinity range.

Macoma balthica showed an almost horizontal curve, indicating a very broad 
tolerance for salinity. This coincides with the observed distribution of M. balthica, being 
present along the complete salinity gradient. Another species showing a broad tolerance for 
salinity was Heteromastus filiformis, as could be observed from the very broad bell-shaped 
curve. Only at very low salinities, and to a lesser extent also at high salinities, the probability 
of occurrence decreased.

The obtained responses on salinity were in general agreement with the descriptive 
statistics on the occurrence of the different species along the different salinity regions and 
with the descriptions in the literature.

In general ‘model salinity’ gave similar results as ‘temporal salinity’. However, for 
most species with an optimum towards the higher end of the salinity range, the ‘temporal 
salinity’ model showed a more narrow tolerance with an optimum which shifted towards a 
higher salinity as compared to the ‘model salinity’ model. The ‘model salinity’ model 
showed a much broader response curve, extending more into the mesohaline zone. This 
difference in response was probably the result of the fact that the ‘temporal salinity’ model 
did take into account the seasonal variation in salinity. The fact that several species were 
more present in autumn in the mesohaline zone, when in general higher salinities were 
observed, resulted in this shift in response towards a higher salinity. The fact that much more 
observations were available for autumn in the ß-mesohaline zone as compared to spring, 
might also have influenced this shift. Therefore it is clear that both salinity measures are 
useful for the purpose of modelling, the model salinity giving a good idea of spatial variation, 
the temporal salinity giving a good idea of the temporal (seasonal) variation.
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Figure 10. P robability  o f  occurrence o f te n  m acrobenthic species in relation  to maximum ebb current 
velocity  and m edian grain size  in the Schelde estuary, as f i t te d  with log istic  regression  (p =  species  
p ro bab ility  o f  occurrence (p/a)).
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Depth
The response curves in relation to depth showed for most macrobenthic species (e.g. 

Nereis diversicolor, Corophium volutator, Cerastoderma edule) similar curves, with high 
probabilities of occurrence above NAP (intertidal zone), and decreasing probabilities of 
occurrence with increasing depth (Figure 9). This coincides with the field observations, with 
most species having their highest occurrence in the intertidal zone. These species differed in 
their tolerance towards the deeper end of the depth range. Heteromastus filiformis, for 
instance, showed a relatively high tolerance with still a relatively high probability of 
occurrence in the subtidal zone.

Bathyporeia spp. showed only a slightly higher probability of occurrence in the 
intertidal zone, indicating a very broad depth tolerance.

The only species showing an optimum in the subtidal zone of the estuary was Nephtys 
cirrosa.

The obtained responses on salinity were in general agreement with the descriptive 
statistics on the occurrence of the different species along the different salinity regions and 
with the descriptions in the literature.

Maximum ebb current velocity
The response curves in relation to maximum ebb current velocity clearly showed 

different responses (Figure 10). Species like Corophium volutator and Nereis diversicolor 
showed the highest probabilities of occurrence at the lowest current velocities, with a more or 
less linear decrease in probability o f occurrence with increasing current velocities.

Other species like Macoma balthica and Pygospio elegans showed a broad tolerance 
in the range 0-0,5 m.s ', after which a steep, linear decline was observed in the probability of 
occurrence with increasing current velocities. This broad tolerance was even more 
pronounced for Heteromastus filiformis, having only low probabilities of occurrence at the 
highest current velocities. Bathyporeia spp. on the other hand showed an almost horizontal 
curve, indicating that current velocity is not a good discriminator for this species.

Several species showed a unimodal, bell-shaped curve with a clear optimum (e.g. 
Cerastoderma edule, Arenicola marina).

Nephtys cirrosa was the only species showing an optimum towards the higher end of 
the current velocity range.

Median grain size
The response curves in relation to median grain size clearly showed different 

responses for the different macrobenthic species (Figure 10). Nereis diversicolor showed a 
highest probability of occurrence in very muddy sediments with a low median grain size, with 
a linear and steep decrease in the probability of occurrence with increasing median grain size. 
The same pattern was observed for Corophium volutator, but showing a broader tolerance. 
This tolerance was even more pronounced for Macoma balthica and Heteromastus filiformis.

Several species showed a bell-shaped curve with an optimum between 100-150 pm  
(e.g. Cerastoderma edule, Arenicola marina, Corophium arenarium). This optimum shifted 
even more towards a higher median grain size (± 225 pm) for Bathyporeia spp.

Nephtys cirrosa was the only species showing an optimum towards the higher end of 
the median grain size range, having its highest probability of occurrence in coarse sediments 
with a high median grain size.
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Multiple logistic regression

For each macrobenthic species a multiple stepwise logistic regression was run with all 
abiotic variables together. Since sediment characteristics were only available for a limited set 
o f  data, the analysis was run separately with and without sediment data.

Table 3 summarizes the number o f times an explanatory abiotic variable (both the 
linear as the quadratic term) was included in the 20 regression models. For the models 
without sediment characteristics, model salinity and depth (both linear and quadratic term) 
were most included as explanatory variable, followed by maximum ebb current velocity (both 
linear and quadratic term). For the models with sediment characteristics temporal salinity, 
model salinity and depth (both the linear and the quadratic term), together with the linear 
term of maximum flood current velocity and the linear term o f median grain size, were most 
included as explanatory variable. Mud content was only included a few times as explanatory 
variable in the models.

Table 3. N um ber o f  tim es an explanatory ab io tic  variable (both the lin ear as the quadratic term) was 
in clu ded  within a  m ultiple stepw ise log istic  regression  m odel f o r  2 0  m acrobenthic species o f  the 
Schelde estuary.

Model without sediment characteristics Model with sediment characteristics

Explanatory variable # included in the model Explanatory variable # included in the model

Temporal salinity 9 Temporal salinity 13
Temporal salinity2 10 Temporal salinity2 12
Model salinity 16 Model salinity 12
Model salinity2 15 Model salinity2 10
Depth 14 Depth 11
Depth2 14 Depth2 11
Maxeb 12 Maxeb 8
Maxeb2 13 Maxeb2 7
Maxfl 10 Maxfl 13
Maxfl2 9 Maxfl2 6

Median 12
Median2 9
Mud 6
Mud2 4

24



Results

Validation of the multiple regression models

In order to evaluate the regression models, different validation approaches were 
applied:

1. The resulting set of regression equations was validated internally. The predictive success 
of the response surfaces was evaluated by cross tabulating observed and predicted 
responses. As an example, for two species also a visual, geographical comparison was 
made between the mapped probability surfaces to the species occurrence maps.

2. In order to examine the possibilities of validating the observed responses in a more robust 
way, the macrobenthos dataset on the Schelde estuary was randomly divided in two and as 
an example, a model was constructed for Cerastoderma edule based on one half of the 
dataset and validated on the other half.

3. Since this is not sufficient to prove the reliability of the derived set of equations to serve as 
a predictive model, applicable in other estuarine or coastal areas, an external validation on 
an other area was conducted, using data on the Oosterschelde. A description of these data 
and the detailed results on this external validation were put in a separate part of this report 
(part three) but the main results are discussed in this part.

These three different approaches are summarized below.

1. Internal validation

Table 4 summarizes some of the comparative statistics on the predicted and actual 
observed occurrence of the 20 macrobenthic species. The overall prediction, including both 
the prediction of the presences and absences, performed for all species very well. But within 
the framework of predicting macrobenthic occurrence, the interest was of course more 
towards how well the model predicts presences. When focusing on the % predicted present 
versus actually observed in the field, a more shaded picture was obtained. For the common 
species like Corophium volutator, Heteromastus filiformis, Hydrobia ulvae, Macoma 
balthica, Nereis diversicolor and Pygospio elegans a very good ratio of predicted presences 
vs observed presences was obtained. Moderate to good ratios were obtained for Arenicola 
marina, Bathyporeia spec, Cerastoderma edule, Nephtys cirrosa, Polydora spp., 
Scrobicularia plana, Spio spp. and Tharyx marioni. Worst performance was found for 
Capitella capitata.

In general the ratio improved when including sediment characteristics in the models. 
This was the case for 14 macrobenthic species out of 20. For Bathyporeia spp., Heteromastus 
filiformis, Macoma balthica, Nephtys cirrosa, Nereis succinea, Polydora spp., Spio spp. and 
Tharyx marioni this ratio even improved with more then 10 %.

The visual, geographical comparison between the mapped probability surfaces to the 
species occurrence maps for both Corophium volutator and Macoma balthica (probability 
threshold 0.25) showed a good geographical representation of the predictions. Predicted 
presences and observed absences, were not put in a random way, but they were mainly 
situated in the intertidal zone, which corresponded with the habitat preferences of the 
considered species (Figure 11). It was striking to see that fo r  Macoma balthica a lot of the 
predicted presences, but observed absences, were situated near the edges of the tidal sand and 
mud flats.
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Corophium volutator 
threshold 0.25

«absent, not predicte<B222) 
opresent, not predicted (99) 
•absen t but predicted (211) 
•present an d  predicted295) 
•all others (285)

Macoma balthica
threshold 0.25

•absent, not predlcte<J1532) 
opresent. not predicted (53) 
•absent but predicted (475) 
•present and  predlcteaJ767) 
•all others (285)

Figure 11. Visual, geograph ica l com parison betw een  the m apped  p ro b ab ility  surfaces to  the species  
occurrence m aps f o r  Corophium  volu ta tor and M acom a balth ica (probab ility  threshold 0.25).
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Table 4. Comparative statistics on the predicted and actual observed occurrence o f the 20 
macrobenthic species. The predictive success o f the response surfaces was evaluated by cross 
tabulating observed and predicted responses (2x2 contingency table). The threshold at which this 
evaluation was made was determined by choosing that p-level which corresponded with the actually 
observed ratio between absences and presences. At p-values below that threshold the species was 
predicted to be absent, whereas at p-values above that threshold the species was predicted to be 
present. Besides the overall percentage correctly predicted, also the sensitivity (the proportion of 
presences that were predicted to be presences) is given.

Model without sediment characteristics Model with sediment characteristics

% correctly Sensitivity % correctly Sensitivity
predicted___________________________ predicted___________________

Aren mari 89,5 44,6 86,9 50,6
Bath spp. 78,1 46,8 80,8 62,5
Capi capi 80,9 20,1 81,6 29,6
Cera edul 90,0 59,9 87,5 65,1
Coro aren 93,1 33,3 92,8 25,0
Coro volu 90,2 64,7 82,3 56,3
Eteo long 87,5 41,5 82,4 41,1
Hete fili IS,2 69,9 81,4 82,5
Hydr ulva 88,3 67,9 85,6 72,7
Maco bait 85,5 75,0 87,3 85,4
Mya aren 90,7 40,6 84,4 40,1
Neph cirr 84,0 33,3 91,8 48,0
Neph homb 88,5 34,2 92,2 34,5
Nere dive 88,3 75,0 75,9 65,6
Nere succ 88,1 41,7 79,4 60,3
Poly spec 88,3 34,0 88,1 50,3
Pygo eleg 85,6 75,7 79,7 71,1
Scro plan 92,6 44,1 92,0 51,9
Spio spec 83,2 38,9 89,8 60,9
Thar mari 89,5 52,1 91,3 68,0

2. External validation within the Schelde estuary

In order to examine the possibilities of validating the observed responses in a more 
robust way, the macrobenthos dataset on the Schelde estuary was randomly divided in two 
equal subsets and as an example, a model was constructed for Cerastoderma edule based on 
one half of the dataset and validated on the other half. Based on the same variables as derived 
from the logistic model with all data, a full model selection method was performed on the two 
subsets. The regression coefficients from subset 1 were used to predict the presence/absence 
in subset 2.

Table 5 summarizes the comparative statistics on the predicted (based on subset 1) 
and actual observed (based on subset 2) occurrence of C. edule. The results were comparable 
with the internal validation, indicating that reliable predictions can be made within the 
Schelde estuary.
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Table 5. Comparative statistics on the predicted, based on subset 1, and observed, based on subset 2, 
occurrence o f C. edule in the Schelde estuary (regression model without sediment characteristics). 
(Po = Present observed; Ao = Absent observed; Pm = Present predicted by the model; Am = Absent 
predicted by the model).

C. edule
(without sed im ent characteristics)

R esp o n se Model %
O bserved Pm Am Total correct

Po 115 79 194 59 ,3
Ao 79 1150 1229 93 ,6

Total 194 1229 1423 86 ,4

3. External validation in an other coastal area (Oostersehelde)

Since this is not sufficient to prove the reliability of the derived set of equations to serve 
as a predictive model, applicable in other estuarine or coastal areas, an external validation on 
an other area was conducted, using data on the Oosterschelde. A description of these data and 
the detailed results on this external validation were put in a separate part of this report (part 
three) but the main results are discussed in this part.

Table 6 summarizes some of the comparative statistics on the predicted (based on 
Schelde estuary models) and actual observed occurrence of ten macrobenthic species in the 
Oosterschelde. The overall prediction, including both the prediction of the presences and 
absences, performed for most species very well and also for the % predicted present versus 
actually observed in the field, only slightly lower estimates were obtained as for the internal 
validation (see Table 4). For Arenicola marina even a better ratio was obtained in the 
Oosterschelde. For some species, like e.g. Heteromastus filiformis, a rather low ratio was 
obtained in comparison to the internal validation.

Although the Oosterschelde can be considered as a different system, being more a 
‘coastal basin’ than a ‘true estuary’, the regression models from the Schelde estuary seem to 
be applicable in the Oosterschelde.

Table 6. Comparative statistics on the predicted (based on Schelde estuary regression models) and 
actual observed occurrence o f ten macrobenthic species in the Oosterschelde.

Model without sediment characteristics 
% Predicted % Predicted correct vs 

correct observed
Aren mari 84,0 68,3
Cera edul 77,3 57,1
Eteo long 85,0 43,3
Hete fili 72,0 32,0
Hydr ulva 81,6 55,5
Maco bait 77,1 46,5
Neph homb 57,3 59,3
Nere dive 99,2 95,5
Pygo eleg 76,1 62,4
Thar mari 56,0 41,9
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C o n c l u s i o n s  a n d  S u m m a r y

Macrobenthos is a central element of estuarine foodwebs. Therefore, evaluation of the 
consequences of human induced changes will likely include the possible responses of the 
macrobenthos and the analysis of benthic infauna is a key element of many marine and 
estuarine monitoring programmes. The starting point is that macrofaunal species distributions 
reflect the present state of the estuarine ecosystem. Human impact on estuaries will affect the 
ability of these ecosystems to support macrofaunal occurrence (in terms of diversity, density 
or biomass). In order to be able to manage estuaries in a proper way, decision makers should 
be able to make sound predictions on the effects of human interventions on estuarine 
ecosystems. Knowledge on the (statistical) responses of individual macrobenthic species to 
estuarine gradients, represented by environmental variables that are essential factors for their 
occurrence (presence/absence, density or biomass), is essential for the purpose of predictive 
modelling. However, large datasets are needed for such an approach. No attempts have been 
made so far to model the responses of individual macrobenthic species to environmental 
variables on a large, e.g. estuarine, scale and use these models to predict the distribution and 
occurrence of macrobenthos. The aim of this study was to construct such a response model 
for several macrobenthic species, in order to be able to predict the occurrence of 
macrobenthos in the Schelde estuary and eventually in other estuaries. In our approach 
physicochemical factors are used as predictors for the occurrence of macrobenthic species on 
the estuarine macro-scale.

In the Schelde estuary large efforts have been put in research and monitoring on 
macrobenthos. This probably makes it one of the most extensively studied estuaries in the 
world. In this study, a compilation of all available macrobenthos data for the period 1979- 
1997 was made. A large macrobenthos database, containing 3112 records, was constructed 
and coupled with a database on abiotic variables. Abiotic variables included were salinity 
(based both on model calculations ( ‘model salinity’) as field observations ( ‘temporal 
salinity’)), depth/height of the sampling location, maximum ebb and flood current velocities 
(based on model calculations), and the sediment characteristics median grain size and mud 
content (only available for about half the sampling records).

Based on this large dataset, a general description of the macrobenthos of the Schelde 
estuary was made, focusing on the general distribution patterns of occurrence, density, and 
biomass of the macrobenthos along the different environmental gradients.

Detailed ecoprofiles for 20 macrobenthic species were constructed. These 
species represent different types of distribution and are indicator species for the macrobenthic 
assemblages found in the Schelde estuary, contributing substantially to the total density and 
biomass observed.

For these 20 macrobenthic species ‘response curve’ models were constructed by 
means of logistic regression on binary (presence/absence) data. In the logistic regression 
model, a binary response variable is related to one or more predictor variables through the 
logistic function. Both response curves for a single explanatory abiotic variable, as for all 
abiotic together, were constructed based on multiple, stepwise logistic regression. Since 
sediment characteristics were only available for a limited set of data, the analysis was run 
separately with and without sediment data.

The obtained response curves for single explanatory abiotic variables clearly showed 
different responses for the different species. The obtained responses were in general 
agreement with the descriptive statistics on the occurrence of the different species along the 
different environmental gradients in the Schelde estuary and with the descriptions in the 
literature.
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In the regression models with all abiotic variables together, salinity and depth were 
most included as explanatory variable. Also maximum current velocities and median grain 
size were often included as explanatory variable into the models. It could therefore be 
concluded that all abiotic variables (salinity, depth, current velocities and sediment 
characteristics) contributed to the performance of the model.

In order to evaluate the regression models, different validation approaches were 
applied. Firstly, the resulting set of regression equations was validated internally. The 
predictive success of the response surfaces was evaluated by cross tabulating observed and 
predicted responses. The overall prediction, including both the prediction of the presences 
and absences, performed for all species very well. But within the framework of predicting 
macrobenthic occurrence, the interest was of course more towards how well the model 
predicted presences. When focusing on the % predicted present versus actually observed in 
the field, a more shaded picture was obtained, but with still a good to very good performance 
for several species. Also the geographical comparison between the mapped probability 
surfaces to the species occurrence maps, as demonstrated by Corophium volutator and 
Macoma balthica, revealed a good performance of the models, not putting predicted presences, 
but observed absences, in a random way, but rather corresponding to the habitat preference of the 
species. Secondly, an external validation, based on a regression model, constructed for 
Cerastoderma edule based on one half of the dataset and validated on the other half, revealed 
similar performances as the internal validation. Finally, since the above mentioned 
validations were not sufficient to prove the reliability of the derived set of equations to serve 
as a predictive model, applicable in other estuarine or coastal areas, an external validation on 
an other area was conducted, using data on the Oosterschelde. In general, only slightly lower 
estimates of predictive success were obtained as for the internal validation, indicating that the 
regression models for several macrobenthic species from the Schelde estuary were applicable 
in the Oosterschelde.

It can be concluded that with the presented models the occurrence of several 
macrobenthic species can be predicted very well, both within the Schelde estuary as in 
another coastal area (the Oosterschelde).

Despite the relatively good performance of most of the models, still a substantial part 
was not predicted right. Several drawbacks could be made on our approach. Firstly, there is 
the problem of accuracy of the selected abiotic variables. Model calculations for salinity and 
current velocities have the advantage that they cover the whole estuary, making it relatively 
easy to couple with sampling locations. A disadvantage is the relatively large grid cells with 
which these models operate. For salinity a grid of 400 m is no problem, but the grid of 100 m 
used for determining the current velocities could give less reliable results for certain 
sampling locations where current speeds can change over very short distances. This is 
especially the case with the edges of the sand and mud flats, where the transition is made 
towards the subtidal zone. Not surprisingly it was at these edges of sand and mud flats that 
the model often predicted Macoma balthica to be present, whereas it was actually observed 
as being absent.

Secondly, it was assumed that the included abiotic variables, used in the model to 
describe the spatial occurrence of macrobenthic species, are the only deterministic factors. 
This is of course not true. One of the important parameters not included in the model is the 
food availability for the macrobenthos. Food availability is not only a matter of local concern 
(e.g. available detritus in the sediment), but for suspension feeders also depends on the 
overall system primary production of the phytoplankton. Occurrence of e.g. the suspension 
feeder Cerastoderma edule might be hampered because of marginal food conditions (low 
phytoplankton primary production), even if the ‘habitat’ was demonstrated as being suitable
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by the model. It is possible, however, that the effect of these factors shows up in the fitted 
parameters for other variables. Phytoplankton primary production, e.g., is decreasing from the 
mouth to the inner estuary (K r o m k a m p  et al., 1995) and thus could be confounded with 
salinity.

Also biotic interactions were not taken into account in our approach. However, the 
presence of a certain species might influence, or even completely hamper, the presence of 
another species, despite the ‘habitat’ is suitable for that species. Also for these factors it is 
possible that the effect (partially) shows up in the fitted parameters for other variables. 
Predation effects could show up in depth, and interspecific competition, as far as it is 
mediated through changes in sediment structure (e.g. Arenicola marina bioturbation keeping 
the sediment sandy and mobile, F l a c h , 1993) could be hidden in sediment granulometry. As 
biotic interactions are very well documented for several species in the literature, it might be 
useful to look for possible effects on the model performance in our study.

Extreme events were also not taken into account in our approach, as there are e.g. 
severe winters or storms. The role of these episodic events should be studied in more detail, 
as they can have dramatic influences on the occurrence of macrobenthos, which might work 
on for a long period after the event itself took place.

Another drawback of our approach is that only presence/absence is dealt with, with no 
information on density or biomass included. The choice of using presence(0)/absence(l) data 
as a first approach was inspired by the fact that the data could not be considered as 
homogeneously collected. Different sampling methods, different sampling months 
(seasonality) and years (long-term fluctuations) certainly affected the observed variation in 
density and biomass data. To minimise this variation presence/absence data were used. 
However, it should be very useful if e.g. predictions could be made based on the same 
approach of logistic regression, but now for different density or biomass classes. A first 
attempt on Macoma balthica biomass, divided into two classes, gave relatively good 
prediction estimates for both biomass classes. This approach could further refine the 
regression models.

The logistic response curves for four benthic species were also applied in the 
Ecomorphological Module from Delft Hydraulics (work by M. Baptist) to obtain a spatial 
coverage of the benthic distribution in the Westerschelde. The Ecomorphological Module 
computes the morphological development of the Westerschelde on a long time scale and 
subsequently calculates the suitability of the habitats of benthic species. This module can for 
instance be used for an evaluation and analysis of morphological, hydrodynamic and 
ecological changes under different dredging scenario’s, and this might support decision
makers to optimise the dredging operation with respect to ecological damage. For more 
details on this we refer to the work performed by M. Baptist at Delft Hydraulics.
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Macrobenthos Schelde estuary

A P P E N D IX  1

Mean density and biomass (± standard deviation), minimum and maximum, per salinity 
region (littoral zone only) for the most common macrobenthic species (58 species) observed

in the Schelde estuary

36



Macrobenthos Schelde estuary

SALINITY REGION 1 - LITTORAL ZONE
Density Biomass

Valid N Mean Min. Max. Std.Dev. Valid N Mean Min. Max. Std.Dev.
ABRAALBA 262 3.79 0 337 27.45 258 0.0074 0 1.2054 0.0808
ABRATENU 262 12,32 0 2067 129,89 258 0,0154 0 1,8323 0,1241
ACTINIAR 262 0 0 0 0 258 0 0 0 0
ANAIMUCO 262 18,17 0 1730 120,57 258 0,0196 0 1,9389 0,1383
ANGUTENU 262 3,00 0 135 15,39 258 0,0084 0 0,4695 0,0517
ARENMARI 262 10,46 0 133 21,18 258 1,2557 0 21,4075 3,1674
BATHSPEC 262 269,87 0 8000 1053,13 258 0,0484 0 1,5377 0,1515
BOCCREDE 262 0 0 0 0 258 0 0 0 0
CAPICAPI 262 71,37 0 1590 212,14 258 0,0103 0 0,4292 0,0352
CARCMAEN 262 14,99 0 741 70,76 258 0,063 0 3,5533 0,3337
CERAEDUL 262 398,47 0 7448 908,30 262 13,24 0 340,1589 35,4113
COROAREN 262 375,88 0 22867 2176,41 258 0,0754 0 3,8133 0,4120
COROINSI 262 0 0 0 0 258 0 0 0 0
COROLACU 262 0 0 0 0 258 0 0 0 0
COROVOLU 262 22,58 0 1273 128,98 258 0,0059 0 0,3925 0,0341
CRANCRAN 262 21,03 0 606 65,06 258 0,0191 0 0,4800 0,0608
CYATCARI 262 0 0 0 0 258 0 0 0 0
ENSISPEC 262 27,79 0 6733 416,27 258 0,0132 0 2,4133 0,1583
ETEOLONG 262 216,94 0 5118 510,86 258 0,2365 0 7,9731 0,8511
EURYPULC 262 13,05 0 1010 88,15 258 0,0038 0 0,4500 0,0319
GAMMSALI 262 0 0 0 0 258 0 0 0 0
GAMMSPEC 262 0,32 0 67 4,23 258 2E-05 0 0,0048 0,0003
GASTSPIN 262 0,77 0 67 7,13 258 0,0006 0 0,1414 0,0088
HARMSPEC 262 0,80 0 67 7,15 258 0,0001 0 0,0246 0,0015
HAUSAREN 262 1.17 0 157 11,32 258 0,0021 0 0,2649 0,0225
HETEFILI 262 1774,91 0 27000 3869,15 258 3,2541 0 43,2793 5,8646
HYDRULVA 262 275,90 0 8700 847,31 258 0,1282 0 3,7000 0,3891
LANICONC 262 19,76 0 1145 113,77 258 0,1257 0 7,6824 0,8089
MACOBALT 262 673,89 0 14680 1639,17 258 2,7054 0 17,2193 3,6707
MAGEPAPI 262 2,03 0 200 14,88 258 0,0022 0 0,2905 0,0197
MANAAEST 262 2,57 0 674 41,64 258 3E-05 0 0,0090 0,0006
MESOSLAB 262 0 0 0 0 258 0 0 0 0
MICRSPEC 262 1,25 0 135 10,75 258 0,0001 0 0,0135 0,0012
MYA AREN 262 5,41 0 180 20,43 258 0,034 0 3,4818 0,2446
MYSEBIDE 262 20,51 0 733 78,38 258 0,0092 0 0,3719 0,0345
MYSIDACE 262 0,25 0 67 4,12 258 5E-05 0 0,0125 0,0008
MYTIEDUL 262 2,13 0 200 15,21 258 0,0001 0 0,0093 0,0008
NEMERTEA 262 17,30 0 380 54,18 258 0,0208 0 0,8893 0,0898
NEOMINTE 262 0 0 0 0 258 0 0 0 0
NEPHCAEC 262 0,57 0 84 6,60 258 0,0012 0 0,2352 0,0152
NEPHCIRR 262 6,35 0 333 28,62 258 0,0224 0 0,9600 0,1029
NEPHHOMB 262 21,77 0 252 38,32 258 0,2241 0 5,2469 0,5808
NEREDIVE 262 250,24 0 4400 553,84 258 1,2445 0 19,0808 2,4994
NERESUCC 262 14,90 0 1190 92,95 258 0,0324 0 2,3023 0,2010
OLIGOCHA 262 2232,08 0 56949 5720,65 258 0,2005 0 3,1933 0,4575
OPHESPEC 262 3,58 0 204 22,65 258 0,0006 0 0,0613 0,0049
PETRPHOL 262 0,26 0 67 4,16 258 0,0036 0 0,9226 0,0574
PLEUGLAB 262 0 0 0 0 258 0 0 0 0
POLYSPEC 262 176,32 0 13000 924,75 258 0,0178 0 0,8970 0,0783
PYGOELEG 262 3285,15 0 61549 7539,59 258 0,2728 0 3,6094 0,5151
RETUOBTU 262 20,82 0 713 91,41 258 0,0097 0 0,4234 0,0459
SCOLARMI 262 69,71 0 2750 254,21 258 0,1584 0 5,2000 0,5034
SCOLSQUA 262 5,14 0 487 35,51 258 0,0292 0 2,2495 0,2044
SCROPLAN 262 136,40 0 4333 478,13 258 3,3456 0 90,5387 9,4728
SPIOBOMB 262 2,59 0 200 17,04 258 0,0027 0 0,5400 0,0339
SPIOSPEC 262 50,92 0 2333 206,19 258 0,0064 0 0,2267 0,0243
SPISSPEC 262 20,64 0 2492 172,03 258 0,0636 0 16,3636 1,0187
THARMARI 262 2051,81 0 44916 4954,03 258 0,3453 0 6,2166 0,7572

SUM 262 12674,2 0 106117 16631,6 258 27,515 0 349,2736 44,2168
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Macrobenthos Schelde estuary

SALINITY REGION 2 - LITTORAL ZONE
Density Biomass

Valid N Mean Min. Max. Std.Dev Valid N Mean Min. Max. Std.Dev.
ABRAALBA 503 0.44 0 202 9.04 491 3.38E-05 0 0.0166 0.0007
ABRATENU 503 0,21 0 105 4,69 491 6.33E-05 0 0,0311 0,0014
ACTINIAR 503 0,54 0 135 7,34 491 4,11E-05 0 0,0101 0,0006
ANAIMUCO 503 3,87 0 667 35,32 491 0,0064 0 2,3877 0,1094
ANGUTENU 503 0,36 0 105 5,58 491 5.35E-05 0 0,0119 0,0007
ARENMARI 503 36,49 0 316 59,59 491 2,9224 0 44,3273 6,1465
BATHSPEC 503 476,56 0 11717 1290,12 491 0,0914 0 2,1173 0,2377
BOCCREDE 503 0 0 0 0 491 0 0 0 0
CAPICAPI 503 39,93 0 1751 147,21 491 0,0069 0 0,4569 0,0334
CARCMAEN 503 2,72 0 135 13,53 491 0,0510 0 14,9801 0,6891
CERAEDUL 503 469,18 0 7744 1149,27 503 7,2727 0 276,2029 23,1130
COROAREN 503 137,21 0 12400 840,42 491 0,0276 0 1,9807 0,1664
COROINSI 503 0 0 0 0 491 0 0 0 0
COROLACU 503 0 0 0 0 491 0 0 0 0
COROVOLU 503 176,76 0 24733 1475,90 491 0,0390 0 4,6945 0,3073
CRANCRAN 503 16,47 0 832 57,87 491 0,0258 0 2,7843 0,1680
CYATCARI 503 8,89 0 1430 80,05 491 0,0030 0 0,3600 0,0259
ENSISPEC 503 4,46 0 1279 59,06 491 0,4564 0 221,0000 9,9735
ETEOLONG 503 83,26 0 5051 298,52 491 0,0370 0 1,4427 0,1094
EURYPULC 503 22,97 0 1263 109,04 491 0,0077 0 0,4100 0,0373
GAMMSALI 503 0 0 0 0 491 0 0 0 0
GAMMSPEC 503 0,27 0 67 4,22 491 2.07E-05 0 0,0067 0,0003
GASTSPIN 503 2,10 0 400 22,77 491 0,0019 0 0,4823 0,0271
HARMSPEC 503 0,19 0 67 3,28 491 0,0005 0 0,2483 0,0112
HAUSAREN 503 3,52 0 533 33,44 491 0,0047 0 0,7074 0,0464
HETEFILI 503 6104,14 0 66326 10105,3 491 4,8405 0 61,1950 7,3158
HYDRULVA 503 1304,79 0 26533 2838,17 491 0,4563 0 42,9570 2,4146
LANICONC 503 1,27 0 555 24,91 491 0,0009 0 0,4200 0,0190
MACOBALT 503 351,67 0 8700 663,12 491 2,7441 0 24,2524 4,0935
MAGEPAPI 503 0 0 0 0 491 0 0 0 0
MANAAEST 503 1,90 0 867 38,74 491 2.52E-05 0 0,0106 0,0005
MESOSLAB 503 0 0 0 0 491 0 0 0 0
MICRSPEC 503 0 0 0 0 491 0 0 0 0
MYA AREN 503 185,26 0 5159 536,27 491 2,6478 0 223,2266 14,5840
MYSEBIDE 503 0,34 0 67 4,41 491 8.97E-05 0 0,0202 0,0012
MYSIDACE 503 0,13 0 67 2,97 491 1,55E-05 0 0,0076 0,0003
MYTIEDUL 503 0,24 0 67 3,56 491 0,0002 0 0,0755 0,0034
NEMERTEA 503 17,74 0 832 67,29 491 0,0215 0 1,6462 0,1004
NEOMINTE 503 0 0 0 0 491 0 0 0 0
NEPHCAEC 503 0,34 0 105 5,55 491 0,0017 0 0,4372 0,0272
NEPHCIRR 503 2,46 0 135 15,59 491 0,0069 0 0,5365 0,0482
NEPHHOMB 503 11,81 0 277 38,97 491 0,1132 0 8,4417 0,6215
NEREDIVE 503 102,61 0 3928 346,52 491 0,5497 0 18,3810 1,7317
NERESUCC 503 269,12 0 3425 571,24 491 0,3047 0 5,7065 0,6916
OLIGOCHA 503 200,14 0 18779 1166,02 491 0,0251 0 2,2887 0,1550
OPHESPEC 503 2,77 0 316 26,00 491 0,0083 0 3,4806 0,1576
PETRPHOL 503 3,23 0 600 38,76 491 0,2159 0 59,4955 3,3714
PLEUGLAB 503 0 0 0 0 491 0 0 0 0
POLYSPEC 503 465,19 0 13867 1737,24 491 0,0425 0 4,1525 0,2244
PYGOELEG 503 2021,36 0 58788 5752,97 491 0,1574 0 5,2890 0,4956
RETUOBTU 503 0,43 0 60 4,22 491 2.42E-05 0 0,0119 0,0005
SCOLARMI 503 22,00 0 421 58,04 491 0,1209 0 3,8142 0,4203
SCOLSQUA 503 4,24 0 555 33,45 491 0,0174 0 2,6069 0,1580
SCROPLAN 503 63,60 0 5267 396,60 491 1,4582 0 186,1820 9,3262
SPIOBOMB 503 0,20 0 67 3,17 491 3.93E-05 0 0,0126 0,0006
SPIOSPEC 503 26,41 0 2867 182,25 491 0,0034 0 0,3101 0,0224
SPISSPEC 503 4,30 0 1414 67,70 491 0,0043 0 2,0875 0,0942
THARMARI 503 497,00 0 10317 1380,41 491 0,0713 0 1,9300 0,2048

SUM 503 13183,9 0 89884 15834,5 491 24,6586 0 317,3023 39,4918
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Macrobenthos Schelde estuary

SALINITY REGION 3 - LITTORAL ZONE
Density Biomass

Valid N Mean Min. Max. Std.Dev. Valid N Mean Min. Max. Std.Dev.
ABRAALBA 485 0 0 0 0 473 0 0 0 0
ABRATENU 485 0 0 0 0 473 0 0 0 0
ACTINIAR 485 0 0 0 0 473 0 0 0 0
ANAIMUCO 485 0,09 0 42 1,90 411 5.1E-05 0 0,0210 0,0010
ANGUTENU 485 0 0 0 0 473 0 0 0 0
ARENMARI 485 4,20 0 277 19,38 411 0,2118 0 12,9483 1,0533
BATHSPEC 485 744,61 0 20183 1900,35 411 0,1282 0 5,2564 0,3557
BOCCREDE 485 0 0 0 0 473 0 0 0 0
CAPICAPI 485 7,07 0 335 29,67 473 0,0020 0 0,3098 0,0172
CARCMAEN 485 2,97 0 335 19,51 411 0,0168 0 1,6000 0,1094
CERAEDUL 485 160,71 0 5878 676,28 423 0,3947 0 21,5707 1,6965
COROAREN 485 376,30 0 38910 2707,89 411 0,0462 0 2,4396 0,2314
COROINSI 485 0 0 0 0 473 2,11E- 0 0,0100 0,0005
COROLACU 485 0,16 0 80 3,63 473 0 0 0 0
COROVOLU 485 1933,07 0 57008 6465,64 411 0,4342 0 17,0000 1,4738
CRANCRAN 485 24,77 0 960 85,09 411 0,0237 0 3,3743 0,1742
CYATCARI 485 216,22 0 7671 937,40 411 0,1031 0 2,3893 0,3548
ENSISPEC 485 1,29 0 67 7,58 473 0,0025 0 0,6598 0,0324
ETEOLONG 485 130,55 0 11402 848,62 411 0,0534 0 2,3096 0,1997
EURYPULC 485 30,63 0 1173 123,86 411 0,0174 0 0,8350 0,0765
GAMMSALI 485 0,22 0 67 3,57 473 9,45E- 0 0,0335 0,0016
GAMMSPEC 485 2,73 0 159 15,37 473 9,67E- 0 0,0252 0,0013
GASTSPIN 485 0,13 0 25 1,44 411 7,96E- 0 0,0269 0,0013
HARMSPEC 485 0 0 0 0 473 0 0 0 0
HAUSAREN 485 15,92 0 1089 72,65 411 0,0274 0 1,0228 0,1072
HETEFILI 485 2800,88 0 33911 5436,03 411 2,6080 0 43,4419 5,1236
HYDRULVA 485 289,87 0 9599 957,23 411 0,0802 0 2,8091 0,2646
LANICONC 485 0 0 0 0 473 0 0 0 0
MACOBALT 485 372,31 0 7522 808,33 411 1,3031 0 28,2325 2,6400
MAGEPAPI 485 0,22 0 67 3,53 411 9.28E- 0 0,0341 0,0017
MANAAEST 485 80,94 0 26497 1220,09 473 0,0004 0 0,0740 0,0038
MESOSLAB 485 0,54 0 42 3,88 473 0,0001 0 0,0117 0,0010
MICRSPEC 485 0 0 0 0 473 0 0 0 0
MYA AREN 485 87,98 0 4352 395,56 411 0,2527 0 13,1735 1,1234
MYSEBIDE 485 0,22 0 67 3,53 473 3.10E- 0 0,0120 0,0006
MYSIDACE 485 0,45 0 67 3,76 411 0,0002 0 0,0140 0,0014
MYTIEDUL 485 0,08 0 26 1,26 411 0,0003 0 0,1167 0,0058
NEMERTEA 485 14,87 0 755 56,78 411 0,0089 0 0,4820 0,0407
NEOMINTE 485 0,16 0 67 3,05 411 7,71 E- 0 0,0208 0,0011
NEPHCAEC 485 0,16 0 50 2,54 473 0,0002 0 0,0433 0,0024
NEPHCIRR 485 0,08 0 17 0,93 411 0,0003 0 0,0675 0,0039
NEPHHOMB 485 0,83 0 84 6,89 411 0,0069 0 1,6813 0,0911
NEREDIVE 485 348,54 0 4333 775,96 411 1,0085 0 27,4978 2,4658
NERESUCC 485 88,30 0 3800 310,80 411 0,0998 0 2,8000 0,2947
OLIGOCHA 485 354,55 0 20063 1653,38 411 0,0208 0 2,9887 0,1551
OPHESPEC 485 0,02 0 9 0,41 473 0 0 0 0
PETRPHOL 485 7,41 0 1800 90,58 473 0,0393 0 17,0103 0,7828
PLEUGLAB 485 0 0 0 0 411 0 0 0 0
POLYSPEC 485 390,78 0 17190 1535,32 411 0,0518 0 2,2132 0,1811
PYGOELEG 485 4427,74 0 191478 14521,9 411 0,3737 0 11,0620 1,0055
RETUOBTU 485 0 0 0 0 473 0 0 0 0
SCOLARMI 485 0,37 0 99 5,77 411 9.73E- 0 0,0040 0,0002
SCOLSQUA 485 0,19 0 42 2,71 473 0,0002 0 0,0796 0,0039
SCROPLAN 485 38,08 0 951 138,65 411 1,0759 0 63,5364 4,4074
SPIOBOMB 485 0,37 0 154 7,09 473 9,30E- 0 0,0040 0,0002
SPIOSPEC 485 1,16 0 92 7,53 411 0,0002 0 0,0126 0,0012
SPISSPEC 485 1,13 0 267 14,97 473 1,73E- 0 0,0058 0,0003
THARMARI 485 17,84 0 6101 278,74 411 0,0077 0 2,4522 0,1214

SUM 485 12996,3 0 225567 22012,8 411 8,4655 0 101,5968 12,7020
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Macrobenthos Schelde estuary

SALINITY REGION 4 - LITTORAL ZONE
Density Biomass

Valid N Mean Min. Max. Std.Dev. Valid N Mean Min. Max. Std.Dev.
ABRAALBA 287 0 0 0 0 287 0 0 0 0
ABRATENU 287 0 0 0 0 287 0 0 0 0
ACTINIAR 287 0 0 0 0 287 0 0 0 0
AN Al MUCO 287 0 0 0 0 287 0 0 0 0
ANGUTENU 287 0 0 0 0 287 0 0 0 0
ARENMARI 287 0 0 0 0 287 0 0 0 0
BATHSPEC 287 63,45 0 9138 590,29 287 0,0066 0 0,6791 0,0507
BOCCREDE 287 165,05 0 47368 2796,04 287 0 0 0 0
CAPICAPI 287 0,27 0 42 3,22 287 0,0002 0 0,0503 0,0030
CARCMAEN 287 0 0 0 0 287 0 0 0 0
CERAEDUL 287 0,45 0 45 4,38 287 2.92E-05 0 0,0042 0,0003
COROAREN 287 1,68 0 252 17,73 287 0,0005 0 0,0660 0,0049
COROINSI 287 0 0 0 0 287 0 0 0 0
COROLACU 287 0,15 0 42 2,47 287 3.48E-07 0 0,0001 5,90E-06
COROVOLU 287 4408,46 0 51350 6771,95 287 1,0181 0 8,6813 1,5647
CRANCRAN 287 4,81 0 126 16,90 287 0,0101 0 0,8132 0,0698
CYATCARI 287 0,73 0 84 7,40 287 0,0006 0 0,1132 0,0071
ENSISPEC 287 0 0 0 0 287 0 0 0 0
ETEOLONG 287 3,18 0 133 16,06 287 0,0019 0 0,1190 0,0113
EURYPULC 287 2,26 0 126 13,07 287 0,0010 0 0,0671 0,0063
GAMMSALI 287 0,44 0 84 5,52 287 1.46E-05 0 0,0021 0,0002
GAMMSPEC 287 0,93 0 267 15,74 287 3.75E-05 0 0,0108 0,0006
GASTSPIN 287 0 0 0 0 287 0 0 0 0
HARMSPEC 287 0 0 0 0 287 0 0 0 0
HAUSAREN 287 0 0 0 0 287 0 0 0 0
HETEFILI 287 1592,46 0 25150 3689,12 287 1,2631 0 15,2579 2,6526
HYDRULVA 287 35,21 0 1333 125,43 287 0,0072 0 0,2096 0,0197
LANICONC 287 0,23 0 67 3,97 287 0 0 0 0
MACOBALT 287 337,20 0 4066 530,50 287 0,4123 0 4,8194 0,7035
MAGEPAPI 287 0 0 0 0 287 0 0 0 0
MANAAEST 287 246,80 0 38879 2407,35 287 0,0023 0 0,3982 0,0245
MESOSLAB 287 0,23 0 67 3,94 287 9.92E-06 0 0,0028 0,0002
MICRSPEC 287 0 0 0 0 287 0 0 0 0
MYA AREN 287 3,34 0 210 20,24 287 0,0020 0 0,3322 0,0205
MYSEBIDE 287 0 0 0 0 287 0 0 0 0
MYSIDACE 287 0 0 0 0 287 0 0 0 0
MYTIEDUL 287 0 0 0 0 287 0 0 0 0
NEMERTEA 287 3,68 0 335 23,88 287 0,0030 0 0,1677 0,0188
NEOMINTE 287 0 0 0 0 287 0 0 0 0
NEPHCAEC 287 0 0 0 0 287 0 0 0 0
NEPHCIRR 287 0 0 0 0 287 0 0 0 0
NEPHHOMB 287 0 0 0 0 287 0 0 0 0
NEREDIVE 287 1573,13 0 6983 1648,00 287 3,4908 0 49,5860 5,1599
NERESUCC 287 7,78 0 667 45,68 287 0,0169 0 1,5006 0,1205
OLIGOCHA 287 3084,94 0 72997 7008,45 287 0,2588 0 5,0804 0,5281
OPHESPEC 287 0 0 0 0 287 0 0 0 0
PETRPHOL 287 0,15 0 42 2,47 287 7.30E-05 0 0,0210 0,0012
PLEUGLAB 287 0 0 0 0 287 0 0 0 0
POLYSPEC 287 15,48 0 606 61,92 287 0,0028 0 0,0808 0,0111
PYGOELEG 287 145,38 0 8740 710,81 287 0,0120 0 0,5942 0,0470
RETUOBTU 287 0 0 0 0 287 0 0 0 0
SCOLARMI 287 0 0 0 0 287 0 0 0 0
SCOLSQUA 287 0 0 0 0 287 0 0 0 0
SCROPLAN 287 1,28 0 84 8,43 287 0,0296 0 2,3306 0,2088
SPIOBOMB 287 0 0 0 0 287 0 0 0 0
SPIOSPEC 287 0 0 0 0 287 2.92E-05 0 0,0084 0,0005
SPISSPEC 287 0 0 0 0 287 0 0 0 0
THARMARI 287 0,23 0 67 3,94 287 2.92E-06 0 0,0008 4.95E-05

SUM 287 11700,6 0 92430 11928,4 287 6,5405 0 52,3739 6,4782
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Ecoprofiles

In tr o d u c t io n

In Part Two the detailed ecoprofiles for 20 macrobenthic species of the Schelde estuary is given.
Each profile consists of the following parts:

•  In t r o d u c t io n : short summary of the importance of the species in the Schelde estuary
•  A u t o -e c o l o g y : short literature review on the auto-ecology of the species, with focus on habitat 

preferences, feeding habits and population dynamics. This auto-ecology aimed not at a complete 
overview of all available literature on the species, but focused on the relevant literature for this 
study. Information on effects of pollution, ecotoxicology, etc. was not included in the auto
ecology. More extended reviews are given for Cerastoderma edule, Corophium volutator, and 
Macoma balthica.

•  O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y : gives an overview for each species of the occurrence 
(presence/absence, abbreviated p/a), density and biomass in the Schelde estuary in relation to 
salinity and depth. Also the seasonal variation, presented as a spring versus autumn comparison, 
was made for each species. Geographical distribution maps (presence/absence and 
density/biomass) of each species in the Schelde estuary are also presented.

•  Re s p o n s e  c u r v e s  f o r  a  sin g l e  a bio tic  (e x p l a n a t o r y ) v a r ia b l e : For each species a 
(stepwise) logistic regression model for binary (presence/absence) data was performed on the 
following abiotic variables separately:

• model salinity and temporal salinity: both were treated together and presented in one table 
and figure. Salinity was expressed as psu.

• depth: A positive sign was used to indicated depths below NAP, whereas a negative sign 
was used to indicate depths above NAP. However, to make all depth values positive (as 
we worked also with the quadratic term), +2.5 m NAP was added to each value and 
therefore the data are presented as m NAP + 2.5m. To know the real height +2.5m NAP 
should be subtracted.

• maximum ebb (maxeb) and flood (maxfl) current velocity: expressed as m .s'1; both were 
treated together and presented in one table and figure.

• median grain size and mud content: both were treated together and presented in one table 
and figure. As mud content was expressed as the volume percentage < 63 /im, the 
corresponding curve on the accompanying figure only relates to the 0-100 part of the x- 
axis, whereas median grain size is expressed as pm  and the corresponding curve on the 
figure relates to the complete range of the x-axis.

For each abiotic variable the regression coefficients (+ standard error) are given, together 
with the concordance, which gives an indication of the performance of the model based on 
the association of predicted probabilities and observed responses. Also the fitted response 
curve is presented in an accompanying figure. No legend is added to these standard tables 
and figures, with the interpretation implied in the accompanying text.

•  M u ltiple  s t e p w is e  l o g ist ic  r e g r e s s io n : For each macrobenthic species a multiple stepwise 
logistic regression was run with all abiotic variables together. Since sediment characteristics were 
only available for a limited set of data, the analysis was run separately with and without sediment 
data. The regression coefficients for both models are presented in a table, together with the 
concordance (see above). To evaluate the performance of the model, an internal validation was 
performed, giving comparative statistics on the predicted and observed occurrence of each 
species, together with a Fisher exact test.

For a detailed description of the statistical analysis used, see Material & Methods in Part one
of this report.
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Macrobenthos Schelde estuary

An ecoprofile was constructed for the following 20 macrobenthic species of the Schelde 
estuary, presented in alphabetic order:

1. Arenicola marina 3
2. Bathyporeia spec. 11
3. Capitella capitata 19
4. Cerastoderma edule 27
5. Corophium arenarium 39
6. Corophium volutator 47
7. Eteone longa 59
8. Heteromastus filiformis 67
9. Hydrobia ulvae 75
10. Macoma balthica 85
11. Mya arenaria 97
12. Nephtys cirrosa 107
13. Nephtys hombergii 115
14. Nereis diversicolor 123
15. Nereis succinea 131
16. Polydora spec. 139
17. Pygospio elegans 147
18. Scrobicularia plana 155
19. Spio spec. 163
20. Tharyx marioni 171

Figures and tables are numbered per macrobenthic species, e.g. Figure 6.1. is the first figure 
in the ecoprofile on Corophium volutator.
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Ecoprofile Arenicola marina

ECOPROFILE o f  A r e n i c o l a  m a r i n a

In t r o d u c t io n

Arenicola marina is one of the largest macrobenthos species found in the Schelde 
estuary. Compared to other coastal areas, e.g. Oosterschelde and Wadden Sea, A. marina is 
less common in the Schelde estuary, contributing 4.6 % and 11.9 % to the total intertidal 
biomass of the polyhaline salinity regions 1 and 2 respectively.

A u t o - e c o l o g y

A r e n ic o l a  m a r in a _________________________  Annelida, Polychaeta
General

The lugworm A. marina is a common species in the intertidal zone of coastal areas and estuaries. It is a large 
species and reaches relatively high ages (5 to 6 years at least). In the Wadden Sea A. marina is by far the most 
important polychaete species, accounting for no less than 20% of the total macrozoobenthic biomass (BEUKEMA, 
1976). The tails of A. marina are an important food source for fish (e.g. plaice Pleuronectes platessa) (DE V las , 
1979a,b; B e rg m a n  e ta l., 1988).

Habitat preferences
Salinity: A. marina prefers euryhaline to mesohaline salinity conditions up to 21 psu. The species can 

occur up to salinities o f ± 9 psu. (BRENNING, 1965; KOSLER, 1969; WOLFF, 1973).
Sediment type and tidal elevation: Highest densities of adult A. marina are observed where intermediate 

values of level and silt contents coincide (B e u k e m a  &  D e  V la s ,  1979). Numerical densities as well as biomass 
values showed a bell-shaped relationship to both silt percentages and heights in the tidal zone (BEUKEMA &  DE 
VLAS, 1979). For juvenile lugworms, the highest densities are found at higher tidal levels.

Feeding
A. marina lives in J-shaped tubes, 20 to 40 cm deep (JAKOBSEN, 1967; DE W ild e  &  F a r k e ,  1983). The 

animal occurs most of its time in the undermost, horizontal part of the tube and inhales water and sediment, leading 
to the typical funnel-shaped holes at the sediment surface (DE WILDE &  F a r k e ,  1983). A. marina is a selective 
deposit feeder, feeding mainly on benthic microalgae and bacteria (R u k e n , 1979; d e  W ild e  &  F a r k e ,  1983). 
During feeding A. marina selects the smaller particles (<300-400/im) (BAUMFALK, 1979), whereas the larger 
particles are pushed out, forming the typical, so-called ‘Hydrobia layer’ (V a n  S t r a a t e n ,  1956 and S h ä f e r ,  1962, 
in CADÉE, 1976) at the sediment surface. A. marina is therefore one of the most important bioturbaters and 
reworkers of the sediment (CADÉE, 1976 ). As an important bioturbater, A. marina has a large impact on the 
microbial communities and biochemical activities in the sediment (REISE, 1985; REICHARDI", 1988) and on the 
remobilization of nutrients (Asmus, 1986). Settlement of macrobenthic larvae and juveniles may be hampered by the 
activity o f sediment reworking invertebrates, such as Arenicola marina (FLACH, 1992).

Population dynamics and life history
The time o f spawning differs between areas, but mostly occurs in autumn ( W o l l f ,  1973; DE W ild e  &  

B e r g h u i s ,  1979; P o l l a c k ,  1979). The adult females lay the eggs in the horizontal part o f the tube. The eggs are 
fertilised by spermatozoids which are inhaleted from the watercolumn into the tube (FARKE &  BERGHUIS, 1979a). 
After a month the larvae leave the tubes and migrate to the lower part of the intertidal zone or even to the subtidal 
zone ( F a r k e  &  B e r g h u i s ,  1979b). The next summer (first settlement) the juveniles migrate back through 
passive transport to the higher parts of the intertidal zone ( F a r k e  et al., 1979). After this first settlement, a 
resettllement occurs almost one year later towards lower levels and coarser sediments (BEUKEMA &  DE V la s ,  
1979).

3



Macrobenthos Schelde estuary

Arenicola marie 
occurrence

•presence (324) 
•absence (2788)

Arenicola marine
biom ass (g AFDW/m2)

Figure 1.2. G eographical distribu tion  m aps o f  A renicola  m arina in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  m 2) data  (bottom ).
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Ecoprofile Arenicola marina

O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
The presence o f A. marina is m ainly restricted to the polyhaline (salinity region 1 and 2), 

littoral zone (Table 1.1). In the a-m esohaline, intertidal zone (salinity region 3), the species is 
observed irregularly, and in the ß-m esohaline zone (salinity region 4) the species is 
com pletely absent. In the subtidal zone A. marina was hardly observed.

Both mean biom ass and density were highest in salinity region 2 (Figure 1.1). In salinity 
region 3 biom ass and density were very low. A. marina contributes 4.6 % and 11.9 % to the 
total intertidal biom ass o f the polyhaline salinity regions 1 and 2 respectively.

The geographical distribution o f A. marina in the Schelde estuary is shown in Fig. 1.2.

Table 1.1. O ccurrence (p /a) o f  A. m arina along the sa lin ity and depth gradien ts o f  the Schelde 
estuary. N  = num ber o f  observa tion s (sa lin ity  regions: 1&2: polyhaline; 3& 4: mesohaline).

Ï 2 3 4

littoral
u ndeep  subtidal 
d e e p  subtidal 
channel

3 0 ,2  % (n=262)  
2 ,7 %  'n=151 ) 
0 ,0 %  (n=123)  
0 ,5 %  (n=186)

37 ,0  % (n= 503)
1,3 % (n=153)  
3,9  % (n=130)
1,2 % (n=173)

9,1 % (n=485)  
0 ,8  % (n=127)  
0 ,0 %  (n=112) 
0 ,0  % (n=232)

0 ,0  % (n= 287)  
0,0  % (n=51)  
0,0  % (n=67)  
0 ,0  % (n=70)

* 2,5
i  21
Q  1,5 
< 1
01 0,5

q littoral b  undeep subtidal Qdeep subtidal ochannel

40 

j j  30

Iw

1  10
H

n _ n
i 2 3 4 

a rea

a  littoral ■  u n d e e p  su b tid a l Q d e e p  su b tid a l □  c h a n n e l

Figure 1.1. Mean den sity  (ind m 2) and biom ass (g A FD W  m 2 ) o f  A. m arina along the salin ity and  
depth  gradien t in the Schelde estuary (area: 1&2: polyhaline zone; 3& 4: m esohaline zone).

Seasonal variations: spring versus autumn occurrence
In the polyhaline zone A. marina was observed m ore frequently in spring as com pared to 

autum n, resulting in a h igher spring density and biom ass (Table 1.2). In the ß-m esohaline 
zone (salinity region 3) the opposite was observed, with a higher occurrence, density and 
biom ass in autum n, which probably is explained by the low er salinities occurring in w inter 
and spring in this salinity region, which caused more unfavourable conditions for this species.

Table 1.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density (ind  
tr i2) and biom ass (g A F D W  m 2) o f  A. m arina in the littora l zone o f  the Schelde estuary (salinity  
regions: 1&2: polyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re se n c e  Spring 34 ,0  % (n=97) 46 ,8  % (n= 169) 5 ,4  % (n=147) 0 ,0  % (n= 33)
Autumn 2 8 ,2 %  (n=135) 3 0 ,3 %  (n=218) 10 ,4  % (n=249) 0 ,0 %  (n= 214)

Density Spring 13 51 4 0
Autumn 9 25 5 0

B iom ass  Spring 1,71 3 ,84 0 ,12 0
Autumn 0 ,92 1,89 0 ,26 0
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Macrobenthos Schelde estuary

R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal response curves for both models. An optimum is observed in the polyhaline zone, 
being around 24 psu and 22 psu for ‘model salinity’ and ‘temporal salinity’ respectively. The 
‘model salinity’ model showed a more narrow tolerance with an optimum which shifted 
towards a higher salinity as compared to the ‘temporal salinity’ model. The ‘temporal salinity’ 
model showed a much broader response curve, extending into the mesohaline zone. This 
difference was probably the result of the lower salinities occurring in winter and spring in the 
poly-/mesohaline zone, which were dedected with the ‘temporal salinity’ model (see Material 
& Methods), and not with the ‘model salinity’ model, since this model does not take into 
account seasonal variations of salinity. It seems that A. marina can withstand temporarily 
lower salinities (the species was frequently observed in spring, see Table 1.2), but the model 
does not say anything about how long A. marina can cope with these lower salinities.

Arenicola Term Regression Standard error 0.25- ---- temporal salinity
marina coefficient

0.20-

......model salinity

Present: 3 2 4
Absent: 2 7 8 8 0.15-

intercept -4 ,4 8 7 6 0 ,4 6 1 6 J---
Model salinity 0 ,2 3 5 9 0 ,0 5 0 2

Q.
0.10- s ¡Model salinity2 -0 ,0 0 5 2 9 0 ,0 0 1 2 9 /  ■

concordance 56 ,90%
0.05- /  / \

intercept -1 6 ,0 5 7 6 1 ,5 5 4 3 /
Temporal salinity 1 ,2 2 0 8 0 ,1 3 6 2 0.00- —1--»-- 1--»— -- 1----- --- 1-- »-- 1--»--1--*-- 1-- -

0 S 10 15 30 25 30 35
Temporal salinity2 -0 ,0 2 5 4 0 ,0 0 2 9 3 salinity
concordance 71 ,40%

Depth
Only the linear term of depth was included in the model, giving a linear logit curve for 

depth. As A. marina was typically observed in the intertidal zone (see Table 1.1), a steep 
decreasing response was observed with increasing depth.

Term Regression Standard error 
coefficient

0.33'Arenicola
marina

0.25

Present: 275 
Absent: 2599

-0,9723
-0,3062

0,0989
0,0275

intercept
depth
depth2
concordance

0,15

0.K)
74,80%

0,06

0,00-

depth (m NAP+25m)
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Ecoprofile Arenicola marina

Maximum ebb and flood current velocities
Both the linear and quadratic terms were included in the maximum ebb and flood 

current velocity models. This resulted in unimodal response curves for maximum ebb and 
flood current velocity with an optimum around 0.36 and 0.275 m.s 1 respectively.

Arenicola Term 
marina

Regression
coefficient

Standard error

Present: 313
Absent: 2724

Intercept -3,3084 0,3621
Maxeb 11,8410 1,7419
Maxeb2 -16,3873 1,9876
Concordance 78,00%

Intercept -1,9378 0,2319
Maxfl 5,3515 1,2111
Maxi I2 -9,5841 1,3902
Concordance 78,90%

0 2 5 -
 max et)

max hood

0 . 1 5 -

Q.
0 ,10 -

0,00 ■
0 ,0  0 ,1  0 2  0 3  0 .4  0 5  Q £  0 ,7  0 3  0 9  1 ,0  1,1

currert vakxjty (nVs)

Sediment characteristics: median grainsize um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model and 

the mud content model. A. marina clearly prefered fine sandy sediments, showing unimodal 
response curves for median grain size with an optimum at ± 155 fxm and for mud content with 
an optimum of 25%. However, A. marina showed a relatively broad tolerance and only in very 
coarse or very muddy sediments the chance of observing this species was very small.

Arenicola Term 
marina

Regression
coefficient

Standard error

Present: 186
absent: 1200

Intercept -3,5036 0,4026
median 0,0250 0,0518
median2 -0,00008 0,000016
concordance 62,60%

present: 172
absent: 1121

intercept -2,0977 0,1333
mud 0,0600 0,0146
mud2 -0,00117 0,000257
concordance 63,90%

025-1  nuJocrtert(<64//Tf
 majan granaze (í/ t|

0 2 D -

0 1 5 -

Q.
010-

0 0 6 -

000-
15 00 50 100 2D0 2 5 0 3 0 0

æ d r T B r t  ctaractensbcs
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Macrobenthos Schelde estuary

M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and/or quadratic terms 
of all abiotic variables were included in the model (Table 1.3), with the linear term of 
maximum flood current velocity (maxfl), the linear and quadratic term of model salinity and 
the linear term of depth adding most to the change in deviance. The model with sediment 
characteristics performed slightly better, with the linear term of model salinity, the linear term 
of maximum flood current velocity (maxfl), the quadratic term of temporal salinity and the 
linear term of depth adding most to the change of deviance in the model.

Table. 1.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Arenicola
marina

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 269 
absence: 2558

with sediment 
Presence: 172 

Absence: 1121

intercept 
Temporal salinity2 

Model salinity 
Model salinity2 

Depth 
Depth2 
Maxeb 

Maxeb2 
Maxfl

-13,4934
-0,00099

1,0284
-0,0194
-0,2633
0,00438

5,4847
-6,6295
-1,9627

1,7360
0,000497

0,1600
0,00360

0,0559
0,00155

1,9563
2,0977
0,4712

Intercept 
Temporal salinity2 

Model salinity 
Depth 

Depth2 
Maxeb 

Maxfl 
Median 

Median2

-9,3460
-0,00260

0,2921
1,4338

-0,3155
3,0047

-3,3583
0,0208

-0,00007

0,9117
0,000701

0,0361
0,3824
0,0785
1,0111
0,7804

0,00625
0,000018

concordance 88,8% Concordance 90,8%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 89,5 % of the responses correctly (Table 1.4). However, only 44,6 % of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased up to 50,6 %.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Ecoprofile Arenicola marina

Table 1.4. Comparative statistics on the predicted and observed occurrence o f  A. marina in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm  = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

Arenicola marina (p=0,354)
(without sed im en t characteristics)

R esponse
Observed

Model
Pm Am Total

%
correct

Po 120 149 269 4 4 ,6
Ao 149 2 4 0 9 2558 9 4 ,2

Total 269 2558 2827 8 9 ,5

D ifference between proportions 0 ,388
95% Cl I -1 ,000  to 0 ,4 3 8  (normal approximation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(ob served  by model: Po<Ao)|

Arenicola marina (p=0,364)
(with sedim ent characteristics)

R esponse
Observed

Model
Pm Am Total

%
correct

Po 87 85 172 5 0 ,6
Ao 85 1036 1121 9 2 ,4

Total 172 1121 1293 8 6 ,9

Difference between proportions 0 ,430
95% Cl I -1 ,000  to 0 ,4 9 4  (normal approximation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(ob served  by model: Po<Ao)|
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Ecoprofile Bathyporeia spp.

ECOPROFILE o f  B a t h y p o r e i a  spp.

I n t r o d u c t io n

The genus Bathyporeia is, together with the genus Corophium, by far the most 
frequently observed group of Arthropoda (Amphipoda) in the estuarine sediments of the 
Schelde estuary. Despite Bathyporeia spp. (mainly determined as B. pilosa) was a common 
and widespread species in the Schelde estuary, its density and biomass were in general very 
low and therefore its contribution to the total system biomass was also very low. Only in the 
subtidal part of the a-mesohaline zone Bathyporeia spp. makes up ± 20% of the total density 
observed.

A u t o -e c o l o g y

B a t h y p o r e ia  s p p ._________________________ Arthropoda, Amphipoda, Haustoriidae
General

As the genus Bathyporeia is a difficult group in terms of determination, and as this genus was not always 
determined at species level, all individuals belonging to the genus Bathyporeia were lumped to Bathyporeia spp. 
However, by far most individuals were determined as Bathyporeia pilosa. Other species observed were Bathyporeia 
sarsi, Bathyoreia pelagica, Bathyporeia elegans. The auto-ecology given here is therefore mainly based on 
Bathyporeia pilosa literature.

Bathyporeia spp. is a benthic amphipod, widely distributed in the shallow coastal areas o f the North 
Temperate Zone. This euryhaline species lives in the sediment, but does not built permanent tubes. The animals 
move through the top layer o f the sediment but can also been observed crawling at the sediment surface (LINKE, 
1939).

Habitat preferences
Salinity: Bathyporeia pilosa  is a euryhaline species which enters the estuary up to the mesohaline zone 

(L e lo u p  &  K o n ie tz k o ,  1956; V a d e r ,  1965). B. pilosa is very tolerant to low salinities ( S e g e r s t r a l e ,  1943), 
which was also observed in experimental studies of PREECE (1970).

Sediment type: The preferred substratum of Bathyporeia spp. are sandy (< 210 pm ), well sorted 
sediments, with a mud content of up to 25% ( D a h l ,  1952; V a d e r ,  1965; F ish  & P r e e c e ,  1970; B o y d e n  & 
L i t t l e ,  1973; S h a c k l e y ,  1981). Field investigations performed by K h a y r a l l a h  &  JONES (1980) showed that
B. pilosa rarely occurs in sediments with a median particle diameter outside the range 150-220 pm  or with a silt 
and clay content greater than 2%. Haustoriidae, to which Bathyporeia belonges, have developed a body which 
allow them to survive in unstable sediments (BOUSFIELD, 1970). They are capable of very fast swimming and 
digging ( C r o k e r ,  1967; NlCOLAISEN & K a n n e w o r f f ,  1969; S a m e o to ,  1969) and therefore Bathyporeia spp. is 
a typical inhabitant o f unstable, sandy sediments ( K h a y r a l l a h  &  J o n e s ,  1980) and exposed beaches with a lot 
of wave action (SHACKLEY, 1981). B. pilosa prefers more sheltered areas as compared to B . sarsi and B. 
pelagica ( V a d e r ,  1965; N ic o la i s e n  & K a n n e w o r f f ,  1969).

Feeding
The feeding of the genus Bathyporeia may be considered as selective deposit feeders. They feed by cleaning 

sand grains from adhering micro-organisms and detritus (N ic o la is e n  & K a n n e w o r f f ,  1969; S ü n d b a c k  & 
P e r s s o n ,  1981).

Population dynamics and life history
Bathyporeia pilosa  is generally believed to be bivoltine,, with a long-lived overwintering generation, 

reproducing in spring and a short-lived spring-summer generation, reproducing in summer (F ish  &  P r e e c e ,  
1970; F ish , 1975; P o w e l l  &  M o o r e ,  1991). Reproductive cycles are closely linked with photoperiod, and 
environmental temperature dependent ( S a l v a t ,  1967; POWELL &  MOORE, 1991), and during that period the 
species is often observed swimming (e.g. P r e e c e ,  1971).
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BATHYPOREIA SPEC. 
occurrence

•presence (936) 
•absence (2176)

BATHYPOREIA SPEC. 
density (N/m2)

Figure 2.2 G eographical d istribu tion  m aps o f  B athyporeia  spp. in the Schelde estuary with  
presence/absence da ta  (top) and den sity  (ind m 2) da ta  (bottom ).
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Ecoprofile Bathyporeia spp.

O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
Bathyporeia spp. occurred along the w hole salinity gradient o f the Schelde estuary, with a 

clear optim um  in the a -m esohaline  zone (salinity region 3) (Table 2.1). In the polyhaline 
zone Bathyporeia spp. clearly preferred the intertidal zone, w hereas in the a-m esohaline zone 
this species was observed frequently in all depth strata. In the ß-m esohaline zone Bathyporeia 
spp. show ed an opposite trend, with a higher occurrence in the subtidal zone. Both biomass 
and density show ed a sam e trend, with an increase from  salinity region 1 towards salinity 
region 3 and highest densities in the intertidal zone (Figure 2.1). H ow ever, in the subtidal of 
the a-m esohaline zone Bathyporeia spp. m akes up ± 20%  o f the total density  observed. In 
salinity region 4 overall density  and biom ass was low. The geographical distribution of 
Bathyporeia in the Schelde estuary is shown in Fig. 2.2.

T able 2.1. O ccurrence (p/a) o f  B athyporeia spp. along the sa lin ity  and depth  gradien ts o f  the Schelde  
estuary. N =num ber o f  observa tion s (sa lin ity regions: 1& 2: po lyhaline; 3& 4: mesohaline).

Ï 2  3  4

Littoral
U ndeep  subtidal 
D eep  subtidal 
Channel

32 ,8  % (n=262)  
6 ,0 %  *n=151 )
3 ,3  % (n=123)
1,1 % (n=186)

46.1 % (n= 503)
13.1 % (n=153) 

7 ,7 %  (n=130)  
6 ,4 %  (n=173)

57 .3  % (n=485)
54 .3  % (n=127)
48 ,2  % (n = 112)
43,1 % (n=232)

7 ,7  % (n= 287)
17.6 % (n=51) 
1 7 ,9 %  (n=67)
25 .7  % (n=70)

EU littoral ■ undeep subtidal odeep subtidal Qchannel □ littoral ■ undeep subtidal ndeep subtidal □channel

Figure 2.1. M ean density  ( ind mi2) and biom ass (g A F D W  m 7) o f  B athyporeia  spp. along the salinity  
and depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: mesohaline).

Seasonal variations: spring versus autumn occurrence
Bathyporeia spp. was m ore frequently observed in spring as com pared to autum n, except 

in salinity region 4 (Table 2.2). M ean density and biom ass were com parable in both seasons.

Table 2.2. Spring (M ar-M ay) versus autumn (Aug-O ct) occurrence (presence/absence), density  (ind  
m 2) and biom ass (g A F D W  m 2) o f  B athyporeia spp. in the littora l zone o f  the Schelde estuary, 
(salin ity  regions: 1&2: po lyh a lin e zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re se n c e  Spring 40 ,2  % (n=97) 5 7 ,4 %  (n= 169) 62 ,6  % (n=147) 3 ,0  % (n= 33)
Autumn 31,1 % (n=135) 3 2 ,6 %  (n=218) 53 ,4  % (n=249) 8,9  % (n= 214)

Density Spring 307 546 628 1,3
Autumn 29 4 348 807 85

B iom ass  Spring 0 ,0 6 7 4 0 ,1369 0 ,1 2 5 9 0 ,0 0 0 2 5
Autumn 0 ,0 4 2 4 0,0481 0 ,1 1 6 0 0 ,0 0 8 8
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Macrobenthos Schelde estuary

R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m -2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal response curves for both models. A clear optimum is observed in the a-mesohaline 
zone, being around 14 psu and 18 psu for temporal salinity and model salinity respectively. 
Temporal salinity showed an optimum which shifted towards a lower salinity, which probably 
was the result of a higher frequency of occurrence of Bathyporeia spp. in spring (especially in 
the littoral zone), when in general lower (termporal) salinities are observed. This was already 
indicated by Table 2.2., where in the littoral zone Bathyporeia spp. was more frequently 
observed in spring.

Bathyporeia Term Regression Standard error 0 .4 0
. . . . .  ---------- l e n p o r a l  s a l i n i t y

spp. coefficient 0 3 6 ............ m o d e l  s a l i n i t y

present: 670 / /  'v  \absent: 2442 0 2 5 /  \
Intercept -2,6619 0,2674 0 .2 0 ¡ i  \  \
Temporal salinity 0,2620 0,0334 /  \  \
Temporal salinity2 -0,00905 0,000969 0 1 5 /  VConcordance 64,50% 0 1 0

Intercept -6,9094 0,4742
0 0 6

\
Model salinity 0,6907 0,0506 0 0 0 - 1 —1—'—1—1—1 '  '1—1—1—■— 1—»—1—1

0  5  1 0  1 5  2 0  2 5  3 0  3 6
Model salinity2 -0,0186 0,00130 safcnrty
concordance 69,70%

Depth
Both the linear and quadratic term was included in the model. However, no unimodal 

response curve was obtained, but it can be concluded that the chance of occurrence of 
Bathyporeia spp. was highest in the intertidal and shallow subtidal zone, but also in the deep 
subtidal and the channels the species could be observed, although less frequently.

Term Regression Standard error 
coefficient

Bathyporeia
spp.

present: 589 
absent: 2285

0,0778
0,0181

0,000671

-0,5482
-0,1748
0,00139
66,30%

intercept
depth
depth2
concordance

0 . 1 5

0.10

0 , 0 6

depth (m NAP ♦  2 ,5m )
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Ecoprofile Bathyporeia spp.

Maximum ebb and flood current velocities (m .s1)
Only the linear term was included in both current velocity models. This resulted in a 

more or less linear curve and Bathyporeia spp. seemed to be relatively unaffected by current 
velocities, with only a slight preference for the lower current velocities.

Bathyporeia Term 
spp.

Regression
coefficient

Standard error

present: 654
absent: 2383

Intercept -0,8305 0,0978
Maxeb -0,7429 0,1448
Maxeb2 - -

Concordance 56,40%

Intercept -0,7845 0,0863
Maxfl -0,8207 0,1256
Maxfl2 - -

Concordance 58,00%

n p n .  maxeb
— max flood

0,25

Q. ais

0,10

0,05

0 0  01 0 2  0 3  0 *  0 5  0 6  0 7  0 8  0 9  1j0 1,1

current velocity (rrVs)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model, 

whereas only the linear term was included in the mud content model. This resulted in an 
unimodal response curve for median grain size; Bathyporeia spp. clearly prefered sandy 
sediments with an optimum for median grain size at ± 220 p m . The response curve for mud 
content clearly showed a steep, more or less linear decrease with increasing mud content. In 
very muddy sediments Bathyporeia spp. was absent.

Bathyporeia Term 
spp.

Regression
coefficient

Standard error

Present: 366
Absent: 1136

intercept -5,8042 0,4848
median 0,0484 0,00501
median2 -0,00011 0,000012
concordance 69,00%

Present: 347
Absent: 1039

intercept -0,2651 0,0831
mud -0,0716 0,00717
mud2 - -

concordance 71,70%

 mudoortert(<63̂ m)
 mederi granaze (jxn)

036

025

a
015

010

006

0 50 100 150 200 250 300

sedment characteristics
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Macrobenthos Schelde estuary

M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, both the linear as the 
quadratic term were included for model and temporal salinity, and depth (Table 2.3). Also the 
quadratic term for maximum ebb current velocity was included. The linear term of depht, and 
the linear and quadratic term of temporal salinity added most to the change of deviance in the 
model. The model with sediment characteristics performed better, with the linear term of mud 
content and the linear term of depth adding most to the change of deviance in the model.

Table.2.3. Results f o r  the binary multiple logistic regression model, without and with sedim ent 
characteristics included, respectively.

Bathyporeia Term 
spp.

Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
Presence: 583 
absence: 2244

with sediment 
Presence: 331 
Absence: 962

Intercept 
Temporal salinity 

Temporal salinity  ̂
Model salinity 

Model salinity? 
Depth 

Depth2 
Maxeb2

-7,2309
0,1585

-0,00626
0,6689

-0,0169
-0,2882
0,00571

1,1721

0,5386
0,0416

0,00137
0,0631

0,00174
0,0262

0,000787
0,1681

Intercept 
Temporal salinity 

Temporal salinity2 
Depth 

Depth2 
Maxeb 

Maxeb2 
Mud

-2,6535 
0,3857 

-0,0125 
-0,4620 
0,0126 
4,1235 

-1,7495 
-0,0978

0,7288
0,0777

0,00237
0,0552

0,00209
1,2321
0,8251
0,0101

concordance 79,1% concordance 85,3%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 78,1 % of the responses correctly (Table 2.4). However, only 46,8 % of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased up to 62,5 %. So the model performed 
better when the sediment characteristics were included in the model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Ecoprofile Bathyporeia spp.

Table 2.4. Comparative statistics on the predicted and observed occurrence o f  Bathyporeia 
spp. in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; Ao = Absent observed; Pm = 
Present predicted by the model; Am = Absent predicted by the model).

Bathyporeia spp. (p=0,38)
(without sed im en t characteristics)

R e sp o n se
O b served

Model 
Pm  Am Total

%
Correct

Po 2 7 3 3 1 0 583 4 6 ,8
Ao 310 1934 2 2 4 4 8 6 ,2

Total 583 2 2 4 4 28 2 7 78,1

Difference betw een proportions 0 ,3 3 0
95%  Cl -1 ,0 0 0  to 0 ,3 6 6 (normal approxim ation)

Fisher exact test: 1-tailed p < 0.0001 (exact)

Bathyporeia spp. (p=0,46)
(with sed im en t characteristics)

R e sp o n se Model %
O b served Pm  Am Total correct

Po 2 0 7  124 331 6 2 ,5
Ao 124 8 3 8 962 87,1

Total 331 9 6 2 1293 8 0 ,8

Difference betw een proportions 0,496
95%  Cl -1 ,0 0 0  to 0 ,5 4 4  (normal approxim ation)

Fisher exact test: 1-tailed p j < 0 .0001  (exact)
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Ecoprofile Capitella capitata

ECOPROFILE o f  C a p i t e l l a  c a p i t a t a

I n t r o d u c t io n

The polychaete Capitella capitata was not very common in the Schelde estuary, and 
both density and biomass were in general very low and therefore therefore its contribution to 
the total system biomass was also very low. The habitat preferences of C. capitata were not 
very well defined, being e.g. present in all depth strata, in both very muddy as very coarse 
sediments. Being a very opportunistic species, C. capitata probably reacts on local 
disturbances like e.g. dredging activities.

A u t o - e c o l o g y

C a p i t e l l a  c a p it a t a __________  Annelida. Polychaeta
General

C. capitata is very opportunistic polychaete species, characteristic for estuaries. C. capitata makes more 
or less vertical, non-permament burrows, sometimes edged with mucus (H a r t m a n n -S c h r ö d e r , 1971). 
Maximum depth in the sediment is 24 cm, but most individuals of C. capitata are observed at a depth of 12-18 
c m  (W a r r e n , 1976, 1977).

Habitat preferences
Salinity: According to WOLFF (1973) C. capitata is rarely seen upstream the isohaline of 10 g Cl /1. 

L e l o u p  &  K o n œ t z k o  (1956) observed the species in the Zeeschelde near the isohaline of 4 g Cl /1 (just 
upstream the Dutch/Belgian border) , but according to WOLFF (1973) confusion with Heteromastus filiformis 
could probably explain this observation. Also MUUS (1967) observed the species rarely at salinities lower then 10 
g C171.

Sediment type: According to H a r t m a n n -S c h r ÖDER (1971) C. capitata is found in different substrates. C. 
capitata is most frequently observed in fine to medium sandy sediments which are well sorted (WOLFF, 1973; 
W a r r e n , 1977). However, the most important, controlling factor for C. capitata seems to be the instability of the 
sediment: highest densities are observed in instable sediments (GRASSLE &  G r a s s l e , 1974; JAMES &  GIBSON, 
1980)._______________________________________________________________________________________________
Feeding

C. capitata is a non selective deposit feeders, feeding mainly on micro-organisms (W a r r e n , 1977), which 
are living on decaying material (T e n o r e , 1977; T e n o r e  &  H a n s o n , 1980).

Population dynamics and life history
C. capitata is monotelic and one o f the few Polychaeta with sexual dimorfism. Sexually mature females 

built a brood tube with sand and detritus, in which the fecundated eggs are deposited. After 4 to 5 days the 
trochophora larvae hatch. The female takes care of the brood (H a r t m a n n -S c h r ö d e r , 1971; T s u t su m i & 
KlKUCHl, 1984). After ten days the metatrochophora larvae leave the tube and stay for a week in the pelagic, after 
which they settle. The settlement is stimulated by sulfur combinations, products o f  anaerobic processes (CUOMO, 
1985).
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CAPITELLA CAPITATA 
occurrence

•presence (376)

CAPITELLA CAPITATA 
density (N/m2)

Figure 3.2. G eographical d istribu tion  m aps o f  C apite lla  cap ita ta  in the Schelde estuary with  
presence/absence data  (top) and den sity  (ind m 2) da ta  (bottom ).
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Ecoprofile Capitella capitata

O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
C. capitata was present in the salinity regions 1 to 3, but was alm ost com pletely absent in 

salinity region 4 (Table 3.1). In the littoral zone and the undeep subtidal zone a decrease in 
occurrence was observed with decreasing salinity, w hereas in the deep subtidal zone and the 
channel the species was m ost frequently observed in the salinity region 3.

Both biom ass and density were very low (Figure 3.1), and C. capitata  is o f no im portance 
for the overall m acrobenthic density or biom ass in the Schelde estuary. D ensities were in 
general higher in the littoral and decreased with decreasing salinity, w hereas for biom ass no 
clear trend was observed. The geographical distribution o f C. capitata  in the Schelde estuary 
is shown in Fig. 3.2.

T able  3.1. O ccurrence (p /a) o f  C. capita ta  along the sa lin ity  and depth  grad ien ts o f  the Schelde 
estuary. N -n u m b er  o f  observa tion s (salin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

1 2 3 4

Littoral 2 8 ,6  % (n=262) 1 8 ,3 %  (n= 503) 10 ,5  % (n=485) 0 ,7  % (n= 287)
U ndeep  subtidal 16 ,6  % 'n=151 ) 9 ,8 %  (n=153) 9 ,4  % (n=127) 0 %  (n=51)
d eep  subtidal 6 ,5 %  (n=123) 7 ,7 %  (n=130) 12 ,5  % (n = 1 12) 0  % (n=67)
C hannel 8 ,6  % (n=186) 5 ,2 %  (n=173) 2 0 ,7  % (n=232) 0 % (n=70)

80 -  

J= 60 I
z

1 2  3 4

□ littoral a  undeep subtidal □ deep subtidal □ channel j

Figure 3.1. M ean density (ind m 2) and biom ass (g A F D W  n i2) o f  C. cap ita ta  along the salin ity and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
C. capitata, was slightly m ore frequently observed in autum n as com pared to spring 

(Table 3.2). In salinity region 1 and 2 m ean density was h igher in autum n, but for biom ass this 
was only reflected in salinity region 2.

Table 3.2. Spring (M ar-M ay) versus autumn (Aug-O ct) occurrence (presence/absence), density (ind  
mi2) and  biom ass (g A F D W  tr i2) o f  C. cap ita ta  in the litto ra l zone o f  the Schelde estuary, (salinity  
regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

LITTORAL_____________ 1__________________ 2___________________ 3___________________ 4

P r e se n c e  Spring 2 3 ,7  % (n=97) 13 ,0  % (n= 169) 7 ,5  % (n=147) 0 ,0  % (n= 33)
Autumn 3 0 ,4 % (n = 1 3 5 )  2 2 ,5 % (n = 2 1 8 )  1 0 ,0 % (n = 2 4 9 )  0 ,9 % (n = 2 1 4 )

D ensity Spring 3 4  22  6 0
Autumn 102 59  7 0 ,4

B iom ass Spring 0 ,0 1 1 6  0 ,0 0 4 3  0 ,0 0 2 5  0
__________ Autumn 0 ,0 0 9 4 ____________ 0 ,0 0 8 0 _____________ 0 ,0 0 2 0 _____________ 0 .0 0 0 2

0,012 
„ 0,01 j 
I  0,008 
I  0,006
<  0,004 

0,002

area

B littoral b  undeep subtidal Qdeep subtidal □channel
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Macrobenthos Schelde estuary

R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b i o t i c  (e x p l a n a t o r y )  v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. C. capitata 
was mainly observed in very low densities. Therefore, at all sampling occassions where the 
species was observed, the species was also considered being present in the analysis.

Model salinity and temporal salinity
Both the linear and quadratic term of both ‘temporal salinity’ and ‘model salinity’ were 

included in the models. C. capitata showed a sigmoidal response for salinity, with a higher 
chance of occurrence with increasing salinity.

Capitella
capitata

Term Regression
coefficient

Standard error

present: 376 
absent: 2736

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-4,5302
0,2017

-0,00334
62,30%

0,4704
0,0492

0,00122

Intercept 
Model salinity 
Model salinity2 
Concordance

-7,0033 
0,4205 

-0,00811 
58,10%

0,7585
0,0714

0,00163

Depth
No term was included in the depth model, indicating no differentiation in the chance of 

occurrence of C. capitata based on depth. This coincides with the observations from Table 
3.1, where C. capitata was found to be present in all depth strata.

Capitella
capitata

Term Regression
coefficient

Standard error

present: 341 
absent: 2533

Intercept -2,0053 0,0577
Depth - -
depth2 - -
Concordance “

Q40-

Q35

Q3D

Q25

nan-
ca.

Q16-

Q10-

CtC6-

5 10 15 2D 25 30

d e p t i (m N û P + 2 £ T t
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Ecoprofile Capitella capitata

Maximum ebb and flood current velocities (m .s1)
Only the quadratic term was included in the maximum ebb current velocity (maxeb) 

model, whereas both the linear and quadratic term were included in the maximum flood 
current velocity (maxfl) model. However, both curves were very broad and C. capitata 
seemed to be relatively unaffected by current velocities, showing a very broad tolerance.

Capitella Term 
capitata

Regression
coefficient

Standard error

present: 365
absent: 2672

Intercept -1,6555 0,0823
Maxeb - -

Maxeb2 -0,7265 0,1460
Concordance 56,60%

Intercept -2,2591 0,1937
Maxfl 1,9609 0,6711
Maxfl2 -1,8766 0,5029
Concordance 55,30%

mwftood

a « -

o u o -

0.05-

00  011 0 2  0.3 Q4 0,5 0,6 Q7 Ct8 0.9 1/) 1.1

current vetodly (rrVs)

Sediment characteristics: median grainsize (um) and mud content (%)
No term was included in the median grain size model, indicating no differentiation in 

the chance of occurrence of C. capitata based on median grain size. Both the linear and 
quadratic term were included in the mud model. The resulting response curve for mud showed 
a relatively high chance of occurrence in very muddy sediments, but also in sediments with a 
very low mud content a slight increase in chance of occurrence of C. capitata was observed.

Capitella Term Regression Standard error 02D-I
........nudccrlert (< 63prr)

capitata coefficient ------rveäargrareaBiprr)

present: 199
absent: 1303

intercept -1,8791 0,0761 0.10-

median - -

median2 - -

concordance - q o 6 -

present: 191
absent: 1195

intercept -1,3901 0,1138 a o o - -----»----- 1----- ------ 1----- »----- 1-------------1-------------1-------------1

mud -0,0455 0,0138 sedrreri characteristics
mud2 0,000398 0,000202
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Macrobenthos Schelde estuary

M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, the linear term for temporal 
salinity, the linear and the quadratic term for model salinity and the quadratic term for 
maximum ebb current velocity (maxeb) were included in the model (Table 3.3). The linear 
term of temporal salinity and the quadratic term of maximum ebb current velocity added most 
to the change of deviance in the model. The model with sediment characteristics performed 
slightly better, with the linear term of temporal salinity and mud content adding most to the 
change of deviance in the model.

Table 3.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.______________________________________________

Capitella
capitata

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 338 
absence: 2489

with sediment 
Presence: 169 

Absence: 1124

intercept 
Temporal salinity 

Model salinity 
Model salinity  ̂

Maxeb2

-7,7042
0,0683
0,4875

-0,0114
-0,8317

0,8370
0,0162
0,0778
0,0018
0,1577

Intercept 
Temporal salinity 

Model salinity 
Model salinity2 

Depth2 
Median 

Mud

-6,3986
0,0624
0,4684

-0,0101
0,00192

-0,00757
-0,0403

1,4484
0,0233
0,1287

0,00304
0,000586

0,00192
0,00952

concordance 67,1% concordance 72,8%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 80,9 % of the responses correctly (Table 3.4). However, only 20,1 % of the modelled 
(or predicted) presences were also actually observed in the field, which was the worst 
prediction of all models. When including sediment characteristics in the model, this 
percentage increased up to 29,6 %, still being a bad performance.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 3.4. Comparative statistics on the predicted and observed occurrence o f  Capitella 
capitata in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; Ao = Absent observed; Pm = 
Present predicted by the model; Am = Absent predicted by the model).

Capitella capitata (p=0,213)
(without sed im en t characteristics)

R e sp o n se Model %
O b served Pm Am Total Correct

Po 68  270 338 20,1
Ao 2 7 0  2219 2 4 8 9 8 9 ,2

Total 338  24 8 9 2 8 2 7 80 ,9

Difference betw een proportions
95%  Cl (normal approxim ation)

Fisher exact test: 1-tailed p <0.0001 (exact)

Capitella capitata (p=0,236)
(with sed im en t characteristics)

R e sp o n se Model %
O b served Pm Am Total correct

Po 50  119 169 2 9 ,6
Ao 119 1005 1124 89 ,4

Total 169 1124 1293 81 ,6

Difference betw een proportions
95%  Cl (normal approxim ation)

Fisher exact test: 1-tailed p | <0 .0001  (exact)
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ECOPROFILE o f  t h e  E d ib le  C o c k l e  C e r a s to d e r m a  e d u l e  

I n t r o d u c t i o n

The Edible Cockle Cerastoderma edule is a common bivalve mollusc species of 
estuarine and coastal waters. It is the second most common bivalve species in the Schelde 
estuary, after Macoma balthica. It is the most important suspension feeder in the Schelde 
estuary, and in the polyhaline intertidal zone C. edule is the dominant constituent of the total 
macrobenthic biomass (48% of the intertidal total biomass in salinity region 1 and 30% in 
salinity region 2).

A u t o -e c o l o g y

C e r a s t o d e r m a  e d u l e _____________________Mollusca. Bivalva
General

The Edible Cockle Cerastoderma edule is a common bivalve mollusc species of estuarine and coastal 
waters. C. edule lives always very shallow in the sediment, but there is an increase of depth with size and their 
burying depth in winter is deeper than in summer (ZWARTS &  WANNINK, 1989). C. edule is not evenly 
distributed, but occurs typically aggregated in beds, mainly in the intertidal zone.

The Cockle may play an important role in the estuarine and shallow coastal food webs (H e r m a n  et al., 
1999). When very abundant, this species can filter large amounts o f suspended matter (seston) in the water 
column (S m a a l  et al., 1986).

H a b it a  t  p r e f e r e n c e s
Salinity: C. edule is a euryhaline species which enters the estuary up to the mesohaline zone. The species 

is absent from the offshore parts of the North Sea and from those parts o f the estuaries with an average salinity 
below about 12 g Cl'/l at high tide or 10 g Cl /1 at low tide during normal river discharge (WOLFF, 1973). TEBBLE 
(1966) and MUUS (1967) also recorded 10-12 g Cl'/l as the lower limit o f occurrence. When C. edule is exposed 
to very low salinities (2-4 g Cl'/l) due to high river runoffs, massive mortality can occur.

Sediment type: C. edule occurs on a wide range of sediments. According to KRISTENSEN (1957) C. edule 
does not prefer a certain sediment type. WOLFF (1973) gives as range o f  occurrence a median grain size of 70- 
250 pm. D a n k e r s  &  B e u k e m a  (1981) gives as lower limit o f occurrence for German and Dutch Wadden Sea 
cockels a median grain size of 80-110 pm , and an optimum (highest biomass) between 110 and 200 pm. The 
large range of sediments inhabited by C. edule reflects that it is not influenced so much by the nature of the 
sediment, but mainly by the hydrodynamical conditions accompanying the sediment (WOLFF, 1973). The currents 
must not be so fast that the cockles are washed out, but fast enough to provide enough food and to prevent the 
deposition of a layer o f detritus.

Feeding
C. edule is a suspension feeder, ingesting large quantities o f  seston. L arge  concentrations o f  C. edule can  

reduce  locally seston concentrations in the w ater colum n, and the g razing  b y  benthic suspension feeders m ight 
effectively  contro l the phytoplankton in estuaries (e.g. H e r m a n  &  Sc h ö l t e n , 1990, H e r m a n  et al., 1999). An 
extensive literature ex ists on the feed ing  and selection m echanism s o f  suspension-feed ing  bivalves. T he physical 
resuspension o f  the bo ttom  sedim ents has a  significant effect on  the quan tity  and  quality  o f  the SPM  available to 
suspension-feeders. Suspension-feeders like C. edule are able to  com pensate  for reduction  in food quality and 
quantity  by m eans o f  physiological m echanism s w hich enhance the energy  gain  from  environm ents characterised by 
large fluctuations in the quantity and quality  o f  the seson (e.g. B a y n e  &  N e w e l l , 1983, S h u m w a y  et al., 1985, 
H a w k in s  et al., 1996). It has also  been dem onstrated  that filter-feeding b ivalves are ab le  to  com pensate for the 
d ilu tion  o f  the organic  fraction by the inorganic fraction  o f  the seston  by preferen tial ingestion  o f  organic particles 
from  the filtered m atter and selective rejection  o f  the inorganic m atter w ith in  the pseudofaeces, but d igestive 
efficiencies decrease w ith increasing SPM  concentrations (e.g. KI0RBOE &  M0HLENBERG, 1981; PRINS et al., 1991; 
Ig lesia s  et al., 1996; N a v a r r o  &  W id d o w s , 1997). As suspension feeder, C. edule w ill grow  less fast w hen 
inundation tim e is shorter (K ristensen, 1957; Sutherland, 1982).
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Population dynamics and life history
One (H a n c o c k  &  F r a n k l in , 1972) or two (Se e d  &  B r o w n , 1978) to six year old, C. edule spawns in 

late spring and summer. C. edule has a free spawning and external fertilization occurs in the water (Giese & 
Kanatani, 1987). After a pelagic life of ± 1 month, larvae settle passively on the tidal flats, mainly driven by the 
local hydrodynamic factors. Juvenile C. edule, just like Macoma balthica, might actively migrate by crawling and 
floating. Juvenile C. edule has a floating mechansim with one byssus thread (Y a n k s o n , 1986).

C. edule, just like M. arenaria, often have a good spatfall after severe winters (e.g. 1939,1947, 1979, 
1987) (B e u k e m a , 1979, 1982; D O r je s  et al., 1986). This might be a consequence o f  reduced predation by 
juvenile crabs (Carcinus maenas) and shrimps (Crangon crangon), which appear later in the season and with a 
lowered biomass after a severe winter (V e r w e u , 1981; B e u k e m a , 1991, 1992a; D u k e m a , 1992). Also the 
lowered predation by other benthic invertebrates, togehter with more ‘space’ after a severe winter, makes 
conditions more profitable for C. edule spatfall to settle and to grow. After mild winters the spatfall is negligible 
(B e u k e m a , 1992b).

T he  presence  o f  ad u lt ben th ic  suspension  feeders, like C. edule and  Mya arenaria, w hen p resen t in  h igh  
densities, m igh t s ign ifican tly  red u ce  settlem ent success o f  b ivalve la rv ae , and  hence m ay  lim it rec ru itm en t o f  new  
ind iv iduals (H a n c o c k , 1973; M ö l l e r , 1986; B a c h e l e t «í  al., 1991; A n d r é  &  R o s e n b e r g , 1991; A n d r é  et 
al., 1993). T h e  m echan ism  p ro p o sed  is th a t adu lts filter settling la rvae  o u t o f  the w ate r co lum n (W o o d in , 1976) 
o r that the adults th rough  b io tu rb a tio n  ham pers the settlem ent and  en h an ce  resuspension  o f  the larvae. GUILLOU 
&  T a r tu  (1994) m entions tw o c ritica l periods in  the  developm ent o f  th e  co ck le  ju v en ile s : one p e riod  w ith  a  h igh  
post-larval m orta lity  un til au tu m n  and  a second  period  o f  high m orta lity  in the w in ter until sp ring , p ro b ab ly  
caused  by  p red a tio n  by  c rab s . A lso  p aras ite  infestation  by h em ato d es  m ay  cause substan tia l m orta lity  in  ju v e n ile  
cock les (Jo n s s o n  &  A n d r é , 1992).

Biotic interactions
C. edule is an important part of the estuarine food chain. As a suspension feeder it might act as an 

important controller o f the phytoplankton in estuaries (e.g. H e r m a n  et al., 1999). Shrimps and crabs predate on 
the small, juvenile cockles (VERWEY, 1981). Shrimps prefer cockles < 2 mm (PlHL &  ROSENBERG, 1982); 
whereas crabs might consume large quantities of cockles up to 10-12 mm (Je n se n  &  J e n s e n , 1985; G u il l o u  &  
T a r t u , 1994).

Large adult C. edule, present in high densities, might negatively affect the occurrence of small 
macrobenthic species living in tubes near the surface of the sediments, such as Corophium volutator and C. 
arenarium (JENSEN, 1985; FLACH, 1994).
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CERASTODERMA EDULE 
occurrence

•presence (559) 
•absence (2553)

CERASTODERMA EDULE 
biomass (g AFDW/m2)

Figure 4.2. G eographical d istribu tion  m aps o f  C erastoderm a edule in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  m 2) da ta  (bottom ).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
C. edule is a typical species o f the polyhaline and polyhaline/m esohaline transition zone o f 

the Schelde estuary (salinity regions 1 and 2) (Table 4.1). In the ß-m esohaline zone (salinity 
region 4) the species is absent. C. edule was only frequently observed in the littoral zone.

M ean density and biom ass was highest in the littoral zone (Figure 4.1). The proportion 
biomass: density clearly indicated larger individual biom asses in salinity region 1 and very 
small individuals in salinity region 3. In the undeep subtidal much low er densities and 
biom asses are observed, and in the deep subtidal and the channel the species is nearly absent. 

The geographical distribution o f C. edule in the Schelde estuary is shown in Figure 4.2.

Table 4.1. O ccurrence (p /a) o f  C. edule along the salin ity and depth  gradien ts o f  the Schelde estuary. 
N  = num ber o f  observations (salin ity  regions: 1&2: polyhaline; 3& 4: mesohaline).

Ï 2  3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
C hannel

54 ,6  % (n=262) 
6 ,0 %  (n=151)
4,1 % (n=123) 
0 ,5  % (n=186)

46,1 % (n= 503)
2 ,0  % (n=153)
1,5 % (n=130) 
1 ,2 %  (n=173)

2 4 .3  % (n=485) 
8 .7 % (n = 1 2 7 )
4 ,5  % (n = 112)

10 .3  % (n=232)

1 % (n= 287) 
2 ,0 %  (n=51) 

0 % (n=67) 
0 % (n=70)

15

O)
0

!3 littoral ■ undeep subtidal □ deep subtidal □ channel

500
1  400
2  300 »
■ |  200
I  100 

0

¡3  littoral ■ undeep subtidal ndeep subtidal □ channel

r ■ :........1 1---------------------------------
4 - 1 i —
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Figure 4.1. Mean density (ind  m 2) and biom ass (g A F D W  m 2) o f  C. edule along the salin ity  and depth  
gradien t in the Schelde estuary (area: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
In all salinity regions C. edule was m ore frequently observed in autum n as com pared to 

spring (Table 4.2). This was m ost pronounced in the a-m esohaline zone (salinity region 3). In 
salinity region 4 C. edule was in both seasons nearly com pletely absent. Both density and 
biom ass were much higher in autum n as com pared to spring.

Table 4.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (presence/absence), 
density (ind m 2) and biom ass ( g A F D W  m 2) o f  C. edule in the litto ra l zone o f  the Schelde estuary  
(salinity regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re sen ce  Spring 39 ,2  % (n=97) 3 7 ,9  % (n =  169) 4,1 % (n=147) 0 ,0  % (n= 33)
Autumn 6 5 ,9 %  (n=135) 5 3 ,2 %  (n=218) 35 ,9  % (n=249) 1 ,4 %  (n= 214)

Density Spring 60 136 2 0
Autumn 652 843 2 7 0 1

B iom ass Spring 3 ,6 5,9 0 ,0 6 0
Autumn 18,8 11,1 0 ,5 7 0 ,0 0 0 4

30



Ecoprofile Cerastoderma edule

R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b i o t i c  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. C. edule 

showed a clear optimum in the polyhaline zone at a salinity of 25. Below a salinity of 20 psu 
there was a steep decline in chance of occurrence, and from a salinity of ± 10 psu the species 
became nearly absent. The model based on temporal salinity showed a somewhat higher 
probability of occurrence in the lower salinity region.

C. Edule Term Regression
coefficient

Standard error

present: 416
absent: 2696

intercept -6,4215 0,5781
Temporal salinity 0,4145 0,0581
Temporal salinity2 -0,00848 0,00140
Concordance 63,50%

Intercept -11,7787 1,1360
Model salinity 0,8450 0,1008
Model salinity2 -0,0169 0,00218
Concordance 66,20%

Q.

0 5 15 2D 2510 30
sEÉnty

Depth
Only the quadratic term was included in the depth model for C. edule. C. edule was a 

typical species of the intertidal zone, resulting in a steep decline in response towards the 
subtidal zone.

Regression coefficient Standard errorC. Edule Term

present: 361 
absent: 2513

Intercept
Depth
Depth2
Concordance

-0,8972 0,0722

-0,0494
78,30%

0,00462

cfepth(mbWP+2,5nt
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Maximum ebb and flood current velocities
Both the linear and quadratic terms were included in both current velocity models, 

resulting in a relatively narrow unimodal response curve with an optimum around 0,30-0,35 
m .s'1. Both low and high current velocities seemed not to be preferred by C. edule.

C. edule Term Regression coefficient Standard error

present: 401
absent: 2636

Intercept -3,7158 0,3832
maxeb 17,7640 2,0178
maxeb2 -25,4578 2,5168
Concordance 81,80%

Intercept -2,0575 0,2407
maxfl 9,7087 1,3833
maxfl2 -16,7715 1,8012
concordance 83,60%

m» flood

curent vëoaty(rrVs)

Sediment characteristics: median grainsize and mud content
Both the linear and quadratic terms were included in both the median grain size as the 

mud content models, resulting in a unimodal response curve with an optimum around 110 /im 
and 35% for median grain size and mud content respectively. However, the response curve 
was rather broad and C. edule seemed rather tolerant concerning median grain size and mud 
content. Only at very muddy and very coarse sediments, the chance of occurrence of C. edule 
is very low.

C. edule Term Regression coefficient Standard error Q4-] --- matan gan size tt/rf
— mjdœrtart (%<63//t)

present: 264 03.
absent: 1238

intercept -2,3111 0,3181 y  \
median 0,0246 0,00496 ex02' / \  \
median2 -0,00011 0,000018 1 /  \ \
concordance 68,50% • /  \

present: 259 at-
absent: 1127 \

intercept -2,0283 0,1225
mud 0,0744 0,0114 • i ■ i ■ « - i ■ i93 ICO 150 2D 233
mud2 -0,00106 0,000178 sedrrBrt charadertics
concordance 66,6%
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M u l t ip l e  s t e p w is e  l o g is t ic  r e g r e s s io n

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data. The overall model is significant at the .05 level 
according to the Model chi-square statistic.

In the regression model without sediment characteristics, both the linear as the 
quadratic term were included for all abiotic explanatory variables, except the linear term of 
maximum flood current velocity (Table 4.3). The linear term of maximum flood current 
velocity (but removed), model salinity and depht added most to the change of deviance in the 
model. The model with sediment characteristics had a similar performance, as indicated by the 
concordance, with the quadratic term of median grain size included in the model. The linear 
term of maximum flood current velocity and model salinity, and the quadratic term of median 
grain size added most to the change of deviance in this model.

Table 4.3. R esults f o r  the binary m ultiple log istic  regression m odel, w ithout an d  with sedim ent 
characteristics included, respectively.

C. edule Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment with sediment
presence: 352 Presence: 232
absence: 2475 Absence: 1061

intercept -13,2667 1,3940 Intercept -11,5229 1,5962
Temporal salinity 0,2972 0,0866 Temporal salinity 0,4338 0,1417

Temporal salinity* -0,00503 0,00241 Temporal salinity^ -0,0103 0,00422
Model salinity 0,6427 0,1435 Model salinity 0,6943 0,1907

Model salinity2 -0,0129 0,00339 Model salinity2 -0,0114 0,00493
Depth -0,3871 0,0637 Depth -0,1868 0,0652

Depth2 0,00696 0,00146 Maxfl -4,0737 0,6589
Maxeb 14,7480 2,7711 Median2 -0,00004 5.64E-6

Maxeb2 -18,4287 3,3607
Maxfl2 -4,0479 0,5995

concordance 93,0% concordance 92.0%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 90,0 % of the responses correctly (Table 4.4). 59,9 % of the modelled (or predicted) 
presences were also actually observed in the field. When including sediment characteristics in 
the model, this percentage increased up to 65,1 %. So the model performed better when the 
sediment characteristics were included in the model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 4.4. Comparative statistics on the predicted and observed occurrence o f  C. edule in the 
Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po -  Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model).

Cerastoderma edule (p=0,42)
(without sed im en t characteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 211 141 352 59,9
Ao 141 2334 2475 94,3

Total 352 2475 2827 90,0

Difference betw een  proportions 0,542
95%  Cl I -1 ,000  to 0 ,5 8 6  (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed  by model: Po<Ao)|

Cerastoderma edule (p=0,42)
(with sedim ent characteristics)

R e sp o n se
O b served

Model
Pm Am Total

%
correct

Po 151 81 232 65,1
Ao 81 980 1061 92,4

Total 232 1061 1293 87,5

Difference betw een  proportions 0,575
95%  Cl I -1,000 to 0,628 (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed  by model: Po<Ao)
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Ecoprofile Corophium arenarium

ECOPROFILE o f  C o ro p h iu m  a r e n a r i u m

I n t r o d u c t io n

Corophium arenarium was the second most common Corophiidae in the Schelde 
estuary, but is much less common as C. volutator. The geographical distribution was different 
from C. volutator, with C. arenarium occurring at higher salinities (the intertidal polyhaline 
and a-mesohaline zone). Density and biomass were in general very low and therefore its 
contribution to the total system biomass was very low.

A u t o -e c o l o g y

C o r o p h iu m  a r e n a r i u m Arthropoda, Amphipoda, Corophiidae
G eneral

see Corophium volutator

Habitat preferences
Salinity: C. arenarium has a larger tolerance for higher salinities as compared to C. volutator (M ills  &  

FISH, 1980). Juveniles of C. arenarium are less tolerant for long exposure to lower salinities then juveniles o f C. 
volutator. Therefore the upstream colonisation (brackish zone) by C. arenarium  is hampered.

Sediment type: In comparison to C. voluator, C. arenarium prefers more sandy sediments with less mud in 
it (M e a d o w s , 1964a,b ,c ; M e a d o w s  &  R e id , 1966; G a m b l e , 1970).

Feeding
C. arenarium is a surface deposit feeder (see C. volutator).

Population dynamics and life history
see Corophim volutator
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COROPHIUM ARENARIUM  
occurrence

COROPHIUM ARENARIUM  
density (N/m2)

t
15.000
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Figure 5.2. G eographical d istribu tion  m aps o f  Corophium  arenarium  in the Schelde estuary with  
presence/absence data  (top) and density  (ind m 2) da ta  (bottom ).
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O c c u r r e n c e  i n  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
C. arenarium was equally  present in the salinity regions 1 to 3, but was alm ost com pletely 

absent in salinity region 4 (Table 5.1). It was a typical species o f the littoral zone, being 
alm ost com pletely absent in the subtidal zone.

M ean biom ass and density  was highest in the littoral zone (Figure 5.1). H ow ever, both 
m ean density as m ean biom ass were very low, and the contribution o f C. arenarium  to total 
m acrobenthic biom ass and density  was therefore very low. The geographical distribution o f C. 
arenarium  in the Schelde estuary is shown in Figure 5.2.

Table 5.1. Occurrence (presence/absence) o f  C. arenarium along the salinity and depth gradients o f the Schelde 
estuary. N -  number o f  observations (salin ity regions: 1&2: polyhaline; 3& 4: m esohaline).

Ï 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
C hannel

2 4 ,0  % (n=262) 
0 ,7 %  'n=151 ) 
0 ,0  % (n=123) 
0 ,0  % (n=186)

16 ,3  % (n= 503) 
2 ,0 %  (n=153) 
0 ,0 %  (n=130) 
0 ,0 %  (n=173)

1 9 ,4 %  (n=485) 
0 ,8  % (n=127) 
0 ,9  % (n = 112)
1 ,3  % (n=232)

1,4 % (n= 287)
2 ,0  % (n=51 )
1,5 % (n=67) 
0 ,0  % (n=70)

□ littoral b  undeep subtidal ndeep subtidal Qchannel

a r e a

□ littoral Bundeep subtidal odeep subtidal □channel

Figure 5.1. M ean density  (ind  tri2) and biom ass (g AFD W  m 2) o f  C. arenarium  along the salin ity  and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline ; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
C. arenarium  was equally present in spring and autum n (Table 5.2). D ensity was in 

general higher in autum n as com pared to spring, with exception o f salinity region 2 where a 
slightly higher density was observed in spring. The ratio density:biom ass indicated larger 
individuals found in spring, and m ost probably more new recruits, being m uch sm aller, in 
sum m er.

Table 5.2. Spring (M ar - M ay) versus autumn (Aug - O ct) occurrence (presence/absence), density  (ind  
m 2) and biom ass (g A F D W  m 2) o f  the Cockle in the littora l zone o f  the Schelde estuary (salinity  
regions: 1&2: polyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P r e se n c e  Spring 2 2 ,7  % (n=97) 1 8 ,3 %  (n= 169) 1 7 ,0 %  (n=147) 0 ,0  % (n= 33)
Autumn 2 4 ,4 %  (n=135) 1 5 ,6 %  (n=218) 2 1 ,7  % (n=249) 0 ,9  % (n= 214)

D ensity Spring 201 197 163 0
Autumn 551 146 586 1,4

B iom ass Spring 0 ,0 6 5 0 ,0 4 9 0 ,0 6 6 0 ,0
Autumn 0 ,0 8 9 0 ,0 2 0 0 ,0 3 0 0,0001
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R espo nse  curves  fo r  a s in g le  a b io t ic  (expla nato r y)  v a r ia b le

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m"2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Only the linear term of temporal salinity was included in the model, whereas both the 

linear and quadratic term were included in the model salinity model. Based on model salinity, 
C. arenarium  showed an optimum in the polyhaline zone at a salinity around 25 psu. Below a 
salinity of 20 psu there was a steep decline in occurrence. The response curve based on 
temporal salinity showed a linear decrease in chance of occurrence from the polyhaline zone 
towards the meoshaline zone.

Corophium Term Regression Standard error
arenarium coefficient

present: 190 
absent: 2922

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

Intercept 
Model salinity 
Model salinity2 
Concordance

-3,3022
0,0296

53,90%

-6,3350
0,3200

-0,00654
50,20%

0,2203
0,0104

0,8704
0,0849

0,00199

model

3D5 10 15 2D 25 360
satority

Depth
Only the linear term of depth was included in the model. As C. arenarium was 

typically observed in the intertidal zone (see Table 5.1), a steep decreasing (sigmoidal) 
response was observed with increasing depth.

Term Regression Standard error 
coefficient

Corophium
arenarium

n a n .

present: 148 
absent: 2726 0 . 1 5 -

Intercept
Depth
depth2
Concordance

-1,1454
-0,5638

0,1397
0,0614 0 .10 .

83,00%
0.06 -

0,00 .

depth (m NAP ♦  2£m )
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Maximum ebb and flood current velocities (m .s1)
Only the quadratic term of maximum ebb current velocity was included in the model, 

whereas both the linear and quadratic terms were included in the maximum flood current 
velocity model. This resulted in a more or less unimodal response curve for maximum flood 
current velocity with an optimum around 0.25 m .s'1. Based on the maximum ebb current 
velocity, a sigmoidal decrease in response was observed with increasing current velocities.

Corophium Term 
arenarium

Regression
coefficient

Standard error

present: 178
absent: 2859

Intercept -1,3746 0,1164
Maxeb - -

Maxeb2 -5,1007 0,5257
Concordance 79,20%

Intercept -2,2320 0,2760
Maxfl 3,4138 1,4656
Maxfl2 -7,6230 1,6942
Concordance 76,50%

mateo

Sediment characteristics: median grainsize (um ) and mud content (%)
Both the linear and quadratic term were included in the median grain size model, 

whereas only the linear term was included in the mud content model. C. arenarium  clearly 
prefered relatively sandy sediments, showing a unimodal response curve for median grain size 
with an optimum at ± 160 /im. This is clearly in between the preference of C. volutator and 
Bathyporeia sps., which prefer more muddy and more sandy sediments respectively.

Corophium Term Regression Standard error
arenarium coefficient

present: 78 
absent: 1424

intercept
median
median2
concordance

present: 74 
absent: 1312

intercept
mud
mud2
concordance

-8,9815
0,0892

-0,00029
73,60%

-2,5604
- 0,0210

49,80%

1,3626 
0,0177 

0,000056

0,1468
0,00728

0.15  m jd contort (< 63 pm)
 medangran3ze(pm)

0.10 ■

o so 100 150 200 250 300

s e d m e r t  c h a ra c te r is tic s

o p  0,1 02  0,3 0,4 OP 0,6 0,7 0ß OP 1,0 1,1

cu rren t v eéo o ty  ( r r ts )
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M u l t ip l e  s t e p w i s e  l o g is t ic  r e g r e s s io n

Binary logistic regression model
A multiple stepwise logistic regression was run with all abiotic variables together. 

Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, only model salinity and depth 
(both the linear as the quadratic term) as maximum ebb current velocity (only linear term) 
were included in the regression model (Table 5.3), with the linear term of maximum ebb 
current velocity (but removed and again included afterwards), depth and model salinity adding 
most to the change in deviance. The model with sediment characteristics performed equally 
well, with median grain size (linear and quadratic term) and mud content (linear term only) 
included in the model. The linear term of maximum flood current velocity and mud content, 
and the quadratic term of median grain size added most to the change of deviance in this 
model.

Table 5.3. Results for the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Corophium
arenarium

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

Without sediment 
Presence: 144 
absence: 2683

with sediment 
Presence: 68 

Absence: 1225

Intercept 
Model salinity 

Model salinity  ̂
Depth 

Depth2 
Maxeb

-6,3340
0,5422

-0,0108
-0,7501
0,0122

-1,6721

1,0144
0,1058

0,00253
0,0992

0,00221
0,6448

Intercept 
Temporal salinity 

Depth 
Depth2 

Median 
Median2 

Mud

-5,5340
0,0799

-0,6590
0,0190
0,0564

-0,00019
-0,0571

2,0134
0,0251
0,1327

0,00559
0,0230

0,000067
0,0185

Concordance 87,3% concordance 85,1%

Percent correct predictions

The logistic regression model, without or with sediment characteristics, included, 
predicts overall 93 % of the responses correctly (Table 5.4). However, only 33,3 % of the 
modelled (or predicted) presences were also actually observed in the field. When including 
sediment characteristics in the model, this percentage was even lower (25,0 %).

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 5.4. C om parative statistics on the p red ic ted  and observed  occurrence o f  C orophium  arenarium  
in the Schelde estuary based  on the regression  m odels w ithout a n d  w ith sed im en t characteristics 
included, respectively. (Po  = Present observed; A o =  A bsent observed; Pm  =  P resen t p red ic ted  by 
the m odel; Am  = A bsen t pred ic ted  by the model).

Corophium arenarium
(p=0,22)
(without sed im en t characteristics)

R e sp o n se Model %
O b served Pm Am Total correct

Po 48 9 6 1 4 4 33 ,3
Ao 96 2 5 8 7 2 6 8 3 96 ,0

Total 144 2 6 8 3 2 8 2 7 93,1

Difference between proportions
95%  Cl

Fisher exact test: 1-tailed p I 
(observed by model: Po<Ao)

0 ,2 9 8
-1 ,0 0 0  to 0 ,3 6 2  (norm al approxim ation) 

<0.0001 (exact)

Corophium arenarium 
(p=0,23)
(with sed im en t characteristics)

R e sp o n se
O b served

Model
Pm Am Total

%
correct

Po 17 51 6 8 25 ,0
Ao 51 1 2 9 3 1 3 4 4 96 ,0

Total 68 1 3 4 4 1 4 1 2 92 ,8

Difference between proportions 0 ,2 1 2

Fisher exact test: 1-tailed p 
(observed by model: Po<Ao)

95%  Cl I -1 ,0 0 0  to 0 ,2 9 9  (normal approxim ation) 

<0.0001 (exact)
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ECO PRO FILE o f  C o ro p h iu m  v o l u t a t o r

In t r o d u c t io n

Corophium volutator was the most important Corophium species observed in the 
Schelde estuary and it was by far the most abundant species in the intertidal, ß-mesohaline 
zone of the estuary (± 40% of the total density observed). It also constituted 16% of the total 
biomass in this zone. In the a-mesohaline zone C. volutator was less dominant, but was still 
the third important species (15%) in terms of density.

A u t o -e c o l o g y

C o r o p h iu m  v o l u t a t o r  (P a l l a s , 1766) Arthropoda, Amphipoda, Corophiidae
General

C. volutator is a benthic amphipod, widely distributed in the shallow coastal areas of the North Temperate 
Zone. This euryhaline species inhabits U-shaped burrows in estuarine sediments and lives up to six cm deep, mainly 
in muddy or muddy-sandy sediments. As an important component in the estuarine food web, C. volutator is an 
important link, feeding on bacteria/diatoms, and in turn forming a major constituent in the diet of fish and waders.

Habitat preferences
Salinity: C. volutator tolerates a minimal salinity of about 2, showing experimentally a maximal growth 

rate in salinities 5-30 and a salinity preference range of 10-30 (McLUSKY, 1967; 1968a,b; 1970), with a clear 
influence o f temperature on the salinity tolerance ( M i l l s  &  F ish , 1980). Below a salinity of 5 C. volutator is 
scarce in the field, and breeding occurred only in salinities greater than 7.5 (McLUSKY, 1968a).

Sediment type: The preferred substratum of C. volutator is noted as mud (SEGERSTRALE, 1940), soft 
bottom (T h a m d r u p ,  1935), finer soils (W a tk in ,  1941), with a 37-38 % silt-clay content (G ee , 1961; M e a d o w s , 
1964a,b,c). C. volutator is relatively resistent to anaerobic conditions (GAMBLE, 1970).

Feeding
C. volutator is a selective surface deposit feeder, although suspension feeding and epipsammic browsing may 

also occur, feeding mainly on bacteria and epipelic diatoms. Food is collected by filtering particles from the current 
generated through the U-shaped burrow by the beating pleopods, or by using the antennae to scrape material into this 
current (M e a d o w s  &  R e id , 1966). For more detailed studies on the food selection by C. volutator see F e n c h e l  et 
al. (1975), N ie ls e n  &  K o f o e d  (1982), M i l l e r  (1984), M u r d o c h  et al. (1986), G e r d o l  &  H u g h e s  (1994a), and 
S m ith  et al. (19%).

Population dynamics and life history
In general, C. volutator is observed in low densities and biomasses in winter and spring, followed by a rapid 

increase in the summer period. Later in the year, densities and biomasses drop again to a winter level. In winter, 
density observed varies between studies and between study sites. McLUSKY (1968a) found in the Ythan estuary 
(UK) an overwintering population, characterized by low to very low densities, depending on the salinity; highest 
density was observed at the study site with a winter salinity > 10 psu (8000 ind.m'2), whereas at a winter salinity < 1 
psu, C. volutator was absent. PEER et al. (1986) found in the Bay o f Fundy (Canada) maximum overwintering 
densities of 3500 ind.m’2. However, in some stations C. volutator was totally absent during the winter which was 
attributed to severe ice scouring. MÜLLER &  ROSENBERG (1982) found on the west coast of Sweden a high variation 
in winter density, ranging from 0 to 12000 ind.m'2. Also here ice formation was the main cause for the absence of C. 
volutator. OMORI &  T a n a k a  (1984) observed relatively high densities during the winter months (23000-35000 
ind.m'2) but this was probably due to the relatively high winter temperatures. In summer, peak densities o f 25000- 
30000 ind.m-2 (McLUSKY, 1968; O la f s s o n  & PERSSON, 1986) up to 100000 ind.m72 ( G e r d o l  &  HUGHES, 1993) 
are observed, but mostly different (smaller) mesh sizes for sieving are used (often 0,5 mm).
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C. volutator is generally believed to be bivoltine,, with a long-lived overwintering generation and a short
lived spring-summer generation (WATKIN, 1941; FISH &  MILLS, 1979; G r a t t o , 1979; MÜLLER &  ROSENBERG, 
1982; P e e r , 1986; MEIßNER &  BiCK, 1997), although some studies record one (McLusky, 1968a) to four (Muus, 
1967; O m o r i &  T a n a k a , 1984) generations per year. The overwintering generation breeds from May to June, 
which give rise to a subsequent summer-breeding generation which reproduces between the beginning o f July and 
September. However, some studies record one to four generations per year.

C. volutator has, like all amphipods, no larval stage. Small amphipods hatch from eggs retained in a ventral 
thoracic brood pouch. Within the brood pouch four clearly defined stages can be recognized (PEER et al., 1986). 
The newly hatched amphipods remained in the brood pouch for 1-3 days according to HUGHES (1988) and up to five 
days according to FISH &  M ills (1979), but are able to move in or out at will. F ish  &  M ills (1979) estimated the 
time from copulation to the release of young being ± 14 days, while PEER et al. (1986) recorded 19 days between the 
observation o f the first gravid females and the first young. M ö l l e r  &  R o s e n b e r g  (1982) gives a hatching time of ± 
2 weeks for the first generation. C. volutator is known to have a semi-lunar rhythm of release of young (FISH & 
M ills , 1979). Also P e e r  (1986) observed the release of young occurring during the time of the highest tides 
associated with the full moon at perigree. After the escape from the brood pouch by the young, they remain in the 
parental burrow for a few hours before constructing their own burrow (H u g h e s , 1988). Based on these short 
laboratory observations, H u g h e s  (1988) concluded that there was no direct evidence that juveniles swim or crawl 
from the parental burrow immediately after release from the brood pouch.

Biotic interactions
JENSEN (1985) demonstrated that increasing densities of Cerastoderma edule negatively affected C. volutator 

densities by observing an increase in migration behaviour and a decrease in survival, growth and reproduction of C. 
volutator. In a series of experiments, COMMITO (1982) and AMBROSE (1 982 ,1984a,b) showed that Nereis virens had 
a negative impact on C. volutator and they attributed this impact to predation. High densities of Nereis diversicolor 
reduce the density of C. volutator, mainly through the effect o f  disturbance and not predation (OLAFSSON & 
PERSSON, 1986), although RÖNN et al. (1988) and BiCK & ARLT (1993) have shown that N. diversicolor, depending 
on its abundance, exercises predation pressure on C. volutator, simultaneously inducing its emigration. Cage 
experiments showed that the density of recruits of C. volutator was negatively affected by adult individuals of its 
own species, by C. arenarium, by Macoma balthica and by N. diversicolor (JENSEN, 1988; JENSEN & K r ist e n se n , 
1990). However, in recolonizing experiments F la ch  (1992) concluded that neither the presence o f M. balthica nor 
that of N. diversicolor significantly affected the abundance of C. volutator. A  strongly negative effect was found of 
C. edule when present in high densities, whereas A. marina negatively affected C. volutator abundances already at 
relatively low densities.

Population crashes of C. volutator are reported more than once. Parasite infestation is often mentioned as 
being the main cause for a suddenly dramatical decimation of the population in the summer period (Muus, 1967; 
OLAFSSON & PERSSON, 1986; L a u c k n e r , 1987; J en sen  &  M o u r it s e n , 1992; MEIßNER & BiCK, 1997). Also 
predation by waders can cause a tempory decrease of the numbers o f  C. volutator (P e e r  1986). R a ffa e l e i et al. 
(1991) observed a dramatical decline of C. volutator in the Ythan estuary throughout those parts of the estuary 
affected by macroalgal mats. Under a high biomass of weed, C. volutator disappeared almost completely.

Role of C. volutator in stabilisation of sediments
The presence of C. volutator may have significant impact on sediment topography, sediment stability and 

erosion/sedimentation processes (Re ise , 1978; M e a d o w s  et al., 1990; J en sen  & M ouRrrsEN, 1992). In the 
literature both stabilising as destabilising forces were ascribed for C. volutator. C. volutator may increase directly 
sediment stability by binding particles with the secretions used to construct their tubes or burrow walls 
(M ea d o w s  & T a it , 1989; M ea d o w s  et al., 1990). Indirectly, by grazing upon the benthic microalgae, species 
like C. volutator will negatively influence sediment stability (D a b o r n  et al., 1993; GERDOL &  HUGHES, 1994b).

Pelagic occurrence
C. volutator seemingly have little need to leave their burrow, except to find a mate, and in laboratory studies 

this has rarely been seen (HUGHES, 1988). FISH & MILLS (1979) found that as the tide ebbs, adult males emerge 
from the sediment and crawl across the mud surface, probably searching for burrows occupied by adult, receptive 
females.

C. volutator has been found in plankton samples, and the pelagic occurrence has been demonstrated both 
under laboratory conditions (HOLMSTRÖM & MORGAN, 1979, 1983a,b,c) and in situ observations (HUGHES, 1980; 
ESSINK et al., 1989; HUGHES & HORSFALL, 1990). Swimming behaviour of C. volutator was demonstrated to have a 
rhythmicity with circadian, semi-lunar and seasonal components, but with geographical DIFFERENCES (HUGHES & 
H or sfa ll , 1990).
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COROPHIUM  VOLUTATC 
occurrence

•presence (573) 
•absence (2539)

COROPHIUM  VOLUTATOR 
density (N/m2)

Figure 6.2. G eographical distribu tion  m aps o f  C orophium  volu ta tor in the Schelde estuary with  
presen ce/absen ce data  (top) and density ( ind m 2) da ta  (bottom ).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth

Corophium volutator showed a significant increase in occurrence from salinity region 1 
towards salinity region 4 (Table 6.1). In the ß-mesohaline zone (salinity region 4) the species 
occurred in 82% of all sampling occasions, being the most frequently observed species here.
In the subtidal zone, C. volutator was nearly absent, except for salinity region 4 were also 
subtidally this species occurred.

Mean density and biomass in the intertidal zone significantly increased towards salinity 
region 4 (Figure 6.1). In the subtidal zone density and biomass were very low in all salinity 
regions. The geographical distribution of C. volutator in the Schelde estuary is shown in 
Figure 6.2.

Table 6.1. Occurrence (p /a) o f  C. vo lu ta tor along the sa lin ity  and depth  gradien ts o f  the Schelde  
estuary. N  = num ber o f  observations (salin ity  regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

1 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
C hannel

7 ,6  % (n=262) 
2 ,0 %  'n=151 ) 
0 ,0  % (n=123) 
0 ,5  % (n=186)

1 3 ,3 %  (n= 503) 
3 ,3 %  (n=153) 
2 ,3  % (n=130) 
0 ,0 %  (n=173)

3 9 ,4  % (n=485) 
2 ,4 %  (n=127)
2 .7  % (n = 112)
1.7 % (n=232)

8 2 ,2  % (n= 287)  
1 3 ,7 %  (n=51) 
1 7 ,9 %  (n=67) 
2 5 ,7  % (n=70)

1.2 
M 1 '
I  0,8 •
Q  0 ,6  - 

<  0,4 
cri o ,2  ■ 

0 ■ Ï

□ littoral ■ undeep subtidal Qdeep subtidal q channel
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Figure 6.1. Mean density  ( ind n i2) and biom ass (g A F D W  m 2) o f  C. vo lu ta tor along the salin ity  and  
depth gradien t in the Schelde estuary (areas: 1&2: po lyhaline ; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
C. volutator occurred more in autumn samples as compared to spring samples (Table 6.2). 

Especially mean density and biomass were much higher in autumn.

Table 6.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (presence/absence), 
density  (ind mi2) and biom ass (g A F D W  n i2) o f  C. vo lu ta tor in the littora l zone o f  the Schelde estuary  
(salin ity  regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re sen ce  Spring 1 ,0  % (n=97) 13 ,0  % (n= 169) 2 7 ,9  % (n=147) 6 0 ,6  % (n= 33)
Autumn 1 3 ,3 %  (n=135) 15,1 % (n=218) 38 ,2  % (n=249) 8 3 ,6 %  (n= 214)

Density Spring 2 66 2 7 4 324
Autumn 41 321 3 1 4 3 4 9 6 4

B iom ass Spring 0 ,0 0 0 5 0 ,03 0 ,1 3 0 ,1 7
Autumn 0,01 0 ,06 0 ,5 7 1,05
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r i a b l e

A logistic regression model for binary (presence/absence) data was performed for each 
abiotic variable seperately. Only at densities > 50 ind m-2 or sampling occassions with more 
than one individual found, C. volutator was considered as being present.

Model salinity and temporal salinity
Only the quadratic term was included in the ‘temporal salinity’ model, whereas for 

model salinity only the linear term was included. The response of C. volutator to salinity was 
a relatively monotonic one, with an increasing chance of occurrence with decreasing salinity.

Corophium Term 
volutator

Regression
coefficient

Standard error

Present: 462
Absent: 2650

Intercept -0,2788 0,0842
Temporal salinity - -
Temporal salinity2 -0,00505 0,000308
Concordance 77,90%

Intercept 1,3865 0,1484
Model salinity -0,1766 0,00898
Model salinity2 - -

Concordance 80,10%

Depth
Both the linear and quadratic term were included in the depth model. However, the 

response showed a rather linear decrease in chance of occurrence of C. volutator with 
increasing depth.

Corophium
volutator

Term Regression Standard error 
coefficient

present: 411 
absent: 2463

03

Intercept
Depth
Depth2
Concordance

0,3489
-0,6970
0,0118

87,00%

0,1031
0,0434

0,000973

02

00 -

depth (m NAP+ 2£m)
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Maximum ebb and flood current velocities
Only the linear term was included in the maximum ebb current velocity model, 

whereas both the linear and quadratic term were included in the maximum flood current 
velocity model. However, more or less similar linear curves for maximum ebb and flood 
current velocity were observed, showing a high chance of occurrence at small current 
velocities and a gradual decreasing chance of occurrence with increasing current velocities.

Corophium Term 
volutator

Regression
coefficient

Standard error

Present: 429
absent: 2608

Intercept 0,4807 0,1212
Maxeb -4,4698 0,2593
Maxeb2 - -

Concordance 79,30%

Intercept 0.5384 0,1554
Maxfl -6,0559 0,6976
Maxfl2 1,8435 0,6076
Concordance 80,70%

 maxeb
max flood

ae-

05-

Q.
03-

ai-

ao  01 02 03 04  05 06 0,7 Ofi 09  1,0 1.1

current \«ioaty (rTVs)

Sediment characteristics: median grainsize and mud content
Only the linear term was included in the median grain size model, whereas in the mud 

content model both the linear and the quadratic term were included. This resulted in a 
sigmoidal curve for median grain size, showing a high chance of occurrence in muddy and 
very fine sand sediments (small /im  for median grain size), and an unimodal response curve 
for mud content, with an optimum at 55%, but with a relatively broad tolerance.

Corophium Term 
voluator

Regression
coefficient

Standard error

Present: 344
absent: 1158

Intercept 0,5151 0,1109
Median - -
median2 -0,00008 5.642E-6
Concordance 83,0%

present: 341
absent: 1045

Intercept -2,6872 0,1407
Mud 0,1171 0,0102
mud2 -0,00109 0,000137
Concordance 79,90%

 nudoortert (%c64/*n)
 medan gramsze (pm)

Q.
03-

250SO 150 2000 100

sedm ent characteristics
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M u l t ip l e  s t e p w is e  l o g is t ic  r e g r e s s io n

B in a r y  l o g is t ic  r e g r e s s i o n  m o d e l

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data. The overall model is significant at the .05 level 
according to the Model chi-square statistic.

In the regression model without sediment characteristics, both the linear as the 
quadratic term were included for model salinity and depth (Table 6.3). Also the linear term for 
maximum ebb current velocity was included. The linear term of model salinity, maximum ebb 
current velocity and depth added most to the change of deviance in this model.
The model with sediment characteristics performed equally, with the linear term of median 
grain size also included. The linear term of median grain size, maximum ebb current velocity 
and model salinity added most to the change of deviance in this model.

Table 6.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Corophium
volutator

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
Presence: 394 

Absence: 2433

Intercept 6,6438 0,6181

with sediment 
presence: 313 
absence: 1089

intercept 6,2743 1,5958
Model salinity -0,4245 0,0641 Model salinity -0,1884 0,1389

Model salinity2 0,00582 0,00176 Depth -0,4738 0,00413
Depth -0,4134 0,0456 Depth2 0,0145 0,00488

Depth2 0,00755 0,00111 Maxeb -3,3653 0,0569
Maxeb -3,2311 0,4195 Median -0,0111 0,6413

Concordance 92,5% concordance 92,7%

P e r c e n t  c o r r e c t  p r e d ic t io n s

The logistic regression model, without sediment characteristics, included, predicts 
overall 78,1 % of the responses correctly (Table 6.4). With 64,7 % of the modelled (or 
predicted) presences being also actually observed in the field the model performed very well. 
When including sediment characteristics in the model, this percentage decreased a little to 
56,3%.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 6.4. Comparative statistics on the predicted and observed occurrence o f  Corophium 
volutator in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; Ao = Absent observed; Pm = 
Present predicted by the model; Am  = Absent predicted by the model).

Corophium volutator (p=0,33) 
(without sed im en t characteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 255 139 3 9 4 6 4 ,7
Ao 139 2 2 9 4 2 4 3 3 9 4 ,3

Total 394 2 4 3 3 2 8 2 7 9 0 ,2

Difference betw een  proportions 0 ,590
95%  Cl I -1 ,000  to 0 ,6 3 0  (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(ob served  by model: Po<Ao)|

Corophium volutator (p=0,15)
(with sed im en t characteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 235 78 3 1 3 75,1
Ao 78 1011 1089 9 2 ,8

Total 313 10 8 9 1402 88 ,9

Difference betw een  proportions 0 ,452
95%  Cl I -1 ,000  to 0 ,5 0 0  (normal approxim ation)

1-tailed p I <0.0001 (exact)
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Ecoprofile Eteone longa

ECOPROFILE o f  E t e o n e  l o n g a

In t r o d u c t io n

Eteone longa is a regularly observed species in the intertidal, polyhaline and a - 
mesohaline zone of the Schelde estuary. Density and biomass are low and the contribution of 
E. longa to the overall macrobenthic density and biomass of the estuary is small.

A u t o -e c o l o g y

E t e o n e  l o n g a Annelida, Polychaeta
G eneral

Eteone longa is a North-Atlantic species that also is often observed in estuaries. Its vertical distribution goes
from the eulittoral up to a depth of 1700 m.

Habitat preferences
Salinity : E. longa is a N orth -A tlan tic  species w hich p e n e tra te s  th e  estuaries until about 10 g 0 7 1  a t high 

tide during average  river d isch arg e , w here it has to  w ithstand  p e rio d s  o f  low er salin ity  du ring  high riv e r d ischarge 
(W o l ff , 1973). Muus (1 9 6 7 ) a lso  observed  its m ain  d is trib u tio n  in  shallow  w ater in salin ities o v e r 10 g 0  /1.

Sediment type: According to most authors E. longa is observed in all kinds of sediments (SCHMIDT, 1951, 
MUUS, 1967, REINECK et al., 1 9 6 8 , ...). In the Delta area E. longa prefers fine and muddy, less well sorted sand 
( W o l f f ,  1973).

Feeding
E. longa is a predator, crawling on or just beneath the sediment surface (RASMUSSEN, 1973), looking for 

prey. E. longa predates on different species of Annelida. Known preys are Spio filicornis and Scolelepis 
squamata (B e h re n D S  &  MICHAELIS, 1977).

P opulation dyn am ics a n d  life  h istory
Shortly before spawning, E. longa performs a swimming behaviour at night and during high tide 

(H am m o n d , 1966). The pelagic spawning occurs from March to May ( H a r t m a n n - S c h r ö d e r ,  1971) and is 
induced by sudden increases in temperature (R a s m u s s e n , 1956). The pelagic, larval phase is very short 
( T h o r s o n ,  1946).
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ETEONE LO N G A  
occurrence

•presence (624)
absence (2488)

ETEONE LO N G A  
density (N/m2)

110.000

5.000
1.000

Figure 7.2. G eographical d istribu tion  m aps o f  Eteone longa in the Schelde estuary with  
presence/absence da ta  (top) and density  (ind tr i2) d a ta  (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth

E. lo n g a  occurred m ost in the intertidal zone o f salinity region 1, being present in half of 
the sam pling occassions (Table 7.1). In salinity region 2 and 3 this occurrence decreased to a 
40% , and in the ß-m esohaline zone (salinity region 4) the species was nearly absent. In the 
su b tid a l E. lo n g a  was only observed irregularly.

M ean biom ass and density  o f E. lo n g a  follow ed the same trend as the pattern of 
occurrence, with highest values in salinity region 1 (Figure 7.1). H ow ever, values were in 
general low and the contribution o f E. lo n g a  to the overall density and biom ass is therefore 
small. The geographical d istribution o f E. lo n g a  in the Schelde estuary is show n in Figure 7.2.

Table 7.1. O ccurrence (p /a) o f  E. longa along the salin ity  and depth  gradien ts o f  the Schelde estuary. 
N  = num ber o f  observations (sa lin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

i 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
Channel

5 2 ,3  % (n=262)
6 ,0  % ‘n = 151 )
4 ,9  % (n=123)
3 ,8  % (n=186)

3 7 ,2  % (n= 503)
5 .9  % (n=153)
6 ,2  % (n=130)
2 .9  % (n=173)

3 7 ,3  % (n=485) 
6 ,3 %  (n=127) 
8 ,0 %  (n = 112) 

1 6 ,8 %  (n=232)

4 ,5  % (n= 287)
2 ,0  % (n=51 ) 
4 ,5  % (n=67)
2 ,9  % (n=70)

o> 0, 05 -+-

□ littoral b  undeep subtidal Qdeep subtidal nchannel

250

1 2  3 4

area

[ b  littoral b  undeep subtidal ndeep subtidal □channel

Figure 7.1. M ean density  (ind n i2) and biom ass (g A F D W  n i2) o f  E. longa along the salin ity  and depth  
gradien t in the Schelde estuary (areas: 1&2: polyhaline zone; 3& 4: m esohaline zone).

Seasonal variations: Spring versus autumn occurrence
E. lo n g a  occurred m ore in autum n sam ples as com pared to spring sam ples, with a 10-20% 

higher occurrence (Table 7.2). T his was reflected in the m ean density, with a highest increase 
from  spring to autum n in salinity  region 3. How ever, m ean biom ass d id not show this trend, 
and especially in salinity region 1 higher biom ass values were observed in spring.

Table 7.2. Spring (M arch  - M ay) versus autumn (Augustus - O ctober) occurrence (presence/absence), 
density  (ind m'2) and biom ass (g A F D W  n i2) o f  E. longa in the littora l zone o f  the Schelde estuary  
(salin ity regions: 1&2: po lyh a lin e zone; 3& 4: m esohaline zone)

LITTORAL 1 2 3 4

P r e se n c e  Spring 4 2 ,3  % (n=97) 3 2 ,0 %  (n= 169) 21,1 % (n=147) 6,1 % (n= 33)
Autumn 6 1 ,5 %  (n=135) 4 2 ,2 %  (n=218) 4 1 ,8  % (n=249) 5,1 % (n= 214)

D ensity Spring 138 51 14 6
Autumn 2 6 9 117 175 3

B iom ass Spring 0,351 0 ,0 3 3 0 ,0 1 2 0 ,0 0 4
Autumn 0 ,1 6 8 0 ,0 3 9 0,061 0 ,0 0 2
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y )  v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m"2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. E. longa 

showed an optimum in the polyhaline zone at a salinity of 24. Below a salinity of 15 psu there 
was a steep decline in chance of occurrence, and from a salinity of ± 10 psu the species 
became nearly absent. The model based on temporal salinity showed a somewhat higher 
probability of occurrence in the lower salinity region.

Eteone
longa

Term Regression
coefficient

Standard error

present: 359 
absent: 2753

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-4,4046
0,2217

-0,00458
56,80%

0,4486
0,0482

0,00123

Intercept 
Model salinity 
Model salinity2 
Concordance

-7,5659
0,4934

-0,0102
58,90%

0,7858
0,0742

0,00170

m o d e l s a i n t y

Depth
Only the linear term of depth was included in the model. As E. longa was mostly 

observed in the intertidal zone (see Table 7.1), a decreasing (sigmoidal) response was 
observed with increasing depth.

Eteone Term Regression Standard error
longa coefficient

present: 308 
absent: 2566

intercept
depth
depth2
concordance

-0,6993
-0,3582

77,30%

0,0969
0,0292

035

Q.

0.06

depth (m NAP + 2,5m)
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Maximum ebb and flood current velocities
Both the linear and quadratic terms were included in both current velocity models, 

resulting in a unimodal response curve with an optimum around 0,30 m.s"1. Both at low and 
especially at high current velocities the chance of occurrence of E. longa decreased 
substantially.

Eteone Term 
longa

Regression
coefficient

Standard error

present: 347
absent: 2690

Intercept -2,2338 0,3016
Maxeb 7,6833 1,4740
Maxeb2 -12,4701 1,6913
Concordance 77,00%

Intercept -2,1425 0,2328
Maxfl 6,7511 1,1868
Maxfl2 -10,6249 1,3347
Concordance 78,70%

nan .

025

Q.

006-

ooo-
00 01 02 03 04 05 06 07 08 09 1/) 1.1

curren \*toaty(mfc)

Sediment characteristics: median grainsize and mud content
Both the linear and quadratic terms were included in the median grain size model, 

whereas in the mud content model no terms were included. This resulted in a unimodal 
response curve for median grain size with an optimum around 125 /xm, but with a similar 
tolerance in the range 75-175 /xm. In finer and coarser sediments, the chance of occurrence of 
E. longa is very low.

Eteone Term Regression Standard error
longa coefficient

present: 221
absent: 1281

intercept -3,0924 0,3747
median 0,0319 0,00570
median2 -0,00013 0,00002
concordance 69,2%

present: 213
absent: 1173

intercept -1,7060 0,0745
mud - -

mud2 • -

concordance -

mud content (< 63 ptr\)
 medangransze(un)

100 150o so 200 250 300

sedmant cteractehsöcs
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M u l t ip l e  s t e p w i s e  l o g is t ic  r e g r e s s i o n

Binary logistic regression model
A multiple stepwise logistic regression was run with all abiotic variables together. 

Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and/or quadratic terms 
were included for all abiotic explanatory variables (Table 7.3). The linear term of maximum 
flood current velocity, model salinity and depth added most to the change of deviance in the 
model. The model with sediment characteristics had a similar performance, as indicated by the 
concordance, with the linear and quadratic term of median grain also size included in the 
model. The quadratic term of maximum flood current velocity and the linear term of temporal 
salinity added most to the change of deviance in this model.

Table 7.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Eteone
longa

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 301 

absence: 2526

Intercept -7,4407 0,8847

with sediment 
presence: 197 
absence: 1205

Intercept -8,2733 1,0778
Temporal salinity 0,0628 0,0173 Temporal salinity 0,0651 0,0213

Model salinity 0,5041 0,0843 Model salinity 0,3650 0,1389
Model salinity2 -0,0112 0,00201 Model salinity2 -0,00800 0,00274

Depth -0,3861 0,0563 Depth -0,2229 0,0625
Depth2 0,00663 0,00131 Maxfl 9,6220 2,3346

Maxeb2 -1,2397 1,5509 Maxfl2 -12,2741 2,6998
Maxfl 4,9387 1,4632 Median 0,0212 0,00653

Maxfl2 -6,0626 1,5509 Median2 -0,00008 0,000021

concordance 87,0% concordance 85,7%

Percent correct predictions

The logistic regression model, without or with sediment characteristics, included, 
predicts overall 87,5 % of the responses correctly (Table 7.4). However, only 41,5 % of the 
modelled (or predicted) presences were also actually observed in the field. When including 
sediment characteristics in the model, this percentage was similar (41,1 %).

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 7.4. C om parative sta tis tic s  on the p red ic ted  and observed  occurrence o f  E teone longa in the 
Schelde estuary b a sed  on the regression  m odels w ithout and with sedim en t characteristics included, 
respectively. (Po  = P resen t o bserved ; A o  = A bsent observed; Pm  =  Present p red ic ted  by the m odel; 
Am  = A bsen t p red ic ted  b y  the m odel).

Eteone longa (p=0,334)
(without sed im en t characteristics)

R e sp o n se Model %
O b served Pm Am Total correct

Po 125 176 301 4 1 ,5
Ao 176 2 3 5 0 2 5 2 6 93

Total 301 2 5 2 6 2 8 2 7 8 7 ,5

Difference betw een proportions
95%  Cl

Fisher exact test: 1-tailed p 
(observed by m odel: Po<Ao)

0 ,346
-1 ,000  to 0 ,3 9 3  (normal approximation) 

<0.0001 (exact)

Eteone longa (p=0,38)
(with sed im ent characteristics)

R e sp o n se Model %
O b served Pm Am Total correct

Po 81 116 197 41,1
Ao 116 1008 1124 8 9 ,7

Total 197 1124 1321 82 ,4

Difference betw een proportions 0 ,3 0 8
95%  Cl -1 ,0 0 0  to 0 ,3 6 8  (normal approximation)

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed by model: Po<Ao)
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ECO PR O FILE o f  H e te r o m a s tu s  f i l i f o r m i s

In t r o d u c t io n

Heteromastus filiformis is the most common species in the Schelde estuary, being 
observed in all salinity regions and all depth strata. It is the most important annelid species in 
the estuary, contributing substantially to both the overall macrobenthic density and biomass in 
the intertidal zone of all salinity regions.

A u t o -e c o l o g y

H e t e r o m a s t u s  f i l i f o r m i s  Annelida. Polychaeta
General

Heteromastus filiformis is known as a cosmopolita and opportunistic species, often very dominant in marine 
benthic communities (R o s e n b e r g ,  1972; B o e s h  et al., 1976; S h a f f e r ,  1983). The species is observed from the 
eulittoral up to 1000 m ( H a r t m a n  &  F a u c h a l d ,  1971), but with a clear preference for the intertidal zone. In the 
eighties H. filiformis showed a remarkable increase in the Dutch and German Wadden Sea, which was related to an 
increase in eutrophication of the area (DÖRJES et al., 1986; B e u k e m a , 1989). Therefore, H. filiformis is often 
considered as an indicator for organic pollution.

Habitat preferences
Salinity: H. filiformis is able to withstand low salinities. The limit o f its occurrence is about the isohaline 

of 3 g Cl /1 at high tide during average river discharge (WOLFF, 1973), but it becomes rarer already beyond the 
isohaline of 10 g Cl'/l under similar conditions ( W o l f f ,  1973). MUUS (1 9 6 7 ) also observed the species less 
frequently at salinities below 10 g Cl'/l.

Sediment type: H. filiformis prefers less well sorted, muddy sediments, but also the species occurs 
regularly in fine and median sands (WOLFF, 1973, CADÉE, 1979).

Feeding
H. filiformis is a non selective deposit feeder (MUUS, 1967). RHOADS (1974) describes H. filiformis as a 

‘conveyer-belt feeder’. They feed ‘head-down’ at a certain depth beneath the sediment surface and the faeces are 
deposited at the sediment surface (CADÉE, 1979). H. filiformis is a well known prey of Nephtys hombergii 
(B e u k e m a , 1987).

Population dynamics and life history
Spawning occurs in spring. Larvae are pelagic. Of the juveniles appearing in spring, only half are 

sexually mature the next winter and are therefore capable to reproduce in their first year o f life (SHAFFER, 1983). 
The other half only reproduce in spring o f  their second year of life. H. filiformis reproduces only once and dies 
most of the time shortly after spawning ( B u c h a n a n  &  W a rw ic k , 1974).
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HETEROMASTUS FILIFORMIS 
occurrence

•presence(1801) 
•absence (1311)

HETEROMASTUS FILIFORMIS 
biomass (g AFDW/m2)

f#30 
•  6

Figure 8.2. G eographical d istribution  m aps o f  H eterom astus filifo rm is in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  m 2) data  (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth

H. filiformis was the m ost observed species in the Schelde estuary, being com m only 
present in all salinity regions and all depth strata (Table 8.1). The highest frequencies of 
occurrence are observed in the intertidal zones o f all salinity regions.

M ean biom ass and m ean density were significantly higher in the intertidal zone (Figure 
8.1), contributing substantially  to both the overall m acrobenthic density and biom ass in the 
intertidal zone o f all salinity regions. The geographical d istribution o f H. filiformis in the 
Schelde estuary is show n in Figure 8.2.

Table 8.1. O ccurrence (p /a) o f  H. filiform is along the sa lin ity and depth  gradien ts o f  the Schelde 
estuary. N  = num ber o f  observa tion s (salin ity  regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

Ï 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
C hannel

6 7 ,2  % (n=262)
2 9 ,8  % 'n=151 )
17,1 % (n=123)
2 0 ,4  % (n=186)

8 6 ,5  % (n= 503)
3 9 ,2  % (n=153) 
4 4 ,6 %  (n=130) 
4 3 ,4 %  (n=173)

75 ,9  % (n=485) 
5 3 ,5 %  (n=127)
56 ,3  % (n = 1 12)
4 6 ,6  % (n=232)

6 8 ,3  % (n= 287)  
3 7 ,3 %  (n=51)
55 ,2  % (n=67)
48 ,6  % (n=70)

area

H littoral ■ undeep subtidal Qdeep subtidal □ channel

8000

2* 4000

a  2000

0
1 2 3 4
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□ littoral b  undeep subtidal Qdeep subtidal ochannel

Figure 8.1. M ean density  ( ind m 2) and biom ass (g A F D W m '2) o f  H. filifo rm is along the salin ity  and  
depth gradien t in the Schelde estuary (areas: 1&2: po lyhaline ; 3& 4: m esohaline).

Seasonal variations: spring versus autum n occurrence
Spring and autum n occurrence were com parable in the polyhaline zone (salinity regions 1 

and 2) and the a-m esohaline zone (salinity region 3) (Table 8.2). In the ß-m esohaline zone the 
species was less frequently observed in spring, probably due to the low er salinity conditions 
during this period. Both density and biom ass were m uch higher in autum n as com pared to 
spring.

Table 8.2. Spring (M arch  - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density (ind  
tr i2) and biom ass (g A F D W  m 2) o f  FI. filiform is in the littora l zone o f  the Schelde estuary (salinity  
regions: 1&2: polyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re sen ce  Spring 6 5 ,0  % (n=97) 8 4 ,0 %  (n= 169) 6 9 ,4 %  (n=147) 33 ,3  % (n= 33)
Autumn 6 6 ,7 %  (n=135) 8 3 ,0 %  (n=218) 7 5 ,9  % (n=249) 79 ,0  % (n= 214)

D ensity Spring 9 8 5 29 5 7 1448 253
Autumn 24 6 2 71 7 7 3 1 8 3 2066

B iom ass Spring 1,81 3 ,06 0 ,8 3 0,41
Autumn 4 ,0 2 5 ,37 2 ,8 5 1,60

69



Macrobenthos Schelde estuary

R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b i o t i c  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. This resulted 

in unimodal response curves for H. filiform is , however with a very broad tolerance, indicating 
a high probability of occurrence along the complete salinity gradient. This is in accordance 
with Table 8.1. The response curve based on the model for temporal salinity was somewhat 
broader; especially towards the lower salinities there was a higher probability of occurrence as 
compared to the curve based on the model for model salinity. This was probably the result of 
H. filiformis being observed at high frequencies, not only in autumn, but also in spring, when 
in general lower (temporal) salinities are observed (Table 8.2).

Heteromastus
filiformis

Term Regression
coefficient

Standard error

Present: 1333 
absent: 1779

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-0,8323
0,1310

-0,00476
59,20%

0,1935
0,0237

0,000665

Intercept 
Model salinity 
Model salinity2 
Concordance

-2,4277
0,2869

-0,00799
59,20%

0,2879
0,0317

0,00081
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Both the linear and quadratic term was included in the depth model for H. filiformis. 

However, no unimodal response curve was obtained, but it can be concluded that the chance 
of occurrence of H. filiformis was highest in the intertidal zone, but also in the subtidal zone 
the species could be observed, although less frequently.

Heteromastus
filiformis

Term Regression
coefficient

Standard error

Present: 1190 
absent: 1684

Intercept 1,1226 0,0781
Depth -0,3303 0,0183
depth2 0,00811 0,000698
Concordance 75,30%

2010 15 25 500 5

depth (mNûf>+2.5 rrt

 temporal safcrity
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Maximum ebb and flood current velocities (m.s~‘)
Only the linear term was included in both current velocity models. This resulted in 

more or less similar sigmoidal response curves for both models with a decrease in chance of 
occurrence with increasing current velocities, but with a broad tolerance up to 0.4-0.5 m.s'1. 
At higher current velocities, a linear decrease in chance of occurrence was noticed.

Heteromastus Term Regression Standard error
filiformis coefficient

Present: 1293 
absent: 1744

Intercept 0,9316 0,0645
Maxeb - -

Maxeb2 -2,7518 0,1299
Concordance 75,40%

Intercept 0,8926 0,0611
Maxfl - -

Maxfl2 -2,4952 0,1122
Concordance 76,80%

075
0,70 ----- maceb
ojas max Hood

O ff)
055
O ff) \
0 «
040

ex 036
030 V
025 \ .
020
015 \
010
005

p  01 02 03  04 05 06 07 08 09 10 1.1

c u rre n  vetadty(nrs)

Sediment characteristics: median grainsize (um)  and mud content (%)
Only the linear term was included in the median grain size model, whereas in the mud 

content model both the linear and the quadratic term were included. This resulted in a linear 
curve for median grain size, showing a high chance of occurrence in muddy and very fine sand 
sediments (small ¿im for median grain size), and an unimodal response curve for mud content, 
with an optimum at 45%, but with a very broad tolerance.

Heteromastus Term Regression Standard error
filiformis coefficient

present: 777 
absent: 725

present: 744 
absent: 642

intercept
median
median2
concordance

intercept
mud
mud2
concordance

1,6892
-0,00984

71,40%

-0,6586
0,0919

-0,00104
70,90%

0,1366
0,000765

0,0877
0,00917

0,000129

 mjdccrtfirt (<64//n)
 mecían çjcmsze (um)
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M u l t ip l e  s t e p w is e  l o g is t ic  r e g r e s s io n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, both the linear as the 
quadratic term were included for all abiotic explanatory variables, except the linear term of 
maximum flood current velocity (Table 8.3), with the linear term of maximum flood current 
velocity (maxfl) adding most to the change in deviance of the model (but removed). The 
model with sediment characteristics had a better performance, as indicated by the 
concordance, with the quadratic term of median grain size included in the model. The linear 
terms of maximum flood current velocity (but removed), depth, median and model salinity 
added most to the change of deviance in this model.

Table 8.3. Results for the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively._____________________________________________

Heteromastus Term 
filiformis

Regression
coefficient

Standard
error

Term Regressio
n

coefficient

Standard
error

without sediment with sediment
presence: 1164 Presence: 686
absence: 1663 Absence: 607

intercept -2,2298 0,3763 Intercept -7,5618 1,0637
Temporal salinity 0,1147 0,0334 Temporal salinity 0,3599 0,0686

Temporal salinity* -0,00426 0,00105 Temporal salinity2 -0,0129 0,00230
Model salinity 0,3433 0,0471 Model salinity 0,4851 0,1009

Model salinity® -0,00845 0,00131 Model salinity2 -0,00845 0,00286
Depth -0,1261 0,0238 Depth -0,2340 0,0494

Depth2 0,00448 0,000796 Depth2 0,00732 0,00186
Maxeb2 -0,7335 0,2175 Maxeb 7,7127 1,3858

Maxfl2 -1,7250 0,1794 Maxeb2 -4,9373 1,0796
Maxfl -2,9286 0,4725

Median -0,00552 0,00205
Mud 0,1073 0,0181

Mud2 -0,00114 0,000219

concordance 82,3% concordance 89,2%

Percent correct predictions
The logistic regression model, without sediment characteristics, included, predicts 

overall 90,0 % of the responses correctly (Table 8.4). 69,9 % of the modelled (or predicted) 
presences were also actually observed in the field, indicating a good performance of the 
model. When including sediment characteristics in the model, this percentage increased up to
82,5 %, indicating a very good performance of the model. So the model performed better 
when the sediment characteristics were included in the model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 8.4. Comparative statistics on the predicted and observed occurrence ofH.  filiformis in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am = Absent predicted by the model).

H eterom astus filiformis (p=0,505)
(without sed im en t ch aracteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 814 3 5 0 1164 6 9 ,9
Ao 350 13 1 3 1663 8 0

Total 1164 16 6 3 2 8 2 7 7 5 ,2

Difference between proportions 0 ,4 8 9

Fisher exact test: 1-tailed p 
(observed by model: Po<Ao)

95%  Cl I -1 ,000  to 0 ,5 1 6  (norm al approximation) 

<0.0001 (exact)

H eterom astus filiform is (p=0,56)
(with sed im en t ch aracteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 566 120 686 8 2 ,5
Ao 120 4 8 7 607 8 0 ,2

Total 686 6 0 7 1293 8 1 ,4

Difference between proportions 0 ,6 2 7

Fisher exact test: 1-tailed p 
(observed by model: Po<Ao)

95%  Cl I -1 ,000  to 0 ,6 6 3  (normal approximation) 

<0.0001 (exact)
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ECOPROFILE o f  H y d r o b ia  u l v a e

In t r o d u c t io n

Hydrobia ulvae is the most common observed gastropod on soft sediments in the 
Schelde estuary. Locally this species can reach very high densities, and in salinity region 2 H. 
ulvae makes up about 10% of the total intertidal density. Biomass values were low and 
therefore the contribution to the overall macrobenthic biomass in the Schelde estuary is small.

AUTO-ECOLOGY
H yd ro b ia  ULVAE (Pennant, 1777)____________Mollusca. Gastropoda
General

The prosobranch Hydrobia ulvae is a widely distributed inhabitant of the intertidal zone of lagoons and estuaries 
throughout Europe and other geographical regions (G r a h a m , 1988). H. ulvae often demonstrates a typically cyclic 
behaviour o f crawling, digging in, and floating (by means of a mucous raft). NEWELL (1962) interpreted this 
behaviour as a way of exploiting food just under the sediment surface, whereas Sc h ä f e r  (1972) and B a r n es  
(1981c) rather interpreted this behaviour as a protection against desiccation and predation. Many authors interpret 
the floating behaviour as a mechanism for active dispersion (NEWELL, 1962; ANDERSON, 1971; LEVENTlON, 1979). 
B arnes (1981a,b,c) AND L ittle & Ndc (1970) could not observe any cyclic floating behaviour. According to 
B a rnes  ( 1981c ) only a very small part o f the population (1%), and probably only accidentally, will disperse by 
floating during each tide. Sediment transport through currents and wave action has a much larger impact on the 
dispersion o f H . ulvae then the floating behaviour (SiEGlSMUND & H y lleberg , 1987). L a ppa la in en  (1979) 
ascribed a decrease in H. ulvae in an undeep area o f the Baltic Sea to a change (increase) in water movements in the 
area.
Habitai preferences

Salinity: H. ulvae is a marine species penetrating into the brackish part of the estuaries until a salinity of 10 g 
Cl /1 at high tide during average river discharge or about 3 g Cl'/l during high river discharges (WOLFF, 1973). 
N ew ell  (1964) observed experimentally a salinity o f about 3,5 g Cl’/l as the lower limit o f the physiological 
tolerance o f H. ulvae. In the Baltic Sea MUUS (1967) observed a lower salinity tolerance o f 5-6 g Cl'/l. Towards 
the North Sea, however, H . ulvae most probably is limited by the increased water movements at the exposed 
shores (WOLFF, 1973)

Sediment type: H. ulvae seems to be rather indifferent about the nature of the substratum, but seems more 
influenced by the water movements (currents, waves). As a result, H. ulvae is most often observed in fine 
(B a r n es  &  G r e e n w o o d , 1978) or muddy sediments (N e w e l l , 1962; C h a t fie l d , 1972; W o l f f , 1973). H. 
ulvae is also often observed in hughe densities in seagrass meadows and saltmarshes._________________________
Feeding

H. ulvae is both a deposit feeder (FENCHEL &  KOFOED, 1971) as a grazer (LOPEZ &  KOPOED, 1980), which 
mainly feeds on benthic diatoms and to a certain extent also on bacteria (NEWELL, 1965; HYLLEBERG & RlIS- 
VESTERGAARD, 1984). H. ulvae grazes on the sediment surface by means of its proboscis.

Population dynamics and life history
Reproduction occurs, like with all prosobranch Mollusca, through copulation after which the fertilised eggs 

are deposited by the female on the shells o f the own species, but also on dead shells, sand grains and green 
macroalgae (A n d e r s o n , 1971; F ish  &  F is h , 1974; B a c h e l e t  &  Y accme-K a s s a b , 1987). Egg capsules are 
deposited whole year round, with the most important period being April-July. H. ulvae is the only species from 
the Hydrobiidae which have pelagic larvae (H y l l e b e r g , 1986). However, the nature of the larvae, that may be 
non-planktotrophic, planktonic and lecithotrophic, or planktotrophic (Barnes, 1988) and the life in the plankton, 
that could last from only some hours or some days (T h o r s o n , 1946; PlLKlNGTON, 1971) to several weeks (Fish 
& Fish, 1977), are especially controversial. Once settled, they can be transported again through passive migration 
(e.g. currents, waves) to other areas (SiEGlSMUND &  HYLLEBERG, 1987). Other studies reveal that the length of 
larval life or the reproductive strategy of the species could be environmentally induced (B a r n e s , 1988, 1990, 
1994). For more details on the population dynamics of H. ulvae see e.g. B ar n es  (1988,1990,1994) and SOLA 
(19%).

Parasite infestation is often mentioned as being responsible for changes in the behaviour o f H. ulvae 
(M dmchella, 1985; H u x h a m  et  a l ., 1995); trematodes may also infect the gonads and other glands, thus 
originating a special morphology and an abnormal increase in the size of the snail (MOURITSEN &  J e n se n , 1994; 
HUXHAM ET a l ., 1995; So l a , 1996). This infestation may result in a dramatical decimation of the population in the 
summer period (JENSEN &  MOURITSEN, 1992)._____________________________________________________________
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HYDROBIA ULVAE 
occurrence

•presence (783)
absence (2329)

HYDROBIA ULVAE 
density (N/m2)

17.000

9  13.500 
© 2.700

Figure 9.2. G eographical d istribu tion  m aps o f  H ydrobia  ulvae in the Schelde estuary with 
presence/absence data  (top) and density  (ind m 2) da ta  (bottom ).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y  

General occurrence in relation to salinity and depth

H. ulvae was commonly observed in the intertidal zone of all salinity regions (Table 9.1), 
but clearly preferred the polyhaline/mesohaline transition zone (salinity regions 2 and 3). In 
this zone also subtidally the species was observed, although not common.

Mean biomass and mean density of H. ulvae were highest in salinity region 2 (Figure 9.1), 
making up in this zone about 10% of the total intertidal density. Biomass values were low and 
therefore the contribution to the overall macrobenthic biomass in the Schelde estuary is small. 
The geographical distribution of H. ulvae in the Schelde estuary is shown in Figure 9.2.

Table 9.1. O ccurrence (p /a) o fH . ulvae along the salin ity  and depth  gradien ts o f  the Schelde estuary.
N  = num ber o f  observations (sa lin ity  regions: 1 &2: polyhaline; 3& 4: m esohaline).

_ _ _ _

Littoral
und eep  subtidal 
d eep  subtidal 
channel

3 4 ,7  % (n=262)
2 ,0  % ’n =151)  
0 ,0 %  (n=123)  
0 ,5 %  (n—186)

6 6 ,0  % (n= 503)
4 .6  % (n=153)
4 .6  % (n=130)
4,1 % (n=173)

44,1 % (n=485) 
6 ,3 %  (n=127) 
8 ,0 %  (n= 112) 
6 ,9  % (n=232)

30 ,0  % (n= 287)
2 ,0  % (n=51)
1,5 % (n=67)
1,4 % (n=70)

0,5

S ° '4
5  0,3
£ 0,2 
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o> 0,1
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Figure 9.1 Mean density ( ind n i2) and biomass (g AFDW in 2) o f  Hydrobia ulvae along the salinity and depth 
gradient in the Schelde estuary (sa lin ity  regions: 1&2: po lyhaline zone; 3& 4: m esohaline zone).

Seasonal variations: spring versus autumn occurrence
Spring and autumn occurrence were comparable in the polyhaline zone (salinity regions 1 

and 2) and the a-mesohaline zone (salinity region 3) (Table 9.2). In the ß-mesohaline zone the 
species was less frequently observed in spring, probably due to the lower salinity conditions 
during this period. Both density and biomass doubled more or less in autumn as compared to 
spring.

Table 9.2. Spring (March - May) versus autumn (Augustus - October) occurrence (presence/absence), density 
(ind n i2) and biomass (g AFDW tri2) o f  Hydrobia ulvae in the littoral zone o f the Schelde estuary (salin ity  
regions: 1&2: polyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P re sen ce  Spring 3 4 ,0  % (n=97) 6 3 ,3 %  (n= 169) 3 6 ,7 %  (n=147) 12,1 % (n= 33)
Autumn 3 2 ,6 %  (n=135) 60,1 % (n=218) 4 7 ,0  % (n=249) 3 6 ,0 %  (n= 214)

D ensity Spring 23 5 1024 2 1 6 8
Autumn 31 5 1832 3 7 5 45

B iom ass Spring 0 ,0 9 9 3 0 ,3 4 9 3 0 ,0 5 3 9 0 ,0 0 1 5
Autumn 0 ,1 4 5 3 0 ,6 8 6 2 0 ,0 8 4 5 0,0091
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal response curves for both models. An optimum is observed in the poly/mesphaline 
zone, being around 17 psu and 21 psu for - ‘temporal salinity’ and ‘model salinity’ 
respectively. The ‘model salinity’ model showed a more narrow tolerance with an optimum 
which shifted towards a higher salinity as compared to the ‘temporal salinity’ model. The 
‘temporal salinity’ model showed a much broader response curve, extending more into the 
mesohaline zone. This difference in response was probably the result of the lower salinities 
occurring in winter and spring in the poly-/mesohaline zone (when H. ulvae was also 
frequently observed, see Table 9.2), which were dedected with the ‘temporal salinity’ model 
(see Material & Methods), and not with the ‘model salinity’ model, since this model does not 
take into account seasonal variations of salinity.

Hydrobia
ulvae

Term Regression
coefficient

Standard error

present: 603 
absent: 2509

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-3,5035
0,2279

-0,00785
58,70%

0,3146
0,0366

0,000995

Intercept 
Model salinity 
Model salinity2 
Concordance

-7,6278
0,6499

-0,0155
69,10%

0,6499
0,0568

0,00136

Q.
015-

15 205 10 25 300
sdinrty

Depth
Both the linear and quadratic term were included in the depth model. However, the 

response showed a rather linear decrease in chance of occurrence of H. ulvae with increasing 
depth, clearly reflecting the littoral preference of this species.

Regression Standard error 
coefficient

Hydrobia
ulvae

Term

present: 527 
absent: 2347 04-

0,0931
0,0345

0,00154

Intercept
Depth
depth2
Concordance

0,4673
-0,5655
0,00868
83,10%

a í-

00 -
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in both current velocity models, 

resulting in an unimodal response curve for both models with an optimum around 0,3 and 
0.18 m .s 1 for maximum ebb and maximum flood current velocity respectively. However, a 
relatively broad tolerance was observed up to current velocities of 0,5 m .s'1. At higher current 
speeds a linear and steep decrease in chance of occurrence of H. ulvae was observed.

Hydrobia Term Regression Standard error 050
-------- m a x e b

ulvae coefficient 0l45 ... r r »  flood

0.40 / A .

Present: 582 055

Absent: 2455 050 /  \ \
Intercept -1,4178 0,2391

0 . a25 /  \
Maxeb 6,6523 1,1100 non \ \
Maxeb2 -10,9256 1,2036 \ \
Concordance 77,40% \ \

010

Intercept -0,4466 0,1810 006

Maxfl 3,0057 0,9678 ooo- . 1 . ................................ -  ................................................. i 1

Maxfl2 -8,4305 1,1323
00  01 0 2  0 5  0 4  0 5  0 6  0 7  0 8  0 9  15  1,1

c u r te n t  \Æ *oatv (nVs)
Concordance 84,70%

Sediment characteristics: median grainsize (um)  and mud content (%)
Both the linear and quadratic terms were included in the median grain size model, 

whereas no terms were included in the mud content model. This resulted in an unimodal 
response curve with an optimum around 100 fi m for median grain size. However, the response 
curve was rather broad and H. ulvae seemed rather tolerant concerning median grain size.
Only in very coarse sediments, the chance of occurrence of H. ulvae was very low.

Hydrobia Term Regression Standard error
ulvae coefficient

present: 396
absent: 1106

Intercept -1,1361 0,2376
Median 0,00952 0,00329
median2 -0,00005 0,000011
Concordance 63,70%

present: 613
absent: 773

Intercept -0,9163 0,0595
Mud - -

mud2 - -

Concordance

0140-,
 n -B dan  gnanazB  (¿ít )

015-

0  50 100 133 200 2SD 300

9edrrert cteraderisbcs
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M u l t i p l e  s t e p w is e  l o g is t ic  r e g r e s s io n

Binary logistic regression model
A multiple stepwise logistic regression was run with all abiotic variables together. 

Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, both the linear as the 
quadratic term were included for all abiotic explanatory variables, except for the quadratic 
terms of maximum flood (maxfl) and maximum ebb (maxeb) current velocities (Table 9.3). 
The linear terms of maximum flood current velocity and depth, and the linear and quadratic 
term of model salinity added most to the change of deviance in the model. The model with 
sediment characteristics had a similar performance, as indicated by the concordance, with the 
linear term of median grain size included in the model. The same terms as the model without 
sediment characteristics were responsible for the largest change of deviance in this model.

Table 9.3. Results for the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Hydrobia
ulvae

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 515 
absence: 2312

Intercept -8,5258 0,6652

with sediment 
Presence: 370 

Absence: 1032

Intercept -8,9867 0,8517
Temporal salinity 0,1491 0,0548 Temporal salinity 0,0411 0,0197

Temporal salinity® -0,00379 0,00170 Model salinity 0,9189 0,1003
Model salinity 0,8541 0,0831 Model salinity -0,0207 0,00260

Model salinity2 -0,0194 0,00221 Depth -0,4817 0,0759
Depth -0,5680 0,0543 Maxeb 8,5542 2,0397

Depth2 0,0099 0,00118 Maxeb2 -4,4185 2,1189
Maxeb 1,7631 0,4958 Maxfl -5,2032 0,6484

Maxfl -4,0569 0,4140 Median -0,0085 0,00154

Concordance 91,9% concordance 91,7%

Percent correct predictions
The logistic regression model, without sediment characteristics, included, predicts 

overall 88,3 % of the responses correctly (Table 9.4). 67,9 % of the modelled (or predicted) 
presences were also actually observed in the field, indicating a good performance of the 
model. When including sediment characteristics in the model, this percentage increased up to
72,7 %. So the model performed better when the sediment characteristics were included in the 
model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 9.4. Comparative statistics on the predicted and observed occurrence o f H. ulvae in the 
Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model).

Hydrobia ulvae (p=0,474)
(without sed im en t characteristics)

R esp o n se M odel %
O bserved Pm Am Total correct

Po 349 1 6 5 514 67 ,9
Ao 165 2 1 4 7 2312 92 ,9

Total 514 2 3 1 2 2826 88 ,3

Difference between proportions
95%  Cl

Fisher exact test: 1-tailed p I 
(observed by model: Po<Ao)|

0 ,6 0 8
-1 ,0 0 0  to 0 ,6 4 3  (normal approximation) 

<0.0001 (exact)

Hydrobia ulvae (p=0,50)
(with sed im en t ch aracteristics)

R esp o n se
O b served

Model
Pm Am Total

%
correct

Po 269 101 370 72 ,7
Ao 101 931 1032 9 0 ,2

Total 370 1 0 3 2 1402 8 5 ,6

Difference betw een proportions 0 ,6 2 9

Fisher exact test: 1-tailed p 
(observed by model: Po<Ao)

95%  Cl I -1 ,0 0 0  to 0 ,6 7 0  (normal approximation) 

<0.0001 (exact)

81



Macrobenthos Schelde estuary

R e f e r e n c e s

Anderson, A. 1971. Intertidal activity, breeding and the floating habit of Hydrobia ulvae in the 
Ythan estuary. J. mar. biol. Ass. U.K. 51: 423-437.

Bachelet, G. & M. Yacine-Kasseb. 1987. Intégration de la phase post-recrutée dans la
dynamique des population du gastéropode intertidal Hydrobia ulvae (Pennant). J. Exp. 
Mar. Biol. Ecol. 111:37-60.

Barnes, R.S.K. 1981a. An experimental study of the pattern and signification of the climbing 
behaviour of Hydrobia ulvae. J. mar. biol. Ass. U.K. 61: 285-229.

Barnes, R.S.K. 1981b. Factors affecting climbing in the coastal gastropod Hydrobia ulvae. J. 
mar. biol. Ass. U.K. 61:301-306.

Barnes, R.S.K. 1981c. Behavioural activities and ecological strategies in the intertidal
gastropod Hydrobia ulvae. In Jones, N.V. & Wolff, W.J. (Ed.), Feeding and survival 
strategies of estuarine organisms, pp. 79-90. Plenum Publishing Corporation.

Barnes, R.S.K., 1988. On reproductive strategies in adjacent lagoonal and intertidal-marine 
populations of the gastropod Hydrobia ulvae. J. Mar. Biol. Ass. U.K. 68, 365-375.

Barnes, R.S.K., 1990. Reproductive strategies in contrasting populations of the coastal 
gastropod Hydrobia ulvae. D. Longevity and life-time egg production. J. Exp. Mar.
Ecol. Biol. 138, 183-200.

Barnes, R.SK., 1994. Investment in eggs in lagoonal Hydrobia ventrosa and life-history 
strategies in north-west european Hydrobia species. J. Mar. Biol. Ass. U.K. 74, 637- 
650.

Barnes, R.S.K. & J.G. Greenwood. 1978. The response o f the intertidal gastopod Hydrobia 
ulvae (Pennant) to sediment of differing particle size. J. Exp. Mar. Biol. Ecol. 31: 43-54.

Chatfield, J.E. 1972. Studies on variation and life history in the prosodranch Hydrobia ulvae 
(Pennant). J. Conch. 27: 463-473.

Fenchel, T. & J.H. Kofoed. 1971. Evidence for exploitative interspecific competition in mud 
snails (Hydrobiidae). Oikos 27: 367-376.

Fish, J.D. & S. Fish. 1974. The breeding cycle and growth o f Hydrobia ulvae in the Dovey 
estayry. J. mar. Biol. Ass. U.K. 54: 685-697.

Graham, A., 1988. Molluscs: prosobranchs and pyramidellid gastropods. In, D.M. Kermack & 
R.SK. Barnes (eds.), Synopses of the British fauna (New Series). The Linnean Society 
of London and the Estuarine and Brackish-Water Science Association, London, n° 2,
662 pp.

Huxham, M., D. Raffaelli & A.W. Pike, 1995. The effect of larval trematodes on the growth 
and burrowing behaviour of Hydrobia ulvae (gastropoda: prosobranchia) in the Ythan 
estuary, north-east Scotland. J. Exp. Mar. Ecol. Biol. 185, 1-17.

Hylleberg, J. 1986. Distribution of fydrobiid snails in relation to salinity, with empasis on 
shell size and co-existence of the species. Ophelia, Suppl. 4: 85-100.

Hylleberg, J. & H. Riis-Vestegaard. 1984. Marine environments ; the fate of detritus. 
Akademisk Forlag. Copenhagen, 288 pp.

Jensen, K.T. & K.N. Mouritsen. 1992. Mass mortality in two common soft-bottom 
invertebrates, Hydrobia ulvae and Corophium volutator - the possible role of 
trematodes. Helgoländer Meeresunters. 46: 329-339.

Lappalainen, A. 1979. Seasonal recruitment and population structure of coexisting mudsnails 
(Hydrobiidae) in the Balthic Sea. In: Naylor, E. & R.G. Hartnoll (eds.) Cyclic 
Phenomena in Marine Plants and Animals. Proceedings of the 13th EMBS, Isle of Man 
1978: 57-63. Oxford, Pergamon Press.

82



Ecoprofile Hydrobia ulvae

Levention, J.S. 1979. The effect of density upon deposit-feeding populations : movement, 
feeding and floating of Hydrobia ventrosa (Montagu) (Gastropoda: Prosobranchia). 
Oecologia (Berlin) 43: 27-39.

Little, C. & W. Nix. 1970. The burrowing and floating behaviour of the gastropod Hydrobia 
ulvae. Estuar. Cstl. Mar. Sei. 4: 537-544.

Lopez, G.R. & L.H. Kofoed. 1980. Epipsammic browsing and deposit feeding in mud snails 
(Hydrobiidae). J. mar. Res. 38: 584-599.

Minchella, D.J., 1985. Host life-history variation in response to parasitism. Parasitology 90, 
205-216.

Mouritsen, K.N. & T. Jensen, 1994. The enimga of gigantism: effect of larval trematodes on 
growth, fecundity, egestion and locomotion in Hydrobia ulvae (Pennant) (Gastropoda: 
Prosobranchia). J. Exp. Mar. Ecol. Biol. 181, 53-66.

Muus, B.J. 1967. The fauna of danish estuaries and lagoons. Distribution and ecology of 
dominating species in the shallow reaches of the mesohaline zone. Meddl. Danmarks 
Fisk. Havundersog. 5(1): 1-316.

Newell, R. 1962. Behavioural aspects of the ecology of Peringia (-Hydrobia) ulvae (Pennant) 
(Gastopoda, Prosobranchia). Proc. Zool. Soc. Lond. 138: 49-75.

Newell, R. 1965. The role of detritus in the nutrition of two marine deposit feeders, the
prosobranch Hydrobia ulvae and the bivalve Macoma balthica. Proc. Zool. Soc. Lond. 
144: 25-45.

Pilkington, M.C., 1971. The veliger stage of Hydrobia ulvae (Pennant). Proc. Maiae. Soc. 
Lond. 39, 281-287.

Schäfer, W. 1972. Ecology and paleoecology of marine environments. English trans., by I. 
Oertel. Oliver & Boyd, Edinburgh. 568 pp.

Siegismund, H.R. & J. Hylleberg. 1987. Dispersal-mediated coexistence of mud snails 
(Hydrobiidae) in an estuary. Mar Biol. 94: 395-402.

Sola, J.C., 1996. Population dynamics, reproduction, growth and secondary production of the 
mud-snail Hydrobia ulvae (Pennant). J. Exp. Mar. Ecol. Biol. 205,49-62.

Thorson, G., 1946. Reproduction and larval development of Danish marine bottom
invertebrates, with special reference to the planktonic larvae in the Sound (Oresund). 
Medd. Komm. Danm. Fisk. Havunders. Ser. Plankton, Vol. 4, 1-523.

Wolff, W.J. 1973. The estuary as a habitat. An analysis of data on the soft bottom macrofauna 
of the estuarine area of the rivers Rhine, Meuse and Scheldt. Zoologische 
verhandelingen 126: 1-242.

83



Macrobenthos Schelde estuary

84



Ecoprofile Macoma balthica

ECO PRO FILE o f  M a c o m a  b a l t h i c a

In t r o d u c t io n

Macoma balthica is the most common bivalve species in the Schelde estuary. It is very 
common in the intertidal zone along the complete salinity gradient of the Schelde estuary. It 
contributes substantially to the overall macrobenthic biomass in the intertidal zone of the 
Schelde estuary.

A u t o -e c o l o g y

M a c o m a  b a l t h ic a  (L in n e a u s , 1 7 5 8 __________ Mollusca. Bivalva, Tellinidae
General

The Baltic Tellin Macoma Balthica shows a wide arctic-boreal distribution along the coasts of the 
Norhtem lee Sea and both sides of the Northern Atlantic. It is a very common species along the coasts and 
estuaries o f northern Europe and its distribution extends from the White Sea and other parts o f northern Russia 
(B e u k e m a  &  M e e h a n , 1985) to the Gironde estuary (B a c h e l e t , 1980) in SW France where the species reaches 
its southern limit o f its geographical range. In North America the species is found from the Hudson Bay (G r e e n , 
1973) in North America to as far south as Chesapeake and San Francisco Bays (N ic h o ls  &  T h o m p s o n , 1982). 
The occurrence of M. balthica is normally limited to shallow coastal areas (up to about 25 m depth) and intertidal 
areas. In the Baltic Sea the species is observed to a depth of 150 m.

Macoma balthica lives horizontally (for migrating individuals) or vertically in the sediments. The 
inhalant siphon is long and can be extended above the surface (at low tide) where it moves round and round. The 
exhalant siphon is much shorter and does not come out of the substrate (R e is e , 1985). The siphons keep on 
growing (R e a d in g  &  M c G r o r t y , 1978), which means that older animals will live deeper than juveniles 
(V a s s a l l o , 1977; Z w a r t s  &  W a n in k , 1989). Depth distribution is seasonally determined (R e a d in g  &  
M c G r o r t y , 1978; Z w a r t s  &  W a n in k , 1989), with M. balthica living deeper in autumn and winter than in 
spring and summer. However, at high summer temperatures M. balthica reacts also by burrowing deeper into the 
sediment.

M. balthica has been subject o f numerous papers because of its common occurrence and its role as an 
important link between primary producers and fish and shorebirds.

Habitat preferences
Salinity: M. balthica is a typical euryhaline species with a large salinity tolerance (from full sea water to 

less 3 & S) but shows reduced growth rates and thin shells at low salinities. In the estuaries of the Delta area it 
reaches the isohaline o f 2 g 0 / 1  at high tide during normal river discharge (WOLFF, 1973).

Sediment type: M. balthica inhabits all types of sandy sediments, but also shows a preference for the finer 
sediments with a median grain size of 150-225 fim and 0,5-10% of mud (W o l f f , 1973). N e w e l l  (1965) showed 
that large populations may occur in very fine sediments
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Feeding
M. balthica is in the first place a selective deposit feeder (GILBERT, 1977; REISE, 1983), which is able to 

switch to filter feeding in sandy sediments (O l a f s s o n , 1986; H u m m e l , 1985). When deposit feeding, also 
suspended algae can be taken up (H u m m e l , 1985; B e u k e m a  &  C a d é e , 1991; T h o m p s o n  &  N ic h o ls , 1988). 
Also in the course o f the year M. balthica is able to switch between feeding techniques. In spring and early 
summer, when phytoplankton blooms occur, food uptake occurs mainly through the water column by filter 
feeding. In summer and autumn, M. balthica shifts more towards deposit feeding and in winter it is almost 
inactive. Also the presence of large densities of congeners and/or other species can cause shifts in feeding 
techniques used (LIN & HINES, 1994; K a m e r m a n s , 1994). Food exists both o f benthic and planktonic 
microalgae, but also detritus with bacteria and protozoa (R e is e , 1985).

Population dynamics and life history
Populations of M. balthica are characterised by a relatively low variability in time and space, compared 

to other estuarine species (B eu k em a  et al., 1983). This relative constancy is the result o f a long life span, the 
large tolerance towards different environmental variables, and the use o f different feeding mechanisms 
(MCLUSKY &  ELLIOT, 1981). It also has an opportunistic reproductive strategy (HARVEY & VINCENT, 1989).

M. balthica is a gonochoristic species with comparable numbers o f male and females. Duration, timing 
and number of spawning periods varies from year to year (G il b e r t , 1978; B a c h e l e t , 1980, 1986; H a r v e y  &  
V in c e n t , 1989) and differ from place to place (e.g. W a r w ic k  &  P r ic e , 1975; C h a m b e r s  &  M il n e , 1975; 
B a c h e l e t , 1980) and depends on water temperature and age (e.g. HONKOOP& V a n  d e r  M e e r , 1997). Main 
reproduction period is situated in spring (March-May) when water temperature rise above 10 °C. In the more 
southern areas o f its geographical range a second reproduction period can occur in autumn. Macoma balthica has 
pelagic larvae (Jorgensen, 1946), which settle down at a size of 270-310 fim  (BACHELET, 1986).

Settling takes place all over the intertidal flats (B o y d e n  &  L it t l e , 1973; R a t c l iffe  et al., 1981). By 
passive transport through tidal currents a redistribution takes place and the juveniles colonize mainly the areas 
high in the intertidal zone and near the marsh edge (B e u k e m a , 1981, 1993; B e u k e m a  &  D e V l a s , 1989). 
However, primary settlement on the tidal flats seems to be variable in space, and is also observed low in the 
intertidal zone (G ü n t h e r , 1991, 1992; A r m o n ie s  &  H ell w ig -A r m o n ie s , 1992, ARMONlES, 1996). Probably 
nor tidal height, nor active selection can explain the primary settlement o f M. balthica, but rather the local 
hydrodynamica! conditions will determine this settlement, therefore considering it as a passive process. During 
their first winter the juveniles actively migrate by thread-drifting to the lower parts o f the intertidal area and to 
the subtidal zone. The reason for this second (winter)migration is probably the very low winter temperatures and 
the possibility of ice cover on the mudflats. However, this winter migration is not seen in all areas, but 
specifically it is already often observed in the Wadden Sea (ARMONIES &  HELLWIG-ARMONIES, 1992; BEUKEMA 
&  d e  V l a s , 1989; G ü n t h e r , 1991; A r m o n ie s , 1996).

The start and length of the growing season depends on the geographical position. In northern areas 
growth start later and the duration is shorter. In The Netherlands animals start growing in spring with a duration 
o f approximately four months (March-June) (Z w a r t s , 1991). Year to year variations can be very high, 
depending e.g. on the presence of diatoms (B e u k e m a  &  C a d é e , 1991). Experimentally it was noticed that 
growth o f Aí. balthica is (intraspecific) density dependent (BREY, 1991) and the effect seems more pronounced 
with deposit-feeding animals then with suspension-feeding animals (S k il l e t e r  &  P e t e r s o n , 1994; P e t e r so n  &  
S k il l e t e r , 1994). This density dependent growth is also observed in field studies, based on the growth of the 
year-rings (VINCENT et al., 1994). Production estimates are given by e.g. A n k a r  (1980), BERGH (1974) and 
C r a n f o r d  et al. (1985).

Biotic interactions
Macoma balthica is an important prey-item of many shorebirds like Knot Calidris canutus, Dunlin 

Calidris alpina, Redshank Tringa totanus, Bar-tailed Godwit and Oystercather Haematopus ostralegus. Other 
important predators are flatfish, gobiids and epibenthic species like shrimps and crabs. Benthic organisms such 
as Retusa obtusa and Nereis diversicolor are important predators o f young Macoma balthica (R a t c l iffe  et al., 
1981).

Settling of Aí. balthica larvae can be hampered by the activity o f sediment reworking invertebrates, such 
as Arenicola marina (FLACH, 1992).
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M A C O M A  BALTHICA 
occurrence

•presence(1281) 
•absence (1831)

M A C O M A  BALTHIC 
biomass (g AFDW/m*)

Figure 10.2. G eograph ica l d istribu tion  m aps o f  M acom a balth ica in the Schelde estuary with  
presen ce/absen ce da ta  (top) and biom ass (g A F D W  m 2) da ta  (bottom ).
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O c c u r r e n c e  i n  t h e  S c h e l d e  e s t u a r y  

General occurrence in relation to salinity and depth

M. balthica was a very com m on species in the intertidal zone o f all salinity regions with a 
frequency o f occurrence betw een 67 and 76 % (Table 10.1). A lso in the subtidal zone M. 
balthica was observed, with a frequency o f occurrence betw een 7,5 and 18 %.

M ean biom ass was significantly higher in the polyhaline zone as com pared to the 
m esohaline zone, and clearly decreased in upstream  direction (Figure 10.1). This trend was 
not observed in the mean density, indicating larger individuals found in the polyhaline zone. 
M ean biom ass and density in the subtidal zone were very low. The geographical distribution 
of M. balthica in the Schelde estuary is shown in Figure 10.2.

Table IO. I. O ccurrence (p/a) o f  M. balth ica along the sa lin ity  and depth  gradien ts o f  the Schelde  
estuary. N -n u m b er  o f  observations (salin ity regions: 1& 2: po lyhaline; 3& 4: m esohaline).

1 2 3 4

Littoral
u nd eep  subtidal 
d eep  subtidal 
C hannel

66 ,8  % (n=262)
16 .6  % 'n=151) 
8 ,9 %  (n=123)
8 .6  % (n=186)

69 ,6  % (n= 503)
13,1 % (n=153)
10 ,8  % (n=130) 

7 ,5 %  (n=173)

6 9 ,9  % (n=485) 
1 4 ,2 %  (n=127) 
1 5 ,2 %  (n = 112) 
1 7 ,6 %  (n=232)

76 ,3  % (n= 287)
15 ,7  % (n=51) 
10,5  % (n=67)
11 ,4  % (n=70)

¡3  littoral b  undeep subtidal Qdeep subtidal □channel

8 00

E 600

2 -  4 00  
a
§ 200 ■o

0

□ littoral b  undeep subtidal adeep subtidal □channel

Figure 10.1. Mean density  (ind m'2) and biom ass (g A F D W  m 2) o f  M. balth ica  along the salin ity and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline ; 3& 4: m esohaline).

Seasonal variations : spring versus autum n occurrence
The occurrence was slightly higher in autum n in the salinity regions 1 to 3, whereas in 

salinity region 4 M. balthica was much less observed in spring sam ples (Table 10.2). M ean 
density, and to a lesser extent also mean biom ass, were m uch higher in autum n.

Table 10.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence  
(presence/absence), density  (ind ml2) and biom ass (g A F D W  mi2) o f  M. balth ica  in the littora l zone o f  
the Schelde estuary (salin ity regions: 1&2: polyhaline zone; 3& 4: m esohaline zone).

LITTORAL 1 2 3 4

P r e se n c e  Spring 53 ,6  % (n=97) 6 4 ,5 %  (n= 169) 64 ,6  % (n=147) 4 8 ,5  % (n= 33)
Autumn 7 2 ,6 %  (n=135) 71,1 % (n=218) 6 8 ,3  % (n=249) 7 9 ,4 %  (n= 214)

D ensity Spring 152 2 2 8 137 49
Autumn 923 462 438 380

B iom ass Spring 1,65 2 ,8 4 1,15 0 ,2 4
Autumn 3 ,0 0 2 ,66 1,10 0 ,43
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m*2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Only the quadratic term of both ‘temporal salinity’ and ‘model salinity’ were included 

in the models. M. balthica showed no clear response for salinity, indicating a very high 
tolerance for salinity (see also Table 10.1).

Macoma
balthica

Term Regression
coefficient

Standard error

present: 973 
absent: 2139

intercept -0,4171 0,0676
Temporal salinity - -
Temporal salinity2 
Concordance

-0,00096
56,50%

0,000149

Intercept -0,4889 0,0750
Model salinity - -
Model salinity2 
Concordance

-0,00064
54,20%

0,000141

Depth
Both the linear and quadratic term were included in the depth model. However, the 

response showed a rather linear decrease in chance of occurrence of M. balthica with 
increasing depth (see also Table 10.2).

Term Regression Standard error 
coefficient

Macoma
balthica Q0-

07-

present: 840 
absent: 2043 06-

intercept
depth
depth2
concordance

1,6521 
-0,6899 
0,0115 

88,60%

0,0963
0,0307

0,000881

Q5-

QO-

dBpth(m N ftP+£5nJ
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in both current velocity models, 

resulting in an unimodal response curve for both models with an optimum around 0,175-0,275 
m .s1. However, a relatively broad tolerance was observed up to current velocities of 0,5 m.s'1. 
At higher current speeds a linear and steep decrease in probability of occurrence of M. 
balthica was observed.

Macoma Term Regression Standard error
balthica coefficient

present: 936 
absent: 2101

Intercept -0,1159 0,2252
Maxeb 5,7402 1,0365
Maxeb2 -11,3351 1,1194
Concordance 84,40%

Intercept 0,4058 0,1720
Maxfl 2,7547 0,8376
Maxfl2 -7,7741 0,8919
Concordance 84,90%

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic terms were included in both the median grain size as the 

mud content models, resulting in an unimodal response curve with an optimum around 75 /zm 
and 45% for median grain size and mud content respectively. However, the response curve 
was very broad and M. balthica seemed rather tolerant concerning median grain size and mud 
content. Only at very coarse sediments, as indicated by the median grain size model, the 
chance of occurrence o f M. balthica was very low.

Macoma
balthica

Term Regression
coefficient

Standard error

present: 629
absent: 873

intercept 0,2037 0,2564
median 0,0151 0,00405
median2 -0,0001 0,000015
concordance 78,80%

present: 613
absent: 773

intercept -1,2070 0,0942
mud 0,1040 0,00917
mud2 -0,00117 0,00013
concordance 73,50%

Q8-
 rrud c e n te r t  (%c64//n)
 rredangranazeO/n)

0 3 -

0 2 -

o 5 0 100 1 5 0 X0 2 5 0

secSmBrt charactehstics

Q.
0.3 -

0 2 -

0 0  01 0 2  0 3  0 4  0 5  0,6 0 ?  0 8  0 9  l í  1,1

c u r r e n t  v e lo c ity  (rrVs)
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, no terms concerning salinity 
were included in the model (Table 10.3). The linear terms of maximum flood current velocity 
and depht added most to the change of deviance in the model. The model with sediment 
characteristics had a slightly better performance, as indicated by the concordance, with the 
quadratic term of median grain size included in the model. The linear term of maximum flood 
current velocity, the quadratic term of median grain size and the linear term of depth added 
most to the change of deviance in this model.

Table 10.3. Results f o r  the binary m ultiple log istic  regression m odel, w ithou t an d  with sedim ent 
ch arac teristics  included, respectively.

Macoma
balthica

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 820 
absence: 2007

with sediment 
Presence: 562 
Absence: 731

intercept
Depth

Depth2
Maxeb

Maxeb2
Maxfl

Maxfl2

0,4229
-0,4422
0,00823

3,6948
-4,7585
3,5401

-5,8467

0,2790
0,0372

0,000971
1,4378
1,4702
1,1828
1,2245

Intercept 
Temporal salinity 

Temporal salinit^ 
Model salinity 

Model salinity2 
Depth2 

Maxfl 
Maxfl2 

Median2

0,6798
0,3963

-0,0159
-0,3009
0,0140

-0,0980
7,1246

-10,5546
-0,00006

0,6948 
0,0840 

0,00293 
0,1170 

0,00351 
0,0143 
1,9453 
2,2932 

5.489E-6

concordance 91,1% concordance 94,0%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 85,5 % of the responses correctly (Table 10.4). 75,0 % of the modelled (or predicted) 
presences were also actually observed in the field, indicating a very good performance of the 
model. When including sediment characteristics in the model, this percentage increased up to
85,4 %, indicating a very good performance of the model. So the model performed better 
when the sediment characteristics were included in the model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 10.4. C om parative s ta tistics  on the p red ic ted  and observed  occurrence o fM . balth ica in the 
Schelde estuary b a sed  on the regression  m odels without an d  with sed im ent characteristics included, 
respectively. (P o  -  P resen t observed; A o  =  Absent observed; Pm  =  P resen t p re d ic te d  by the m odel; 
A m  =  Absent p re d ic te d  by  the m odel).

Macoma balthica (p=0,605)
(without sed im en t characteristics)

R e sp o n s e
O b served

Model
Pm Am Total

%
correct

Po 615 2 0 5 8 2 0 7 5
Ao 20 5 1802 2 0 0 7 8 9 ,8

Total 820 2 0 0 7 2 8 2 7 8 5 ,5

Difference betw een proportions 0 ,6 4 8

Fisher exact test: 1-tailed p 
(observed by model: Po<Ao)

95%  Cl I -1 ,000  to 0 ,6 7 5  

<0.0001 (exact)

(norm al approximation)

Macoma balthica (p=0,605)
(with sed im en t characteristics)

R e s p o n s e Model %
O b served Pm Am Total correct

Po 480 82 5 6 2 8 5 ,4
Ao 82 649 731 8 8 ,8

Total 562 731 12 9 3 8 7 ,3

Difference between proportions
95%  Cl

0 ,7 4 2
-1 ,0 0 0  to 0 ,7 7 3  (norm al approximation)

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed by model: Po<Ao)
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ECOPROFILE o f  M y a  a r e n a r i a

I n t r o d u c t io n

Mya arenaria was not very common in the Schelde estuary. Only in the intertidal, 
polyhaline/mesohaline transition zone the species was observed regularly and here M. 
arenaria contributed about 10% to the overall intertidal macrobenthic biomass. However, its 
patchy distribution and very deep occurrence in the sediment of the larger individuals, makes 
this species very difficult to sample and therefore probably an underestimation has been made 
of the total biomass of this species.

A u t o -e c o l o g y

M y a  a r e n a r i a  (Linnaeus, 1758) Mollusca. Bivalva,
General

The Sandgaper Mya arenaria has a boreal amphi-atlantic distribution, which at present also occurs in the 
Pacific (Japan, Alaska). This American species was introduced in Europe in the 16-17* century.

M. arenaria lives in a vertical position in the sediment to a depth o f 40 cm, depending on the age and the 
length o f the two siphons ( Z w a r t s  &  W a n in k ,  1989). Through these siphons the species is in contact with the 
overlying water. The burrowing capacity diminishes with age (KÜHL, 1983). To a size of 5 cm M. arenaria is 
able to burrow again after being washed out, whereas older and bigger M. arenaria loose this burrowing capacity 
because the relative shorter foot is no longer able to get the shell in a vertical position, which is necessary for 
burrowing.

A detailed ecoprofile on M. arenaria can be found in STEUR et al. (1996) (in Dutch).

Habitat preferences
Salinity: M. arenaria is a typical euryhaline species, which penetrates estuaries to the low salinity zones. 

M. arenaria is well adapted to low and strongly fluctuating salinities. In the Delta area (S W  Netherlands) small 
specimens reach nearly the isohaline of 2 g Cl /1 during high tide at normal river discharge, but larger individuals 
only occur at higher salinities (WOLFF, 1973). In the Baltic M. arenaria occurs down to salinities of 2.5-3 g C171 
(M uus, 1967). In the Loire estuary R o b in e a u  (1987) classifies the species as typically brackish. The seaward 
extension is not restricted by salinity, but by other factors, such as its slow pumping rate resulting in shortage of 
food in offshore waters (WOLFF, 1973).

Sediment type: M. arenaria is found  in  a lm ost all sed im ent types (KÜHL, 1983), excep t in  anaerobic mud 
and  v ery  coarse  sand  (MUUS, 1967; D a n k e r s  &  BEUKEMA, 1983). H o w ev er, th is  sp ec ies  m ain ly  p refer fine and 
m uddy  sed im en ts (WOLFF, 1973). NEWELL &  HlDU (1982) experim en ta lly  d em o n s tra ted  that ju v en ile  M. 
arenaria grew  fasted  in  fine  and m uddy sed im ents. M. arenaria is re la tiv e ly  re s is ten t to  oxygen  deficiency, long 
ex p o su re  tim es and sev ere  w inter w eather (MUUS, 1967). M. arenaria h as  an ag g reg ra ted  d is tribu tion  pattem . It 
is su g g es ted  that, as in  the case  o f  sed im en t partic les, hydrodynam ic fo rce s  are  p rim arily  responsib le  fo r the 
z o n a tio n  o f  Mya p o p u la tions in in tertidal a reas  (MATTHIESSEN, 1960).
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Feeding
M. arenaria is a suspension feeder which feeds on small plankton (flagellates) and detritus (WOLFF, 1973; 

KÜHL, 1983). The pumping rate is lower than in many other suspension feeders. Deposit feeding has been 
observed in Mya, particularly when there is only a thin water film on the substrate. Food uptake is highest in the 
months April-May when also the phytoplankton bloom is observed (K a m e r m a n s ,  1994).

Population dynamics and life history
M. arenaria has separa te  sex es , a lthough  som etim es herm aphrod itic  ind iv iduals a re  observed  

( A p p e ld o o r n  &  S a n d e r s ,  1988). T h e  species rep roduces and spaw ns in  sum m er from  M ay /June  until 
S ep tem ber (W olff, 1973; KÜHL, 1983 ; MÖLLER & R o s e n b e r g ,  1983; W a r w ic k  &  P r i c e ,  1975). T he  eggs (70- 
8 0  /xm) are fe rtilised  in th e  ex h a lan t s ip h o n  o r  in the m antle cavity  o f  th e  fem ale . T h e  la rvae  (150-225  p m ) sw im  
free ly  in the w ate r co lum n fo r ab o u t tw o  w eeks and undergo  a m etam orphosis a t a  size o f  24 0 -3 0 0  pm. T hese  
veliconcha la rvae  se ttle  by  m eans o f  by ssu s threads w hich they anchor to  sand  g rains and  algae ( G r e e n ,  1968). 
T h e re  is som e ev id en ce  tha t the p re sen ce  o f  adu lt ben th ic  suspension feed e rs , like Cerastoderma edule and  M. 
arenaria, w hen p resen t in  high d en sitie s , m igh t significantly  reduce se ttlem en t success o f  b ivalve  larvae, and 
hen ce  m ay lim it rec ru itm en t o f  new  in d iv idua ls  ( M ö l l e r ,  1986; A n d r é  &  R o s e n b e r g ,  1991). T he  m echanism  
p ro p o sed  is th a t adu lts  filte r se ttling  la rv ae  o u t o f  the w ater colum n (W o o d in , 1976). D istu rbance  o f  the top  layer 
o f  the sed im ent by  the b io tu rb a te r Arenicola mariana m ay also negative ly  a ffec t the occu rrence  o f  ju v en ile  M. 
arenaria ( F l a c h ,  1992). S ettling  p re fe ra b ly  occurs in fine sedim ents in  th e  low er parts  o f  the in tertidal zone 
(GÜNTHER, 1992). In  a  la te r phase  th e  an im als burrow  into the sedim ent. G row th  ra te  can  reach  10 to  15 m m  in 
th e  first year (T h a m d r u p ,  1935; WARWICK &  PRICE, 1975). M. arenaria can  becom e very  large (>  10 cm ) and 
very  o ld  (> 1 5  years). A s in  Cerastoderma edule, M. arenaria often  have  a good  spatfa ll a fter severe  w inters 
(BEUKEMA, 1982, 1992).

The growing season o f M. arenaria is situated between April and August in Dutch waters. However, in 
Scandinavia juveniles may grow until November (GÜNTHER, 1992). Length and weight increase simultaneously 
with highest growth speed in the months May-June (ZWARTS, 1991). From autumn to winter the flesh weight of 
M. arenaria diminish by half (ZWARTS, 1 9 9 1 ;,  1992).

High suspended matter in the water column in areas like the Dollard (Ems estuary) and the eastern part of 
the Westerschelde might hamper the growth o f the suspension feeding M. arenaria (ESSINK & BOS, 1985; G r a n t  
&  T h o rp e ,  1991).

Mortality is highest in the first year of life. The juveniles are situated relatively high near the sediment 
surface, being exposed to predation and unfavourable weather conditions (KÜHL, 1981; B e a l  et al., 1995). Only 
0,1% survives the first winter.
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M YA ARENARIA  
occurrence

•presence (353) 
•absence (2759)

M YA ARENARIA  
biomass (g AFDW/m2)

Figure 11.2. G eograph ica l d istribu tion  m aps o f  M ya arenaria  in the Schelde estuary with  
presen ce/absen ce da ta  (top) and biom ass (g A F D W  n i2) da ta  (bottom ).
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O c c u r r e n c e  ln t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
M. arenaria was m ainly observed in the intertidal zone o f the poly-/m esohaline transition 

zone (salinity regions 2 and 3) (Table 11.1). Both in salinity region 1 and salinity region 4 the 
species was nearly absent. M ean density and biom ass were highest in salinity region 2 (Figure 
11.1), and here M. arenaria accounted for 10% of the overall intertidal m acrobenthic biom ass 
observed here. The geographical distribution o f M. arenaria in the Schelde estuary is shown 
in Figure 11.2. It was very striking to see that high biom ass values only were observed on the 
M olenplaat, a tidal flat which was extensively studied during the Ecoflat project. The patchy 
distribution and very deep occurrence in the sedim ent o f the larger individuals makes this 
species very difficult to sam ple and therefore probably an underestim ation has been m ade of 
the occurrence and total biom ass o f this species.

Table 11.1. O ccurrence (p /a) o fM . arenaria along the sa lin ity and depth  gradien ts o f  the Schelde 
estuary. N  = num ber o f  observations (salin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

1 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
C hannel

11,1 % (n=262) 
1 ,3 %  'n=151 ) 

0 ,0 %  (n=123) 
0 ,5 %  (n=186)

32 ,0  % (n= 503) 
2 ,6 %  (n=153) 
0 ,8  % (n=130) 
0 ,0  % (n=173)

2 6 ,0  % (n=485)
1,6 % (n=127) 
0 ,9  % (n = 112)
2 ,2  % (n=232)

4 ,2  % (n= 287)
3 ,9  % (n=51 )
3 .0  % (n=67)
7.1 % (n=70)

■

n
1 2  3 4

□ littoral *  undeep subtidal ndeep subtidal □ channel □ littoral b  undeep subtidal odeep subtidal □ channel

Figure 11.1. M ean density  (ind mi2) and biom ass (g A F D W  n i2) o f  M. arenaria  along the salin ity and  
depth gradien t in the Schelde estuary (areas: I& 2: polyhaline; 3& 4: mesohaline).

Seasonal variations: spring versus autumn occurrence
Spring and autum n occurrence were com parable in all salinity regions (Table 11.2). 

How ever, mean density was m uch higher in autum n as com pared to spring, indicating spatfall 
o f  this species in sum m er. M ean biom ass in salinity region 2 was m uch higer in autumn.

Table 11.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density  (ind  
mi2) and biom ass (g A F D W  mi2) o f  M. arenaria  in the littora l zone o f  the Schelde estuary (salinity  
regions: 1 &2: polyhaline; 3& 4: mesohaline).

LITTORAL 1 2 3 4

P re sen ce  Spring 7 ,2  % (n=97) 2 5 ,4 %  (n= 169) 2 4 ,5 %  (n=147) 3 ,0  % (n= 33)
Autumn 12,6  % (n=135) 3 3 ,0 %  (n=218) 2 5 ,3  % (n=249) 5,1 % (n= 214)

D ensity Spring 985 29 5 7 1448 253
Autumn 2 4 6 2 7 1 7 7 3 1 8 3 2066

B iom ass Spring 0 ,0 3 9 2 0 ,9 1 0 2 0 ,1 1 6 7 0,41
Autumn 0 ,0 3 5 4 4 ,0 3 6 6 0 ,3 1 2 7 0 .0 0 2 4
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m“2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in the ‘temporal salinity’ model, 

whereas no terms were included in the ‘model salinity’ model. This resulted in an unimodal 
response curve for temporal salinity with an optimum at a salinity around 17. Below a 
salinity of 10 psu and above a salinity of 22,5 psu the probability of occurrence of M. arenaria 
decreased.

Mya arenaria Term Regression
coefficient

Standard error

present: 245
absent: 2867

Intercept -4,6947 0,4910
Temporal salinity 0,3424 0,0591
Temporal salinity2 -0,0107 0,00168
Concordance 59,6

Intercept -2,4598 0,0666
Model salinity - -

Model salinity2 - -
Concordance -

Depth
Only the linear term was included in the depth model. The response showed a rather 

linear decrease in probability of occurrence of M. arenaria with increasing depth.

Mya arenaria Term Regression Standard error________________coefficient
present: 225 
absent: 2649

intercept
depth
depth2
concordance

-1,0204 
-0,3831

77,30%

0,1103
0,0361

 t e m p o r a l s a l i n i t y

¿  5 10 15 ¿

depfi(mNûP+£5rr|
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in both current velocity models, 

resulting in an unimodal response curve for both models with an optimum around 0,4 and 0,2 
m .s'1 for maximum ebb and maximum flood current velocity respectively.

Mya arenaria Term Regression
coefficient

Standard error

present: 243
absent: 2794

Intercept -4,2368 0,4462
Maxeb 14,3481 2,1036
Maxeb2 -18,5355 2,3710
Concordance 79,10%

Intercept -1,6880 0,2473
Maxfl 3,7942 1,4422
Maxfl2 -9,9149 1,8690
Concordance 82,90%

- m a x e b  

m a x  f l o o d

0.4

current velocity (rrVs)
0.8 0.9 10

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic terms were included in the median grain size model, 

whereas no terms were included in the mud content model. This resulted in an unimodal 
response curve with an optimum around 110 /¿m for median grain size. Especially in very 
coarse sediments, the chance of occurrence of M. arenaria was very low.

Mya arenaria Term Regression
coefficient

Standard error

present: 191
absent: 1311

Intercept -2,7921 0,3753
Median 0,0278 0,00604
median2 -0,00013 0,000023
concordance 69,30%

present: 199
absent: 1187

intercept -1,8458 0,0783
mud - -

mud2 - -

concordance -

 medan g r a n s z E  ( i / T f

0,15'

aio-

5D 100 2X 250 3000 150

» d m e n t  diaracterisfcs
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, no terms concerning salinity 
were included in the model (Table 11.3). The linear term (but removed) and the quadratic 
term of maximum flood current velocity added most to the change of deviance in the model. 
The model with sediment characteristics had a slightly better performance, as indicated by the 
concordance, with the quadratic term of median grain size included in the model. The linear 
term of maximum flood current velocity, the linear and quadratic term of model salinity and 
the quadratic term of median grain size added most to the change of deviance in this model.

Table 11.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Mya arenaria Term Regression
coefficient

Standard
error

Term Regressio
n

coefficient

Standard
error

without sediment with sediment
presence: 224 Presence: 175
absence: 2603 Absence: 1118

intercept -3,6768 0,4762 Intercept -14,1739 1,5489
Depth -0,1560 0,0488 Model salinity 1,2698 0,1596

Maxeb 13,6226 2,2750 Model salinity^2 -0,0313 0,00414
Maxeb2 -12,9912 2,6683 Maxeb 19,3107 4,1154

Maxfl2 -5,3594 0,6933 Maxeb2 -17,5379 4,6675
Maxfl -10,6339 2,3516

Maxfl2 5,0399 2,4605
Median2 -0,00005 6.778E-6

Concordance 88,0% concordance 91,4%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 90,7 % of the responses correctly (Table 11.4). However, only 40,6% of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage was similar with 40,1%, indicating a similar 
performance of both models

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 11.4. Comparative statistics on the predicted and observed occurrence ofM . arenaria 
in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po -  Present observed; Ao = Absent observed; Pm = 
Present predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed 
test (observed by model: Po<Ao).

Mya arenaria (p=0,28)
(without sed im en t characteristics)

R esp on se
Observed

Model
Pm Am Total

%
correct

Po 91 133 224 40,6
Ao 133 2512 2645 95

Total 224 2645 2869 90,7

Difference betw een proportions 0,356
95%  Cl I -1 ,000  to 0 ,4 1 0  (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed by model: Po<Ao)|

Mya arenaria (p=0,38)
(with sed im ent characteristics)

R esp on se
Observed

Model
Pm Am Total

%
correct

Po 75 112 187 40,1
Ao 112 1140 1252 91,1

Total 187 1252 1439 84,4

Difference betw een proportions 0,312
95%  Cl I -1,000 to 0,372 (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed by model: Po<Ao)|

104



Ecoprofile Mya arenaria

R e f e r e n c e s

André, C. & R. Rosenberg, 1991. Adult-larval interactions in the suspension-feeding bivalves 
Cerastoderma edule and Mya arenaria. Mar. Ecol. Prog. Ser. 71, 227-234.

Appeldoorn, R.S. & I.M. Sanders, 1988. Observations on the incidence and occurrence of 
hermaphroditism in the soft-shell clam, Mya arenaria. J. Shellfish Res. 7, 147.

Beal, B.F., C.D. Lithgow, D.P. Shaw, S. Renshaw & D. Oullette, 1995. Overwintering
hatchery-reared individuals of the soft-shell clam, Mya arenaria L.: a field test of site, 
clam size, and intraspecific density. Aquaculture 130, 145-158.

Beukema, J.J. 1982. Annual variation in reproductive success and biomass of the major
macrozoobenthic species living in a tidal flat area of the Wadden Sea. Neth. J. Sea Res. 
16: 37-45.

Beukema, J.J., 1992. Expected changes in the Wadden Sea benthos in a warmer world: 
lessons from periods with mild winters. Neth. J. Sea Res. 30, 73-79.

Dankers, N. & J.J. Beukema. 1983. Distributional patterns of macrozoobenthic species in 
relation to some environmental factors. In: Dankers, N., H. Kühl & W.J. W olff (eds.) 
Ecology of the Wadden Sea, Vol 1(4). Balkema Rotterdam, pp. 69-103.

Essink, K. & A.H. Bos, 1985. Growth of three bivalve molluscs transplanted along the axis of 
the Ems estuary. Neth. J. Sea Res. 19,45-51.

Flach, E.C., 1992. Disturbance of benthic infauna by sediment-reworking activities of the 
lugworm Arenicola marina. Neth. J. Sea Res. 30, 81-89.

Grant, J. & B. Thorpe, 1991. Effects of suspended sediment on growth, respiration, and
excretion of the soft-shell clam {Mya arenaria). Can. J. Fish. Aquat. Sei. 48, 1285-1290.

Green, J. 1968. The biology of estuarine animals. Biology Series, Sidgewich & Jackson 
(Eds.), London.

Günther, C.-P., 1992. Settlement and recruitment of Mya arenaria L. in the Wadden Sea. J. 
Exp. Mar. Biol. Ecol. 159, 203-215.

Kamermans, P., 1994. Similarity in food source and timing of feeding in deposit- and 
suspension-feeding bivalves. Mar. Ecol. Prog. Ser. 104, 63-75.

Kühl, H. 1973. The Sandgaper, Mya arenaria. In: Dankers, N., H. Kühl & W.J. Wolff 
(eds.) Ecology of the Wadden Sea, Vol 1(4). Balkema Rotterdam, pp. 118-119.

Matthiessen, G.C. 1960. Observations on the ecology of the soft clam, Mya arenaria, in a 
salt pond. Limnol. Oceanogr. 5: 291-300.

Möller, P., 1986. Physical factors and biological interactions regulating infauna in shallow 
boreal areas. Mar. Ecol. Prog. Ser. 30, 33-47.

Möller, P. & R. Rosenberg, 1983. Recruitment, abundance and production of Mya arenaria 
and Cardium edule in marine, shallow waters, western Sweden. Ophelia 22, 33-55.

Muus, B.J. 1967. The fauna of danish estuaries and lagoons. Distribution and ecology of 
dominating species in shallow reaches of the mesohaline zone. Meddl. Danmarks Fisk. 
Havundersog. 5(1): 1-316.

Newell, C.R. & H. Hidu. 1982. The effects of sediment type on growth rate and shell
allometry in the soft shelled clam Mya areanaria L. J. Exp. Mar. Biol. Ecol. 65: 285- 
295.

Robineau, R. 1987. Caractérisation des peuplements macrozoobenthiques de l’estuaire de la 
Loire. Vie et Milieu 37: 67-76.

Steur, C., J. Seys & J. Eppinga, 1996. Ecologisch profiel van de Strandgaper (Mya arenaria). 
Rapport RIKZ 96.023. Den Haag, Nederland.

Warwick, R.M. & R. Price. 1975. Macrofauna production in an estuarine mudflat. J. mar. 
biol. Ass. U.K. 55: 1-18.

105



Macrobenthos Schelde estuary

Wolff, W.J. 1973. The estuary as a habitat. An analysis of data on the soft bottom
macrofauna of the estuarine area of the rivers Rhine, Meuse and Scheldt. Zoologische 
Verhandelingen 126: 1-242.

Woodin, S.A., 1976. Adult-larval interactions in dense infaunal assemblages: patterns of 
abundance. J. mar. Res. 34, 25-41.

Zwarts, L., 1991. Seasonal variation in body weight of the bivalves Macoma balthica,
Scrobicularia plana, Mya arenaria and Cerastoderma edule in the Dutch Wadden Sea. 
Neth. J. Sea Res. 28, 231-245.

Zwarts, L. & J. Wanink. 1989. Siphon size and burying depth in deposit- and suspension- 
feeding benthic bivalves. Marine Biology 100: 227-240.

106



Ecoprofile ofNepthys cirrosa

ECOPROFILE o f  N e p h ty s  c i r r o s a

I n t r o d u c t i o n

Nephtys cirrosa is the most common Nephtys species, together with Nephtys hombergii. 
Nephtys cirrosa is more restricted to the subtidal zone then N. hombergii and in this zone it is 
one of the most important species. N. hombergii was mainly observed in the polyhaline zone.

A u t o -e c o l o g y

N e p h t y s  c i r r o s a _____________  Annelida. Polychaeta
General

The polychaete N. cirrosa is, in comparison with N. hombergii, a southern species with northern limits in 
Scotland (MCINTYRE &  E lefth er io u , 1968). At severe winters in the Delta area the population o f N. cirrosa can 
die and it takes 3-4 years before the species appears again (W o l ff , 1971).

Habitat preferences
Salinity. N. cirrosa penetrates the estuaries up  to  the isohalines o f  10-15 g C l'/l (WOLFF, 1973).
Depth distribution and sediment type: N. cirrosa is, in  com parison  to  N. hombergii, a  typ ica l sublittoral 

species, p re fe rin g  san d y  sed im ents (CLARK & H a d e r l ie , 1960; W o l f f , 1971).

Feeding
N. cirrosa liv es  in  non-perm anent burrow s (HARTMANN-SCHRÖDER, 1971) and  is  a  p redato r/cam ivor 

(CLARK, 1962), fe e d in g  on  o ther polychaete  sp ec ies  like Scoloplos armiger. Heteromastus filiformis, etc. 
(COMMITO &  AMBROSE, 1985).

Population dynamics and life history
N. cirrosa is a polytelic species. Spawning occurs in the open water during swimming o f the adults. The 

larvae are planctonic.
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NEPHTYS CIRROSA  
occurrence

«absence (352)

NEPHTHYS CIRROSA  
biomass (g AFDW/m2)

t
» 0.8

Figure 12.2 G eographical d istribu tion  m aps o f  N ephtys c irrosa  in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  m 2) da ta  (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
The presence of N. cirrosa is mainly restricted to the polyhaline (salinity region 1 and 2), 

subtidal zone (Table 12.1.). Here, the species was observed in all three subtidal depth strata. In 
the a-mesohaline zone (salinity region 3), the species was observed irregularly, with most 
observations in the channel. In the ß-mesohaline zone (salinity region 4) the species is 
completely absent. In the intertidal zone N. cirrosa was nearly absent, except for salinity 
region 1 where in 10% of the sampling occasions the species was observed. Both mean 
biomass and density were highest in salinity region 1 and 2, with highest biomass values in 
the deep subtidal and the channel (Figure 12.1). The geographical distribution of N. cirrosa in 
the Schelde estuary is shown in Figure 12.2.

Table 12.1 O ccurrence (p /a) o fN . c irrosa  along the sa lin ity  and depth  gradien ts o f  the Schelde 
estuary. N  -  number o f  observa tion s (salin ity  regions: 1&2: po lyhaline; 3& 4: mesohaline).

1 2 3 4

Littoral 1 0 ,3 %  (n=262) 2 ,8  % (n= 503) 1 ,0  % (n=485) 0  % (n= 287)
U nd eep  subtidal 2 8 ,5 %  'n=151) 2 4 ,8  % (n=153) 3 ,2 %  (n=127) 0 % (n=51 )
D eep  subtidal 4 3 ,9 %  (n=123) 2 6 ,2  % (n=130) 6 ,3 %  (n = 112) 0 % (n=67)
C hannel 2 6 ,3 %  (n=186) 2 4 ,3  % (n=173) 15,1 % (n=232) 0 % (n=70)

0,2 1 
E 0.15 -

1 2  3 4
ar ea

a  littoral a  undeep subtidal ndeep subtidal □ channel

Figure 12.1. M ean density  (ind  m 2) and biom ass (g A F D W  m 2) o fN . cirrosa  along the salin ity  and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autum n occurrence
In the polyhaline, subtidal zone N. c ir r o s a  was observed more frequently in autumn as 

compared to spring, but mean density and biomass were comparable in both seasons (Table 
12.2). In the ß-mesohaline zone (salinity region 3) this trend was even more pronounced, w ith  
N. c ir ro sa  being nearly absent in spring, and appearing in autumn in 13,6% of the sampling 
occassions, which probably is explained by the lower salinities occurring in winter and spring 
in this salinity region, which caused more unfavourable conditions for this species.

Table 12.2. Spring (M ar-M ay) versus autumn (Aug-O ct) occurrence (presence/absence), density (ind  
in 2) and biom ass (g A F D W  m 2) o fN . cirrosa  in the subtida l zone o f  the Schelde estuary (salinity  
regions: 1 &2: polyhaline; 3& 4: m esohaline).

SUBTIDAL_____________ 1___________________2___________________3___________________ 4

P re se n c e  Spring 2 5 ,7  % (n=187) 19 ,7  % (n= 203 ) 0 ,7  % (n=140) 0 ,0  % (n= 33)
Autumn 3 6 ,6  % (n=268) 2 9 ,2  % (n=243) 1 3 ,6 % (n = 3 3 1 )  0 ,0 % (n = 1 5 5 )

D ensity Spring 21 17 0 ,5  0
Autumn 2 8  2 4  2 ,2  0

B iom ass Spring 0 ,1 4  0,11 0 ,0 0 1 8  0
__________ Autumn________ 0 ,1 4 _______________ 0 ,1 5 ______________ 0 ,0 0 5 6 ________________ 0

40

J= 30

2 - 20 ’</>
S ioTJ

3 1
2 3

ar ea

O littoral ■ undeep subtidal □ deep subtidal □ channel
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b i o t i c  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal response curves for both models. An optimum is observed in the polyhaline zone, 
being around 26 psu and 28,5 psu for ‘temporal salinity’ and ‘model salinity’ respectively. 
The ‘temporal salinity’ optimum shifted slightly towards a lower salinity as compared to the 
‘model salinity’ optimum, but both curves were comparable. This shift was much less 
pronounced as compared to e.g. Arenicola marina.

Nephtys
cirrosa

Term Regression
coefficient

Standard error 0 3 0 -

0 . 2 5 -

--------- t e m p o r a l  s a f i r i t y

..... . . . . . .m o d e l  s a l i n i t y

present: 352 
absent: 2760

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-14,9834
1,0643

-0,0204
77,00%

1,4903
0,1289

0,00274

0 .2 D -

0 1 5 -
Q .

0 1 0 - IP
Intercept 
Model salinity 
Model salinity2 
Concordance

-13,6466
0,8705

-0,0153
74,60%

1,6386
0,1374

0,00284

J
5 1 0  1 5  2 0  2 5  3 0

s a l i n i t y

Depth
Both the linear and quadratic term of depth were included in the model, giving an 

unimodal, bell-shaped response curve for depth. N. cirrosa showed an optimum around 12,5 
m NAP (15m NAP on the graph), but showed a relatively broad tolerance.

Nephtys Term Regression Standard error
cirrosa coefficient

present: 344 
absent: 2530

Intercept
Depth
depth2
Concordance

-3,6365 
0,3439 

- 0,0112 
71,50%

0,1692
0,0332

0,00139

de0h(mN*P+2.5m(
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in the maximum ebb and flood 

current velocity models. The response curves were very similar for both models, showing a 
sigmoidal response with an increase in probability of occurrence with increasing current 
velocity. N. cirrosa is one of the few common species in the Schelde estuary showing this 
pattern. Compared with N. hombergii, N. cirrosa clearly preferred higher current velocities.

Nephtys Term 
cirrosa

Regression
coefficient

Standard error

present: 346
absent: 2691

Intercept -4,9120 0,3735
Maxeb 6,7694 0,9944
Maxeb2 -3,3002 0,6259
Concordance 65,70%

Intercept -4,8131 0,3266
Maxfl 6,6613 0,8577
Maxfl2 -3,2807 0,5321
Concordance 66,70%

0,25 ■
 max et)
  max flood

QjgQ

Q.
0,10

0,06

0 0  0,1 0,2 0,3 0,4 0,5 0,6 0,7 0 £  0 £  1,0 1.1

curo rt \«*oaty (nVs)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model, 

whereas only the linear term was included in the mud content model. N. cirrosa clearly 
prefered very coarse sediments, showing an unimodal response curves for median grain size 
with an optimum at ± 320 /im. For mud content the change of occurrence decreased steeply 
with increasing mud content.

Nephtys Term Regression Standard error
cirrosa coefficient

present: 125 
absent: 1377

intercept
median
median2
concordance

present: 109 
absent: 1277

intercept
mud
mud2
concordance

-7,1578
0,0383

-0,00006
73,60%

-1,3400
-0,1701

78,10%

0,8036
0,00698

0,000015

0,1426
0,0300

rru j cortent (%<64//n) 
 medangran6i2E(i/r$

0,25-

Q.

0,10 -

0,05

0,00-
250 300 3600 50 100 150 200 400

sedm ert characteristics
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and quadratic terms of 
temporal and model salinity and of maxium ebb current velocity (maxeb) were included in the 
model (Table 12.3), with the linear term of temporal salinity, the linear term of maximum ebb 
current velocity (maxeb), the quadratic term of temporal salinity adding most to the change in 
deviance. The model with sediment characteristics performed better with a concordance of
91,1 %, with the linear term of depth, the linear term of temporal salinity and the quadratic 
term of depth adding most to the change of deviance in the model.

Table 12.3. Results f o r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Nepthys
cirrosa

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
Presence: 339 

Absence: 2488

Intercept -19,6625 1,9184

with sediment 
presence: 102 
absence: 1191

intercept -13,8353 2,6926
Temporal salinity 0,7573 0,1426 Temporal salinity 0,8223 0,2374

Temporal salinity2 -0,0151 0,00315 Temporal salinity2 -0,0154 0,00523
Model salinity 0,4195 0,1633 Depth 0,5568 0,0810

Model salinity2 -0,00728 0,00349 Depth2 -0,0181 0,00333
Maxeb 7,4088 1,2172 Maxeb2 -0,8913 0,3886

Maxeb2 -3,6803 0,7592 Mud -0,1074 0,0302

concordance 82,2% concordance 91,1%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 84,0 % of the responses correctly (Table 12.4). However, only 33,3 % of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased up to 48,0 %.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 12.4. Comparative statistics on the predicted and observed occurrence ofN. cirrosa, in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm  = Present 
predicted by the model; Am = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

Nephtys cirrosa (p=0,316)
(without sed im en t ch aracteristics)

R esp on se
Observed

Model
Pm Am Total

%
correct

Po 113 2 2 6 339 3 3 ,3
Ao 226 2 2 6 2 2488 9 0 ,9

Total 339 2488 2827 84

Difference betw een proportions
95%  Cl

0 ,242
-1 ,0 0 0  to 0 ,2 8 6 (normal

approxim ation)

Fisher exact test: 1-tailed p I 
(observed  by model: Po<Ao)|

<0.0001 (exact)

Nephtys cirrosa (p=0,192)
(with sed im en t characteristics)

R esp on se Model %
O bserved Pm Am Total correct

Po 49 53 102 4 8
Ao 53 1138 1191 9 5 ,6

Total 102 1191 1293 9 1 ,8

Difference betw een proportions
95% Cl

1-tailed p
(observed  by model: Po<Ao)

0 ,4 3 6
-1 ,000  to 0 ,5 1 8  (normal

-<0.0001 (exact)

approxim ation)
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ECOPROFILE o f  N e p h ty s  h o m b e rg i i

In t r o d u c t io n

Nephtys hombergii was a relatively common species in the polyhaline zone of the 
estuary and it is one o f few common species which was observed both in the intertidal as in 
the subtidal zone.

A u t o - e c o l o g y

N e p h t y s  h o m b e r g i i_______________________Annelida. Polychaeta
General

The polychaete N. hombergii is a cosmpolitic species, very common along the Atlantic coasts. N. hombergii 
is very winter sensitive with high mortalities during severe winters (B e u k e m a , 1979; B e u k e m a  &  E ssin k , 1986).

In contrast to Nereis diversicolor, N. hombergii lives in non permanent and therefore non fixed burrows 
up to 20 cm deep (H a r t m a n n -S c h r ö d e r , 1971).________________________________________________________
Habitat preferences

Salinity: N. hombergii penetrates the estuaries up to the isohalines o f 10-15 g 071  (WOLFF, 1973).
Depth distribution and sediment type: N. hombergii is found both in the intertidal zone as in the (undeep) 

subtidal zone, but is most common in the intertidal zone (WOLFF, 1971). N. hombergii is found in all sediment 
types, prefering less well sorted, fine sand sediments (C la rk  & H a d e r l ie , 1960; K ir k e g r a a d , 1969; W o l f f , 
1973; GOV AERE, 1978; A l h e it , 1978). In comparison, N. cirrosa prefers more sandy sediments (CLARK &  
H a d e r l ie , I960; W o l f f , 1971).

Feeding
In general, N. hombergii is classified as predator/camivor (CLARK, 1962), feeding on other polychaete 

species like Scoloplos armiger. Heteromastus filiformis, and juvenile Nereis diversicolor, and nematodes; but 
also diatoms and detritus are included in its diet (D a v ey  &  G e o r g e , 1986; S h u b e r t  &  R e is e , 1986). O l iv e  et 
al. (1981) classify N. hombergii as a non selective camivor, whereas WARWICK et al. (1979) describe the species 
as omnivor with microalgae being an important part of the diet._____________________________________________
Population dynamics and life history

N. hombergii is a polytelic species, which reproduce from its second year of life (OLIVE, 1978). 
Spawning occurs in the open water during swimming of the adults. The larvae are planctonic and settle in the 
subtidal zone. After three months they migrate to the adult population in the intertidal zone (O l iv e , 1977; 
W a r w ic k  &  P r ic e , 1975).

Biotic interactions
N. hombergii negatively affects densities of Heteromastus filiformis and Scoloplos armiger, consuming 

on a yearly basis 20-25%  o f  their biomass ( S h u b e r t  & R e ise , 1986; B e u k e m a , 1987).
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NEPHTYS HOMBERGII 
occurrence

•presence (295) 
•absence (2817)

NEPHTYS HOMBERGII 
biomass (g AFDW/m2-

Figure 13.2. G eographical d istribu tion  m aps o f  N ephtys hom bergii in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  n i2) da ta  (bottom).
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O c c u r r e n c e  en t u e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
The presence o f N . h o m b e rg ii  is restricted  to the polyhaline zone (Table 13.1), with the 

highest frequency o f occurrence in salinity region 1. In the polyhaline zone the species was 
observed in all depth strata, with a slightly higher preference for the littoral zone. However, N. 
h o m b e rg ii  was the only com m on species show ing a m ore or less sim ilar occurrence in both 
the littoral and subtidal zone. In the m esohaline zone the species was alm ost com pletely 
absent.

Both mean biom ass and density  were highest in salinity region 1 (Figure 13.1). B iom ass 
and density values w ere com parable betw een the different depth strata, except for a higher 
biom ass in the littoral zone o f salinity region 1. The geographical distribution o f N. h o m b e rg ii  
in the Schelde estuary is show n in Figure 13.2.

Table 13.1. O ccurrence (p /a) o fN . hom bergii along the salin ity  and depth gradien ts o f  the Schelde 
estuary. N  =  num ber o f  observa tion s (salin ity  regions: 1&2: polyhaline; 3& 4: mesohaline).

1 2 3 4

Littoral 35 ,9  % (n=262) 13 ,9  % (n= 503) 1,6 % (n=485) 0 % (n= 287)
U ndeep  subtidal 2 1 ,9  % 'n=151 ) 9 ,8 %  (n=153) 1,6 % (n=127) 0 %  (n=51)
D eep  subtidal 1 5 ,4 %  (n=123) 6 ,2  % (n=130) 0 ,9  % (n = 112) 0 % (n=67)
C hannel 15,1 % (n=186) 7 ,5 %  (n=173) 1,7 % (n=232) 0 % (n=70)

1 2  3 4
area

23 littoral b  undeep subtidal ndeep subtidal □ channel

Figure 13.1. M ean density  (ind  m 2) and biom ass (g A F D W  m 2) o fN . hom bergii along the salin ity  and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autum n occurrence
In the polyhaline, littoral zone N. h o m b e rg ii  was observed m ore frequently in autum n as 

com pared to spring, resulting in a higher m ean density and biom ass in autum n (Table 13.2). In 
the m esohaline zone N. h o m b e rg ii  was nearly com pletely absent in both seasons.

Table 13.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density  (ind  
m 2) and biom ass (g A F D W  m 2) o fN . hom bergii in the littora l zone o f  the Schelde estuary (salin ity  
regions: 1 &2: polyhaline; 3& 4: m esohaline).

LITTORAL_____________ 1__________________ 2___________________3____________________ 4__

P r e se n c e  Spring 3 0 ,9  % (n=97) 11,2  % (n= 169) 0 ,6  % (n=147) 0 % (n= 33)
Autumn 4 1 ,5 % (n = 1 3 5 )  2 0 ,2 % (n = 2 1 8 )  1 ,2 % (n = 2 4 9 )  0 % ( n = 2 1 4 )

D ensity Spring 17 9 0 ,5  0
Autumn 26  18 0 ,6  0

B iom ass Spring 0 ,1 1 7  0 ,0 6 5  0,001 0
__________ Autumn 0,281______________ 0 ,1 5 4 ______________ 0,001_________________ 0

□ littoral a  undeep subtidal Qdeep subtidal Gchannel
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. The 

response curves showed a sigmoidal increase in probability of occurrence with increasing 
salinity. Below a salinity of 15 psu the probability of observing N. cirrosa became almost 
zero. Like for several ‘polyhaline’ species the ‘temporal salinity’ curve shifted slightly 
towards a lower salinity as compared to the ‘model salinity’ curve, but both curves were 
comparable.

Nephtys Term Regression Standard error
hombergii coefficient

Present: 295 
Absent: 2817

Intercept -11,1041 1,3533
Temporal salinity 0,6500 0,1176
Temporal salinity2 -0,0106 0,00251
Concordance 77,20%

Intercept -13,8417 2,2325
Model salinity 0,7561 0,1804
Model salinity2 -0,0110 0,00360
Concordance 79,50%

Depth
Only the linear term of depth was included in the model, giving a more or less linear, 

slighty decreasing response with increasing depth. The curve clearly demonstrated that N. 
cirrosa was relatively independent of depth concerning its distribution, wat also could be 
observed in Table 13.1.

Nephtys
hombergii

Term Regression
coefficient

Standard error

Present: 255 
Absent: 2619

Intercept -2,1840 0,0954
Depth -0,0217 0,0109
depth2 - -
Concordance 48,00%

QC6-

acD-
15 20 25 300 5 10

depfri(mNûp+2£rr|

 terrporal saürity
 model sdirity
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in the maximum ebb and flood 

current velocity models. This resulted in unimodal response curves for maximum ebb and 
flood current velocity with an optimum around 0.4 and 0.5 m .s'1 respectively. However, both 
curves were broad, indicating a relatively high tolerance for current velocity. Compared with 
N. cirrosa, N. hombergii clearly preferred less high current velocities.

Nephtys Term 
hombergii

Regression
coefficient

Standard error

present: 281
absent: 2756

Intercept -2,5242 0,2885
Maxeb 3,5969 1,0891
Maxeb2 -4,5532 0,9355
Concordance 64,30%

Intercept -3.1516 0,2527
Maxfl 5,6340 0,9577
Maxfl2 -5,5198 0,8033
Concordance 66,70%

—  m ax flood

0,15-

a ra 
c i

ao a í  02 03 a4 a s  ae  a?  a« as  ip  i,i
c u rren t v e lo c ity  (nV s)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model, 

whereas in the mud content model none of both terms were included. An unimodal response 
curve for median grain size was observed with an optimum at 135 fim. However, N. 
hombergii showed a relatively broad tolerance and only in very coarse or very fine sediments 
the chance of observing this species became small.

Nephtys Term Regression Standard error
hombergii coefficient

present: 107
absent: 1395

Intercept -3,4341 0,4635
Median 0,0164 0,00613
Median2 -0,00006 0,000019
Concordance 59,1%

present: 341
absent: 1045

Intercept -2,5649 0,1043
Mud - -

Mud2 - -

Concordance -

r r u d c o r ie r t  ( < 6 3 /s r )  

m e d a n  granazB (¿ rr |

100 150 200

aedm ert charadensbcs
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and/or quadratic terms 
of all abiotic variables were included in the model (Table 13.3), with the quadratic term of 
maximum ebb current velocity (maxeb) and the linear term of model salinity adding most to 
the change in deviance. The model with sediment characteristics performed equally, but now 
only three terms were included in the model with the quadratic term of temporal salinity 
being the most important.

Table 13.3. R esu lts f o r  the binary m ultiple log istic  regression m odel, w ithout an d  w ith  sedim ent 
characteristics included, respectively.

Nephtys
hombergii

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

Without sediment 
Presence: 248 

Absence: 2579

with sediment 
Presence: 84 

Absence: 1318

Intercept 
Temporal salinity 

Temporal salinity 
Model salinity 

Depth 
Maxeb2 

Maxfl 
Maxfl2

-13,8573
0,6095

-0,0135
0,2077
0,0607

-1,8681
3,4719

-3,5303

1,4990
0,1235

0,00274
0,0302
0,0167
0,3927
1,1324
0,9218

Intercept 
Temporal salinity2 

Model salinity 
Median2

-7,0066
0,00211

0,1875
-0,00002

0,7397
0,00088

0,0431
5.093E-6

Concordance 86,2% concordance 85,2%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 88,2 % o f the responses correctly (Table 13.4). However, only 34,2 % of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage didn’t change.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 13.4. Comparative statistics on the predicted and observed occurrence ofN. hombergii 
in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; Ao  = Absent observed; Pm = 
Present predicted by the model; Am = Absent predicted by the model). Fisher exact one-tailed 
test (observed by model: Po<Ao).

Nephtys hombergii (p=0,287)
(without sed im en t characteristics)

R esp on se
Observed

Model
Pm Am Total

%
Correct

Po 85 163 248 3 4 ,2
Ao 163 2 4 1 6 2579 9 3 ,7

Total 248 2579 2827 8 8 ,5

Difference between proportions 0 ,2 8 0
95% Cl -1 ,0 0 0  to 0 ,3 3 0  (norm al approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed by model: Po<Ao)

Nephtys hombergii (p=0,285)
(with sed im en t characteristics)

R esp on se
O bserved

Model
Pm Am Total

%
Correct

Po 29 5 5 84 3 4 ,5
Ao 55 12 6 3 1318 9 5 ,8

Total 84 1318 1402 9 2 ,2

Difference between proportions 0 ,3 0 4
95% Cl -1 ,0 0 0  to 0 ,3 8 9  (norm al approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed by model: Po<Ao)|
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Ecoprofile Nereis diversicolor

ECO PR O FILE o f  N e re is  d i v e r s i c o l o r

In t r o d u c t io n

Nereis diversicolor was a very common polychaete species in the Schelde estuary. 
Especially in the intertidal mesohaline zone it was one of the constituting species, contributing 
substantially to both the overall macrobenthic density and biomass. In the ß-mesohaline zone 
N. diversicolor made up 53% of the total macrobenthic biomass.

A u t o -e c o l o g y

N e r e i s  d i v e r s i c o l o r ______________________Annelida, Polychaeta
General

The polychaete Nereis diversicolor is one o f the most characteristic species of estuarine tidal areas. Because 
of its large tolerance for all kinds of abiotic environmental factors (such as temperature, salinity, pollution), N. 
diversicolor has a widespread occurrence, from the cold brackish Baltic Sea to hypersaline lagunes of the Black Sea 
(M e t t a m , 1979).

In comparison with Nepthys hombergii lives N. diversicolor in a branched system of burrows 
(H a r t m a n n -S c h r ö d e r , 1983), up to a depth o f 5 -2 0  cm, extending to 40  cm during severe winters (M uus, 
1967).

Habitai preferences
Salinity: N. diversicolor prefers undeep, mesohaline waters (MUUS, 1967; WOLFF, 1973) and the species 

has a large tolerance against changes in salinity (D a l e s , 1951b; H a r t m a n n -Sc h r ö d e r , 1983).
Sediment type: N. diversicolor prefers very fine, muddy sediments (WOLFF, 1973), but in ‘black mud’ the 

species is absent.

Feeding
In general, N. diversicolor is classified as omnivor, using however different feeding techniques. GOERKE 

(1966) describes N. diversicolor as a deposit feeder, camivor, scavenger, herbivor and suspension feeder. 
According to MUUS (1967) N. diversicolor feeds mainly on the meiofauna (nematodes, ostracods, and nauplii 
from harpacticoid copepods) which is uptaken together with the detritus. Also predation on Corophium volutator 
and chironomid larvae was noticed by M u u s  (1967). H a r t m a n n -S c h r ö d e r  (1971) describes the uptake of 
plant material (detritus) by N. diversicolor. R e is e  (1969) demonstrated experimentally the uptake of 
plathelminthes and nematodes, whereas ostracods and copepods were relatively less important. According to 
COMMITO (1982) N. diversicolor mainly feeds on nematodes, Turbellaria and spatfall o f C. edule.

Population dynamics and life history
N. diversicolor is gonochoristic. The sex ratio is in favour of females (M e t t a m , 1981). N. diversicolor 

is atocous and oviparous (WOLFF, 1973). Short after spawning the adults die. The time and duration of the 
spawning is variable (D a l e s , 1950; M u u s, 1967; C h a m b e r s  &  M il n e , 1975; H e i p &  H e r m a n , 1979;...). The 
larvae come out after a week in the burrows o f the adults, on the sediment surface or in the upper layers of the 
sediment. Seldom or never they are observed in the watercolumn.
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NEREIS DIVERSICOLOR  
occurrence

•presence (812)
absence (2300)

NEREIS DIVERSICOLOR  
biomass (g AFDW/m2)

Figure 14.2. G eographical distribu tion  m aps o f  N ereis d iversico lo r  in the Schelde estuary with  
presence/absence data  (top) and biom ass (g A F D W m 2) da ta  (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
N. diversicolor was a com m on species in the littoral, polyhaline and the m esohaline zone, 

w ith the highest frequency o f occurrence in the ß-m esohaline zone (salinity  region 4) (Table
14.1). In the subtidal zone N. diversicolor was nearly absent.

M ean density and biom ass was com parable in the tw o polyhaline salinity regions 1 and 2 
and the a-m esohaline salinity region 3 (Figure 14.1). In the ß-m esohaline zone (salinity region 
4) m ean biom ass and density  were 3-4x higher then in the o ther salinity regions, m aking up 
53%  o f the total biom ass here. The geographical d istribution o f N. diversicolor in the Schelde 
estuary is shown in Figure 14.2.

Table 14.1. O ccurrence (p/a) o fN . d iversico lo r along the sa lin ity  and depth  gradien ts o f  the Schelde 
estuary. N  = num ber o f  observa tion s (salin ity  regions: 1&2: polyhaline; 3& 4: mesohaline).

i 2 3 4

Littoral
U ndeep  subtidal 
d eep  subtidal 
C hannel

5 4 ,2  % (n=262) 
1,3 % 'n=151 ) 
0 ,8 %  (n=123) 
1,1 % (n=186)

3 1 ,2  % (n= 503) 
2 ,0  % (n=153) 
0 ,0  % (n=130) 
0 ,0  % (n=173)

5 3 ,4  % (n=485) 
3 ,2 %  (n=127) 
1 ,8  % (n = 112)
2 ,2  % (n=232)

81 ,5  % (n= 287) 
0 ,0 %  (n=51) 
1,5 % (n=67) 
0 ,0  % (n=70)

E 3
LL

0

3  littoral ■ undeep subtidal Qdeep subtidal q  channel
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Figure 14.1. M ean density  (ind m 2) and biom ass (g A FD W  m 2) o fN . d iversico lo r  along the salin ity  
and depth  gradien t in the Schelde estuary, (areas: 1&2: po lyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
The littoral occurrence and density o f N. diversicolor was com parable betw een spring and 

autum n in all salinity regions, except for som ew hat higher values in autum n in salinity region 
1 (Table 14.2). M ean biom ass was higher in spring in all salinity regions, except for salinity 
region 1 were the opposite was noticed.

Table 14.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density  (ind  
m 2) and biom ass (g A F D W  m 2) o f  N ereis d iversico lo r  in the litto ra l zone o f  the Schelde estuary  
(salin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

LITTORAL 1 2 3 4

P r e se n c e  Spring 4 3 ,3  % (n=97) 3 5 ,5 %  (n= 169) 5 0 ,3 %  (n=147) 7 5 ,8  % (n= 33)
Autumn 6 1 ,5 %  (n=135) 3 4 ,4  % (n=218) 5 2 ,6  % (n=249) 7 9 ,0 %  (n= 214)

D ensity Spring 96 107 312 1392
Autumn 370 139 389 1368

B iom ass Spring 0 ,7 8 0,91 1,02 3 ,83
Autumn 1,50 0 ,4 7 0 ,7 9 2 ,64
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r i a b l e

A logistic regression model for binary (presence/absence) data was performed.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. The 

response curves showed a sigmoidal increase in probability o f occurrence with decreasing 
salinity. But also in higher salinities the probability of occurrence of Nereis diversicolor was 
still relatively high.

Nereis Term 
diversicolor

Regression
coefficient

Standard error

present: 812
absent: 2300

intercept 0,7385 0,1983
Temporal salinity -0,1610 0,0251
Temporal salinity2 0,00291 0,000712
Concordance 62,10%

Intercept 1,1206 0,2920
Model salinity -0,1758 0,0334
Model salinity2 0,00299 0,000867
Concordance 60,20%

Depth
Both the linear and quadratic term of depth were included in the model. The response 

curve showed a very high chance of occurrence in the littoral zone, after which a steep 
decrease in chance of occurrence was observed. The curve clearly demonstrated the preference 
of N. diversicolor for the littoral zone (see also Table 14.1).

Nereis Term Regression Standard error
diversicolor coefficient

present: 682 
absent: 2192

intercept
depth
depth2
concordance

1,7040 
-0,9131 
0,0115 

91,00%

0,1115
0,0447

0,000983

15 2D 25 300 5 10
dap<h(mNûP+a5n1

 temporal sabrrty
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Maximum ebb and flood current velocities (m .s1)
Only the linear term was included in the maximum ebb and flood current velocity 

models. This resulted in more or less similar sigmoidal curves for maximum ebb and flood 
current velocity, showing a very high probability of occurrence with small current velocities 
and a gradual decreasing probability of occurrence with increasing current velocities.

Nereis Term 
diversicolor

Regression
coefficient

Standard error

present: 771
absent: 2266

Intercept 2,1693 0,1269
Maxeb -6,2043 0,2603
Maxeb2 - -

Concordance 85,60%

Intercept 1,5673 0,1720
Maxfl -5,2126 0,2155
Maxfl2 - -

Concordance 85,50%

0 5  0 6  0.7 0 3  0 9  1,0 1.103

cunw t v€*oaty(nts)

Sediment characteristics: median grainsize (um ) and mud content (%)
Only the linear term was included in the median grain size model, whereas in the mud 

content model both the linear and the quadratic term were included. This resulted in a 
sigmoidal curve for median grain size, showing a high chance of occurrence in muddy and 
very fine sand sediments (small fim  for median grain size), and an unimodal response curve 
for mud content, with an optimum at 50%, but with a relatively broad tolerance.

Nereis Term Regression Standard error
diversicolor coefficient

present: 523
absent: 979

intercept 0,8026 0,1001
median - -
median2 -0,00005 3,715E-6
concordance 78,70%

present: 512
absent: 874

intercept -1,6620 0,1038
mud 0,1023 0,00917
mud2 -0,00103 0,000128
concordance 75,00%

a ed rra rt ctB raaensbcs
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, the linear and quadratic terms 
of model salinity and depth, and the linear terms of maximum ebb (maxeb) and flood (maxfl) 
current velocities were included in the model (Table 14.3), with the linear term of maximum 
flood current velocity and the linear term of depth adding most to the change in deviance. The 
model with sediment characteristics performed equally well, and now the linear term of 
maximum ebb current velocity (maxeb), the linear term of median grain size and the linear 
and quadratic term of depth added most to the chance of deviance in the model.

Table 14.3. R esu lts f o r  the binary m ultiple log istic  regression  model, w ithout an d  w ith  sedim ent 
ch aracteristics included, respectively.

Nereis
diversicolor

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

Without sediment 
Presence: 660 

Absence: 2167

with sediment 
presence: 454 
absence: 839

Intercept 
Model salinity 

Model salinity* 
Depth 

Depth2 
Maxeb 

Maxfl

7,3822
-0,4199
0,00871
-0,6146
0,0106

-2,8955
-1,1788

0,6072
0,0570

0,00144
0,0508

0,00105
0,4745
0,3880

Intercept 
Temporal salinity 

Temporal salinity2 
Model salinity 

Depth 
Depth2 
Maxeb 

Median 
Mud2

9,0758
-0,3703
0,0105

-0,0878
-0,6606
0,0197

-3,8073
-0,00954
-0,00024

0,8874
0,0764

0,00229
0,0236
0,0776

0,00299
0,6072

0,00193
0,000096

Concordance 92,9% Concordance 91,7%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 88,3 % of the responses correctly (Table 14.4). The model performed very well with 
75% of the modelled (or predicted) presences which were also actually observed in the field. 
When including sediment characteristics in the model, this percentage decreased to 65,6%, 
indicating a better performance of the model excluding sediment characteristics.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 14.4. Comparative statistics on the predicted and observed occurrence ofN.  
diversicolor in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; A o  = Absent observed; Pm = 
Present predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed 
test (observed by model: Po<Ao).

Nereis diversicolor (p=0,466)
(without sed im en t ch aracteristics)

R esp on se
O bserved

Model
Pm Am Total

%
correct

Po 495 165 660 75
Ao 165 2 0 0 2 2167 92 ,4

Total 660 2167 2827 8 8 ,3

Difference between proportions
95% Cl

0 ,6 7 4
-1 ,0 0 0  to 0 ,7 0 3 (norm al

approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed by model: Po<Ao)|

Nereis diversicolor (p=0,5)
(with sed im en t ch aracteristics)

R esp on se Model %
O bserved Pm Am Total correct

Po 2 9 8 156 454 65 ,6
Ao 156 6 8 3 839 81 ,4

Total 454 839 1293 7 5 ,9

Difference between proportions 0 ,4 7 0
95% Cl -1 ,0 0 0  toO ,513 (norm al

approxim ation)

1-tailed p I < 0.0001 (exact)
(observed by model: Po<Ao)|
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Ecoprofile Nereis succinea

ECOPROFILE o f  N e r e i s  s u c c in e a

In t r o d u c t io n

Nereis succinea was much less common in the Schelde estuary then Nereis diversicolor.
N. succinea showed a rather difficult pattern of occurrence in the Schelde estuary. N. succinea 
occurred least in the most outer polyhaline zone. In the middle of the N. succinea was a 
relatively common species in the littoral zone, whereas in the subtidal zone the species was 
rarely observed. In the ß-mesohaline zone the opposite was observed, with N. succinea being 
more common in the subtidal zone. This pattern of occurrence was not reflected in the 
observed mean biomass and density. In general, values were very low and N. succinea does 
not contribute much to the total macrobenthic density and biomass in the Schelde estuary.

A u t o -e c o l o g y

Ne re is  succinea__________________________ Annelida. Polychaeta
General

The polychaete Nereis succinea is a typical estuarine species, but is less common as N. diversicolor. 
However, N. succinea is observed on a much larger range o f different habitats as N. diversicolor. N. succinea 
lives normally in U-shaped burrows, open on both sides. N. succinea can burrow very fast.

Habitat preferences
Salinity : N. succinea penetrates the estuary up to the mesohaline zone, but tolerates less well extreme 

salinities as N. diversicolor. This can probably be explained by the lower tolerance of low salinities of the larvae. 
In the Westerschelde W o l f f  (1973) observed N. succinea up to  3 g C l /1. R o b in e a u  (1987) describes N. 
succinea as a typical brackish water species in the Loire estuary. However, NEUHOFF(1979) observed from 
feeding experiments that growth and food conversion at low salinities and temperatures were faster for N. 
diversicolor as compared to N. succinea, suggesting that the latter species prefers distinctly higher salinities and 
temperatures.

Sediment type: N. succinea is observed  on  a  w ide ran g e  o f  d iffe ren t habitats, go ing  fro m  sand, m ud, 
betw een shells, on  m ussel b eds, even  on  p iles and h a rb o u r co n stru c tio n s (WOLFF, 1973)._________________________
Feeding

N. succinea is a non selective deposit feeder, also ingesting detritus ( G o e rk e ,  1971; H a r tm a n n -  
SCHRÖDER (1971).

Population dynamics and life history
Swarming epitokous animals can be observed in large numbers between July-September (WOLFF, 

1973). At 20-21 °C the free-swimming larvae settle after about 10-14  days.
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NEREIS SUCCINEA  
occurrence

•presence (449)
absence (26Ó3)

NEREIS SUCCINEA  
biomass (g AFDW/m2)

t®  2.9 
« 0,58

Figure 15.2. G eographical distribu tion  m aps o f  N ereis succinea in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g A F D W  m 2) data (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
N. succinea show ed a rather difficult pattern o f occurrence in the Schelde estuary. N. 

succinea occurred least in the m ost outer polyhaline zone (salinity region 1) (Table 15.1). In 
the m iddle o f the estuary (poly/m esohaline salinity regions 2 and 3), N. succinea was a 
relatively com m on species in the littoral zone, w hereas in the subtidal zone the species was 
rarely observed (especially in salinity region 2). In the ß-m esohaline zone (salinity region 4) 
the opposite was observed, with N. succinea being m ore com m on in the subtidal zone. The 
pattern o f occurrence was not reflected in the observed m ean biom ass and density (Figure
15.1). In general, values w ere very low and N. succinea does not contribute m uch to the total 
m acrobenthic density and biom ass in the Schelde estuary. The geographical distribution o f N. 
succinea in the Schelde estuary is shown in Figure 15.2.

Table 15.1. Occurrence (p/a) ofN . succinea along the salinity and depth gradients o f  the Schelde 
estuary. N= number o f  observations (regions: 1 &2: polyhaline; 3&4: mesohaline).

1 2 3 4

Littoral 9 ,2  % (n=262) 3 7 ,4  % (n= 503) 2 7 ,0  % (n=485) 7 ,7  % (n= 287)
U ndeep  subtidal 0 % 'n=151 ) 3 ,3 %  (n=153) 4 ,7  % (n=127) 1 3 ,7 %  (n=51 )
d eep  subtidal 2 ,4 %  (n=123) 1 ,5 %  (n=130) 3 ,6  % (n = 112) 1 3 ,4 %  (n=67)
channel 2 ,7 %  (n=186) 1,7  % (n=173) 8 ,6  % (n=232) 2 8 ,6  % (n=70)

0,3 
« 0,25
I 0,2
Q 0,15 
< 0,1 
°> 0,05 

0

. ■ i

rn
n  r - n -  n ,  I r a - ! I n J —n

nlittoral Bundeep subtidal odeep subtidal achannel

n
_ r - T —  L m  ____ r—1—

1 2  3 4 
a re a

Olittoral b  undeep subtidal odeep subtidal nchannel

Figure 15.1. Mean density (ind m 2) and biomass (g AFDW m 2) o f  Nereis succinea along the salinity 
and depth gradient in the Schelde estuary (areas: 1&2: polyhaline; 3&4: mesohaline).

Seasonal variations: spring versus autum n occurrence
In general, a higher occurrence o f N. succinea was observed in autum n as com pared to 

spring in the littoral zone (Table 15.2). This was reflected in the mean biom ass and density, 
being higher in autum n, except in salinity region 3 where com parable values were observed 
for both autum n and spring. A spring-autum n com parison for the subtidal zone o f salinity 
region 4 is difficult to m ake since too few spring data were available.

Table 15.2. Spring (M ar - May) versus autumn (Aug - Oct) occurrence (p/a), density (ind m 2) and 
biomass (g AFDW m 2) ofN . succinea in the littoral zone o f  the Schelde estuary (salinity regions: 
1&2: polyhaline; 3&4: mesohaline).

LITTORAL 1 2 3 4

P re se n c e  Spring 6 ,2  % (n=97) 2 9 ,6  % (n =  169) 2 3 ,8 %  (n=147) 3 ,0  % (n= 33)
Autumn 1 3 ,3 %  (n=135) 3 9 ,0  % (n=218) 28 ,9  % (n=249) 9 ,8  % (n= 214)

D ensity Spring 3 142 90 4
Autumn 26 318 100 10

B iom ass Spring 0 ,0 1 9 0 ,2 3 8 0 ,1 1 5 0,011
Autumn 0 ,0 4 8 0 ,3 1 2 0 ,0 8 9 0,021
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal response curves for both models. An optimum is observed in the poly/mesphaline 
zone, being around 15 psu and 19 psu for - ‘temporal salinity’ and ‘model salinity’ 
respectively. The ‘model salinity’ model showed a more narrow tolerance with an optimum 
which shifted towards a higher salinity as compared to the ‘temporal salinity’ model. The 
‘temporal salinity’ model showed a much broader response curve, extending more into the 
mesohaline zone. This difference in response, observed for many species, was probably the 
result of the fact that the ‘temporal salinity’ model did take into account the seasonal variation 
in salinity.

Nereis
succinea

Term Regression
coefficient

Standard error

present: 321 
absent: 2791

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

-3,6232
0,2523

-0,00835
58,10%

0,3805
0,0467

0,00134

Intercept 
Model salinity 
Model salinity2 
Concordance

-7,6936
0,6526

-0,0172
64,10%

0,6940
0,0722

0,00181

Depth
Both the linear and quadratic term of depth were included in the model. The response 

showed a (shallow) decrease in chance of occurrence with increasing depth, but the slope 
suggested also the presence of N. succinea in the subtidal zone.

Nereis Term Regression Standard error
succinea coefficient

present: 292 
absent: 2582

Intercept -1,2077 0,1015
Depth -0,2525 0,0280
depth2 0,00629 0,00102
Concordance 68,60%

da p ti(m N 9 P + 2 5 rr1
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic term were included in the maximum ebb current velocity 

model (maxeb), whereas only the linear term was included in the maximum flood current 
velocity model (maxfl). This resulted in two different response curves: an unimodal response 
curve for maximum ebb current velocity with an optimum around 0.30-0.35 m .s'1, but with a 
very broad tolerance, and a linear logit response for maximum flood current velocity with a 
decrease in probability of occurrence with increasing current velocity. However, it was clear 
from both response curves that N. succinea did not prefer very high current velocities.

Nereis Term 
succinea

Regression
coefficient

Standard error

present: 315
absent: 2722

Intercept -2,0212 0,2608
Maxeb 2,5264 1,0120
Maxeb2 -4,0152 0,8881
Concordance 67,60%

Intercept -0,7451 0,1083
Maxfl -2,7050 0,2157
Maxfl2 - -

Concordance 73,30%

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model and 

the mud content model. N. succinea clearly prefered fine to very fine sandy sediments, 
showing unimodal response curves for median grain size with an optimum at ± 75 ¿im and for 
mud content with an optimum of 35%. However, N. succinea showed a relatively broad 
tolerance and only in very coarse sediments and in sediments with a very high mud content the 
chance of observing this species was very small.

Corophium Term Regression Standard error
voluator coefficient

present: 217 
absent: 1285

intercept -1,6760 0,2964
median 0,00926 0,00450
median2 -0,00006 0,000016
concordance 65,90%

present: 214 
absent: 1172

intercept -2,5173 0,1431
mud 0,1076 0,0132
mud2 -0,00159 0,000214

_____________concordance___________ 71,20%_______________

025-  mjdccrtert(<63//T|
 mBdangrarKze</*T}
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0,00-
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M u l t ip l e  s t e p w is e  l o g is t ic  r e g r e s s io n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and/or quadratic terms 
of all abiotic variables were included in the model (Table 15.3), with the linear term of 
maximum flood current velocity (maxfl), the linear and quadratic term of maxium ebb current 
velocity (maxeb and maxeb2) and the quadratic term of depth adding most to the change in 
deviance. The model with sediment characteristics performed slightly better, with the linear 
term of maximum flood current velocity (maxfl), the linear and quadratic term of model 
salinity, and the linear term of mud content adding most to the change of deviance in the 
model.

Table 15.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Nereis Term 
succinea

Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment with sediment
presence: 288 Presence: 209
absence: 2539 Absence: 1084

intercept -7,3157 0,7048 Intercept -10,1850 1,2763
Model salinity 0,7298 0,0791 Model salinity 0,9116 0,1189

Model salinity* -0,0192 0,00207 Model salinity^ -0,0223 0,00321
Depth2 0,00176 0,000477 Depth2 0,00233 0,00115
Maxeb 4,3277 1,3017 Maxeb 13,1415 2,3534

Maxeb2 -3,0348 1,0775 Maxeb2 -7,7727 1,9980
Maxfl -5,8788 1,0363 Maxfl -10,7415 1,6378

Maxfl2 1,7866 0,8368 Maxfl2 4,8428 1,3154
Median -0,0110 0,00257

Mud 0,0741 0,0205
Mud2 -0,00104 0,000293

concordance 81,1% Concordance 86,2%

Percent correct predictions
The logistic regression model, without sediment characteristics, included, predicts 

overall 88,1 % of the responses correctly (Table 15.4). However, only 41,7% of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased to 60,3%, indicating a better 
performance of the model including sediment characteristics.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
o f actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 15.4. Comparative statistics on the predicted and observed occurrence ofN . succinea in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

Nereis su cc in ea  (p=0,287)
(without se d im en t characteristics)

R esponse
Observed

Model
Pm Am Total

%
correct

Po 120 168 288 4 1 ,7
Ao 168 2371 2539 9 3 ,4

Total 288 2539 2827 88,1

Difference betw een  proportions 0 ,3 5 0
95%  Cl -1 ,0 0 0  to 0 ,3 9 9 (normal approximation)

Fisher exact test: 1-tailed p <0.0001 (exact)
(observed  by model: Po<Ao)|

Nereis su cc in ea  (p=0,34)
(with sed im en t characteristics)

R esp on se
Observed

Model
Pm Am Total

%
correct

Po 126 83 209 60 ,3
Ao 83 1001 1084 9 2 ,3

Total 209 1084 1293 79 ,4

Difference betw een  proportions 0 ,5 2 6
95%  Cl -1 ,0 0 0  to 0 ,5 8 4 (normal approximation)

Fisher exact test: 1-tailed p <0.0001 (exact)
(observed by model: Po<Ao)
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ECO PRO FILE o f  P o l y d o r a  spp.

I n t r o d u c t io n

Polydora spec, was, in comparison with Pygospio elegans, not a very common spionid 
species in the Schelde estuary, which was mainly observed in the littoral zone. In general 
density and biomass values were low and Polydora spp. did not contribute much to the total 
macrobenthic density and biomass in the Schelde estuary.

A u t o -e c o l o g y

P o l y d o r a  s p p ._____________________________Annelida, Polychaeta
General

As the genus Polydora is a difficult group in terms of determination, and as this genus was not always 
determined at species level, all individuals belonging to the genus Polydora were lumped to Polydora spp. Most 
species were determined as Polydora ligni. Other species observed were Polydora ciliata.

The spionid polychaete Polydora spp. is a typical euryhaline species, living in a U-shaped, with mucus 
strengthened burrow (tube). Only the long palps extend out of the sediment surface. P. ligni can be found in huge 
densities, being considered as an indicator for organic pollution (ANGER et al., 1986). REISH (1984) mentions P. 
ciliata as indicator for organic pollution.

Habitat preferences
Salinity: P. ligni is a euryhaline species, tolerating a wide range of salinities, with a preference for the 

brackish zone. In the Delta area P. ligni is observed from 1-3 g 0 7 1  to 16.5 0 / 1  ( W o l f f ,  1973). P. ciliata 
penetrates the estuary only down to a chlorinity o f 10-12 g 0 7 1  (WOLFF, 1973).

Sediment type: Polydora spp. can be observed in a wide range of substrates: P. ligni prefers, very fine, 
muddy sediments (W o l f f , 1973) , whereas P. ciliata lives (burrows) in hard substrates , like shells (K o r r in g a , 
1951), sandstone (GUDMUNDSSON, 1985), limestone, wood, etc. (DORSETT, 1961). Seldom P. liciata has been 
observed in loose sediments (WOLFF, 1973).

Feeding
Both P. ligni and P. ciliata are mainly selective deposit feeders which feed by means of their two lined 

palps, but they can also behave as suspension feeders (KORRINGA, 1951; B l a k e , 1971; D a r o  &  P o l k , 1973; 
D a u e r  et al., 1981; T a g h o n , 1982). Movement patterns of feeding palps are species-specific, and vary with 
animal size, types o f habitats, presence o f suspended particles, and hydrodynamic conditions (D a u e r  et al., 
1981; Q ia n  &  C h ia , 1997).

Population dynamics and life history
P. ligni has a mean life span of 13 months and is already after 1 month sexually mature (ANGER et al., 

1986). Polydora spp. has separated sexes. The eggs are deposited in a transparent egg capsule in the tube of the 
female (GUDMUNDSSON, 1985; Z a ja C, 1986). The larvae develop in the tube until a length of three segments, 
after which they are released in the water column. The larvae settle when they have 15-20 segments 
(GUDMUNDSSON, 1985; Z a ja c , 1986). ZAJAC (1986) observed negative effects on the growth and reproduction 
of P. ligni with a decreasing food availability and/or an increasing intraspecific density.

139



Macrobenthos Schelde estuary

POLYDORA SPEC. 
occurrence

•presence (388) 
•absence (2724)

POLYDORA SPEC. 
density (N/m2)

f
18.000
9.000
1.800

Figure 16.2. Geographical distribution maps o f  Polydora spp. in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW  m 2) data (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
In the polyhaline (salinity  region I and 2) and the a -m esohaline  (salinity region 3) zone 

Polydora spp. was m ainly observed in the littoral zone with a presence o f 20-23%  (Table
16.1); in the subtidal zone the species was observed < 5% of the sam pling occasions. In the 
ß-m esohaline zone (salinity region 4) a different pattern was observed, with Polydora spp. 
present in all depth strata, being m ost observed in the deep subtidal and the channel.

This pattem  o f occurrence was not reflected in the observed mean biom ass and density 
(Figure 16.1). Only in the littoral zone o f salinity regions 2 and 3 relatively high mean values 
o f biom ass and density were observed. In all o ther strata mean biom ass and density were very 
low. Polydora spp. does not contribute m uch to the total m acrobenthic density and biom ass 
in the Schelde estuary. The geographical distribution o f Polydora spp. in the Schelde estuary 
is shown in Figure 16.2.

Table 16.1. Occurrence (p/a) o f  Polydora along the salinity and depth gradients o f  the Schelde 
estuary. N -  number o f  observations (salinity regions: 1&2 : polyhaline; 3&4: mesohaline).

Ï 2 3 4

Littoral
U ndeep  subtidal 
D eep  subtidal 
Channel

2 1 ,0  % (n=262) 
3 ,3 %  'n=151 ) 

0 %  (n=123) 
4 ,8 %  (n=186)

19 ,9  % (n= 503)  
3 ,9  % (n=153) 
2 ,3 %  (n=130)
4 ,0  % (n=173)

23,1 % (n=485) 
2 ,4  % (n=127) 
0 ,9  % (n = 112)
6 ,0  % (n=232)

12,2  % (n= 287)
1 1,8 % (n=51 ) 
1 9 ,4 %  (n=67) 
27,1 % (n=70)

a  m  - .........................—i1 -
N
j 1

ra«Lii j _n  i r-taj n  ¡
1 2  3 4

a re a

El littoral a  undeep subtidal odeep subtidal □channel

1 2  3 4
area

□ littoral b  undeep subtidal Qdeep subtidal ochannel

Figure 16.1. Mean density (ind m 2) and biomass (g AFDW m 2) o f  Polydora spp. along the salinity 
and depth gradient in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: mesohaline).

Seasonal variations: spring versus autumn occurrence
A  large difference was observed betw een spring and autum n occurrence in the littoral 

zone, with the species being nearly absent in spring, especially  in salinity region 4 (Table
16.2). This was clearly reflected in the m ean density and biom ass.

Table 16.2. Spring (March  -  M ay) versus autumn (Augustus - October) occurrence (p/a), density (ind 
m 2) and biomass (g AFDW  m 2) o f  Polydora spp. in the littoral zone o f  the Schelde estuary (salinity 
regions: 1&2: polyhaline; 3&4: mesohaline).

LITTORAL 1 2 3 4

P re sen ce  Spring 5 ,2  % (n=97) 7 ,7 %  (n= 169) 8 ,2 %  (n=147) 0  % (n= 33)
Autumn 31,1 % (n=135) 2 8 ,0 %  (n=218) 30,1 % (n=249) 1 2 ,6 %  (n= 214)

Density Spring 3 37 63 0
Autumn 3 2 7 946 637 18

B iom ass Spring 0 ,0 0 0 8 0 ,0 0 9 3 0 ,0 1 1 4 0
Autumn 0 .0 2 9 8 0 ,0 7 6 5 0 ,0 6 6 6 0 ,0 0 2 6
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in the ‘model salinity’ model, 

whereas in the ‘temporal salinity’ model none of both terms were included. An unimodal 
response curve for model salinity was observed with an optimum at 17,5 psu. However, 
Polydora spp. showed a broad tolerance, indicating a broad occurrence along the whole 
estuary, which was already indicated by Table 16.1.

Polydora Term Regression Standard error Q 1 5 -
--------- t e r r p o r a l  s a t i r r t y

spp. coefficient ........ rn x ä  s a l r t t y

present: 289
absent: 2823

Intercept -2,2791 0,0618
Temporal salinity - - Q.

Temporal salinity2 - -
Concordance -

Intercept -3,6535 0,5053
Model salinity 0,1891 0,0553
Model salinity2 -0,00539 0,00142 5  1 0  1 5  2 0  2 5  3 0  3 6

Concordance 53,70% saferity

Depth
Both the linear and quadratic term of depth were included in the model. The response 

showed a (shallow) decrease in probability of occurrence with increasing depth, but the slope 
suggested also the presence of Polydora spp. in the subtidal zone, with a small increase in 
probability of occurrence at a depth > 20m. This is in accordance with Table 16.1, where in 
the ß-mesohaline zone Polydora spp. was most observed in the deep subtidal and the channel, 
but the number of observations here is much less as compared to the other salinity regions, 
making the response less clear.

Polydora Term Regression Standard error
spp. coefficient

present: 250 
absent: 2624

Intercept -1,3967 0,1075
Depth -0,2641 0,0290
depth2 0,00753 0,000985
Concordance 67,80%

cfeflh(mN«P+25rT)

Maximum ebb and flood current velocities (m.s~ )
Only the linear term was included in the maximi 

models. This resulted in more or less similar sigmoidal 
current velocity, showing a high probability of occurrence with small current velocities and a 
gradual decreasing probability of occurrence with increasing current velocities.
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Polydora
spp.

Term Regression
coefficient

Standard error

present: 285 
absent: 2752

Intercept -0,8481 0,1312
Maxeb -2,5872 0,2459
Maxeb2
Concordance 70,60%

"

Intercept -0,9719 0,1124
Maxfl -2,4457 0,2173
Maxfl2
Concordance 71,30%

m ®  flood

a

000 -
00 o í 02 03 04 05 08 07 08 09 1.0 1.1

correct vetoaty(rrVs)

Sediment characteristics: median grainsize ium) and mud content (%)
Only the linear term was included in the median grain size model, whereas in the mud 

content model both the linear and the quadratic term were included. This resulted in a 
sigmoidal curve for median grain size, showing a high probability of occurrence in muddy and 
very fine sand sediments (small p. m for median grain size), and an unimodal response curve 
for mud content, with an optimum at 45%., but with a relatively broad tolerance.

Polydora Term 
spp.

Regression
coefficient

Standard error

present: 172
absent: 1330

Intercept -0,9367 0,1235
Median - -

median2 -0,00005 5.742E-6
Concordance 74,1%

present: 172
absent: 1214

Intercept -3,1689 0,1772
Mud 0,1036 0,0130
mud2 -0,00114 0,000183
Concordance 73,90%

rad  carteri (< 63 a/t) 
medan ganeiaB (#/t|

030-

Q.

ooo-
200 290 3000 50 100 15D

ædrTBrt characteristics
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, the linear and/or quadratic 
terms of all abiotic variables were included in the model (Table 16.3), with the linear term of 
maximum flood current velocity and the quadratic term of depth and temporal salinity adding 
most to the change in deviance. The model with sediment characteristics performed slightly 
better, and now the linear term of median grain size and the linear term of model salinity 
added most to the change of deviance in the model.

Table 16.3. Results f o r  the binary m ultiple log istic  regression m odel, without an d  with sedim ent 
characteristics included, respectively.

Polydora
spp.

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

Without sediment 
Presence: 250 

Absence: 2577

intercept -4,4166 0,6060

with sediment 
presence: 155 
absence: 1138

intercept -5,7512 0,8993
Temporal salinity 0,2862 0,0742 Temporal salinity 0,4337 0,1258

Temporal salinity* -0,00521 0,00218 Temporal salinity* -0,0107 0,00384
Model salinity 0,1662 0,0805 Model salinity 0,3275 0,1242

Model salinity* -0,00662 0,00224 Model salinity* -0,00758 0,00361
Depth* 0,00231 0,000507 Depth* 0,00260 0,000948

Maxeb* -1,0783 0,3797 Maxfl -2,5222 0,4731
Maxfl -2,4005 0,3726 Median -0,0172 0,00194

concordance 77,6% Concordance 82,7%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 88,3 % of the responses correctly (Table 16.4). However, only 34,0 % of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased to 50,3 %, indicating a better 
performance of the model including sediment characteristics.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 16.4. Comparative statistics on the predicted and observed occurrence o f Polydora spp. 
in the Schelde estuary based on the regression models without and with sediment 
characteristics included, respectively. (Po = Present observed; Ao  = Absent observed; Pm = 
Present predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed 
test (observed by model: Po<Ao).

Polydora spp.(p=0,226)
(without se d im en t characteristics)

R esp on se Model %
O bserved Pm Am Total correct

Po 85 165 250 34
Ao 165 2412 2577 93,6

Total 250 2577 2827 88,3

Difference between proportions 0,276
95%  Cl I -1 ,0 0 0  to 0 ,3 2 6  (normal approxim ation)

Fisher exact test: 1-tailed p <0.0001 (exact)  
(observed  by model: Po<Ao)|

Polydora sp p . (p=0,281 )
(with sed im en t characteristics)

R esp on se
O bserved

Model
Pm Am Total

%
correct

Po 78 77 155 50,3
Ao 7 7 1061 1138 93,2

Total 155 1138 1293 88,1

Difference betw een proportions 0,436
95%  Cl I -1,000 to 0,503 (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed  by model: Po<Ao)|
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ECOPROFILE o f  P y g o s p io  e l e g a n s

In t r o d u c t io n

Pygospio elegans is a very common spionid species in the intertidal zone of the Schelde 
estuary. This species had the highest mean density of all macrobenthic species observed. 
However, its contribution to the overall macrobenthic biomass is low.

A u t o -e c o l o g y

P y g o s p ie  e l e g a n s Annelida. Polychaeta
General

The polychaete Pygospio elegans is a typical euryhaline species, which enters the estuaries up to the brackish 
zones, being very common in the intertidal areas of the Delta area (WOLFF, 1973). P. elegans lives in a with mucus 
strengthened burrow (tube).

Habitat preferences
Salinity: P. elegans penetrates the estuary up to the mesohaline zone (WOLFF, 1973). The species has been 

observed in salinities down to 4,5 g Cl /1 in the former Zuiderzee (D e  VOS, 1936) and salinities down to 3-3,5 g 
Cl /1 in Finnish waters (L a a k s o , 1968). G r e e n  (1968) observed P. elegans tolerating salinities down to 1,2 g Cl' 
/I for short periods. MUUS (1967) reports that P. elegans is still reproducing in mesohaline waters.

Sediment type and tidal elevation: P. elegans prefers fine, muddy sand (WOLFF, 1973). According to 
MUUS (1967) P. elegans occurs in sandy and mixed sediments, whereas H a r t m a n n -Sc h r ö d e r  (1971) mentions 
no certain preference for this species. Also L in k e  (1939) states that P. elegans does not prefer a certain sediment 
type, but the presence o f diatoms is of importance. DESPREZ et al. (1986) observed an increase in P. elegans with 
increasing mud content. The major part of the individuals o f P. elegans lives in the intertidal zone, which fact is 
in accordance with the photopositive behaviour of the larvae (WOLFF, 1973).

Feeding
P. elegans is a selective deposit feeder which, like other spionids, scrapes its food with its tentacles into 

its burrow (TAGHON, 1982). Its food consists of diatoms and small green algae. P. elegans also is capable o f filter 
feeding by means of a net o f  mucus threads (F a u c h a l d  &  ju m a r s , 1979).

Population dynamics and life history
The reproduction takes place between February and the end o f September, with a peak in June-August. 

On average there are two generations per year (WOLFF, 1973). The female produces egg chains (up to 16 
capsules, each with 50-60 eggs), which are attached to the tube o f the adult (S c h m id t , 1951; R a s m u s s e n , 1956; 
G u d m u n d s s o n , 1985). Only a few larvae per egg capsule develop into larvae; the rest o f the remaining eggs 
functions as nourishment for the developing larvae (GUDMUNDSSON, 1985). The larval development varies and 
both pelagic and demersal larvae can occur (RASMUSSEN, 1973; GUDMUNDSSON, 1985). Their settling is 
favoured by the presence o f a natural sediment; without such a substratum they may prolong their pelagic life for 
over two months (S m id t , 1951). Besides sexual reproduction, P. elegans also shows asexual reproduction 
(Muus, 1967; H o b s o n  &  G r e e n , 1968).

147



Macrobenthos Schelde estuary

PYGOSPIO ELEGANS 
occurrence

•presence (1114) 
•absence (1998)

PYGOSPIO ELEGANS 
density (N/m2)

100.000

50.000
10.000

Figure 17.2. G eographical distribu tion  m aps o f  P ygospio  elegans in the Schelde estuary with  
presence/absence da ta  (top) and density  (ind m 2) da ta  (bottom ).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
P. elegans was a typical species o f the littoral zone o f the Schelde estuary, with an equal 

presence (± 70% ) in salinity regions 1 to 3 (Table 17.1). In the subtidal zone o f these salinity 
regions P. elegans show ed a decreasing occurrence with increasing depth. In the ß-m esohaline 
zone (salinity region 4) the species was observed less frequently in the littoral zone (35.5% ), 
w hereas in the subtidal zone the species was relatively m ore present as com pared to the other 
salinity regions.

M ean biom ass and density  show ed the sam e pattern, w ith highest values in salinity region 
3 and very low values both in salinity region 4 and all subtidal strata (Figure 17.1). The 
geographical distribution o f P. elegans in the Schelde estuary is show n in Figure 17.2.

Table 17.1. Occurrence (p/a) o f  P. elegans along the salinity and depth gradients o f  the Schelde 
estuary. N = number o f  observations (salinity regions: 1&2: polyhaline; 3&4: mesohaline).

Ï 2 3 4

littoral
u ndeep  subtidal 
d eep  subtidal 
channel

7 3 ,3  % (n=262)
12 ,6  % 'n=151) 
5 ,7 %  (n=123)
3 ,8  % (n=186)

7 1 ,6  % (n= 503) 
1 0 ,5 %  (n=153) 

5 ,4 %  (n=130) 
3 ,5 %  (n=173)

7 0 ,5  % (n=485) 
1 0 ,2 %  (n=127) 

3 ,6  % (n = 1 12)
6 ,0  % (n=232)

3 5 ,5  % (n= 287) 
1 1 ,8 %  (n=51 ) 
1 6 ,4 %  (n=67)
11 ,4  % (n=70)

0,4 

E 0,3

Û  0,2 11.
» 04 

0

H% ny_ _ LL
¡3  littoral a  undeep subtidal ndeep subtidal □ channel

5000
1 4000
2  3000 >.
5 2000 
 ̂ 1000 

o

□ littoral Bundeep subtidal odeep subtidal n  channel

Figure 17.1. Mean density (ind m.'2) and biomass (g AFDW m 2) o f  P. elegans along the salinity and 
depth gradient in the Schelde estuary (areas: 1&2: polyhaline; 3&4: mesohaline).

Seasonal variations: spring versus autum n occurrence
P. elegans was equally  present in spring and autum n in all salinity regions (Table 17.2). 

M ean density was in general 1.5-2x higher in autum n as com pared to spring, w hereas biom ass 
values were only slightly higher.

Table 17.2. Spring (March - M ay) versus autumn (Augustus - October) occurrence (p/a), density (ind 
n i2) and biomass (g AFDW  n i2) o f  P. elegans in the littoral zone o f  the Schelde estuary (salinity 
regions: 1&2: polyhaline; 3&4: mesohaline).

LITTORAL 1 2 3 4

P re sen ce  Spring 6 8 ,0  % (n=97) 7 6 ,9 %  (n= 169) 61 ,9  % (n=147) 3 9 ,4  % (n= 33)
Autumn 7 7 ,0 %  (n=135) 66,1 % (n=218) 71,1 % (n=249) 35,1 % (n= 214)

D ensity Spring 2 1 9 9 1717 2 0 9 7 146
Autumn 3 8 9 4 2 4 3 8 4 7 4 5 93

B iom ass Spring 0 ,2 3 1 8 0 ,1 4 2 4 0 ,2 2 2 8 0 ,0 1 0 2
Autumn 0 ,2 5 6 7 0 ,1 4 9 3 0 ,3 0 1 0 0 ,0 0 8 8
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in ‘model salinity’ model, whereas 

no term was included in the ‘temporal salinity’ model. A unimodal response curve was 
observed for model salinity, with an optimum in the polyhaline zone around 21 psu. Towards 
the oligohaline zone the probability of occurrence became zero.

P ygospio Term Regression Standard error 040- ...........m x ö S E ir ity

elegans coefficient 035-

present: 926
Q3D-

absent: 2166 025-

Intercept -0,8590 0,0392 020-
Q .

Temporal salinity - - 015-

Temporal salinity2 - -

Concordance *
Q10-

Q06-

Intercept -4,5216 0,3745 QG0-

Model salinity 0,3878 0,0389 —1— '— 1— '— 1— 1— I— »— 1— »— 1— '— 1— '— 1— •
0 5  10 15 20 25 30 35

Model salinity2 -0,00923 0,000955 æirty
Concordance 61,60%

Depth
Both the linear and quadratic term of depth were included in the model. The response 

showed a decrease in chance of occurrence of P. elegans with increasing depth, but with still a 
chance of occurrence in the undeep subtidal.

0 80-
Q75-j

0701

086-

080-

056-

OSD-
046-
040-

Q.

030-
025-

02D-

015-

0 » -
005-

0 5  10 15 2D 25 3D

d a p lh  ( m N * P + 2 5 n t

Pygospio
elegans

Term Regression
coefficient

Standard error

present: 791 
absent: 2083

Intercept 1,0818 0,0881
Depth -0,5437 0,0282
depth2 0,0115 0,00125
Concordance 83,60%
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic term were included in the maximum ebb (maxeb) and 

flood (maxfl) current velocity models. The probability of occurrence of P. elegans was highest 
at lower current velocities with an optimum around 0.15-0.25 m .s'1, but with a very broad 
tolerance, especially in the lower end of the current velocities. From a current velocity of 0.5 
m .s1 onwards, a steep decrease in the probability of occurrence was observed in both models.

Pygospio
elegans

Term Regression
coefficient

Standard error

present: 892 
absent: 2145

Intercept
Maxeb
Maxeb2
Concordance

0,0158
3,8796

-8,7569
82,50%

0,2155
0,9563
0,9913

Intercept
Maxfl
Maxfl2
Concordance

0,3586 
1,6555 

-5,9637 
83,60%

0,1637
0,7689
0,7836

00 Oti 02 03 04 05 Q6 Q7 OUB 00 IjD 1,1

a r a l  velocity (mfe)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model, 

whereas no term was included in the mud content model. An unimodal response curve was 
observed for median grain size, with an optimum at 125 /im. However, P. elengans showed a 
relatively broad tolerance and only in very coarse sediments the chance of observing this 
species was very small.

Pygospio Term Regression
elegans coefficient

present: 547 
absent: 955

present: 744 
absent: 642

Intercept
Median
median2
Concordance

Intercept
Mud
mud2
Concordance

-1,4216 
0,0267 

-0,00011 
74,30%

-0,4733

Standard error

0,2472
0,00374

0,000013

0,0552

mecían granazB (prr|

ædm ert characteristics
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M u l t ip l e  s t e p w is e  l o g is t ic  r e g r e s s io n  

Binary logistic regression m odel

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and quadratic terms of 
model salinity and depth and quadratic terms of maximum ebb (maxeb) and flood (maxfl) 
current velocity were included in the model (Table 17.3), with the linear term of maximum 
flood current velocity (maxfl), the linear and quadratic term of depth and the linear term of 
model salinity adding most to the change in deviance. The model with sediment 
characteristics performed slightly better, with the linear term of maximum flood current 
velocity (maxfl), the linear and quadratic term of model salinity, and the quadratic term of 
median grain size adding most to the change of deviance in the model.

Table 17.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Pygospio
elegans

Term Regression
coefficient

Standard
error

Term Regressio
n

coefficient

Standard
error

without sediment 
Presence: 773 
absence: 2054

With sediment 
Presence: 492 
Absence: 910

Intercept 
Model salinity 

Model salinity* 
Depth 

Depth2 
Maxeb2 

Maxfl2

-5,2640
0,6872

-0,0156
-0,3914
0,0103

-1,0291
-2,3810

0,4876
0,0539

0,00135
0,0393

0,00133
0,3782
0,2974

intercept 
Model salinity 

Model salinity2 
Depth 

Depth2 
Maxfl 

Median 
Median2

-7,5609
0,9682

-0,0213
-0,4163
0,0125

-3,1578
0,0102

-0,00006

0,7049
0,0866

0,00226
0,0609

0,00198
0,4176

0,00513
0,000015

Concordance 90,3% concordance 91,5%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 85,6 % of the responses correctly (Table 17.4). The model performed very well with
75,7 % of the modelled (or predicted) presences which were also actually observed in the 
field. When including sediment characteristics in the model, this percentage was 71,1%, 
indicating an equal performance of both models.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 17.4. Comparative statistics on the predicted and observed occurrence o f  P. elegans in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao  = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

P ygosp io  e legan s (p=0,50)
(without sed im en t characteristics)

R esponse
Observed

Model
Pm Am Total

%
correct

Po 5 8 5 188 773 7 5 ,7
Ao 188 1866 2054 9 0 ,8

Total 773 2054 2827 8 5 ,6

Difference betw een proportions 0 ,6 6 5

Fisher exact test: 1-tailed p 
(observed  by model: Po<Ao)

95%  Cl I -1 ,0 0 0  to 0 ,6 9 3  (normal approxim ation) 

< 0 .0001  (exact)

P ygosp io  e legan s (p=0,353)
(with sed im en t characteristics)

R esp on se Model %
Observed Pm Am Total correct

Po 3 5 0 142 492 71,1
Ao 142 7 6 8 910 8 4 ,4

Total 492 910 1402 7 9 ,7

Difference betw een proportions
95% Cl

Fisher exact test: 1-tailed p I 
(observed  by model: Po<Ao)|

0 ,5 5 5
-1 ,0 0 0  to 0 ,5 9 4  (normal approxim ation) 

< 0.0001  (exact)
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Ecoprofile Scrobicularia plana

ECO PRO FILE o f  S c r o b i c u l a r i a  p l a n a

In t r o d u c t io n

Scrobicularia plana occurred only in the littoral, polyhaline and a-mesohaline zone of 
the Schelde estuary. Although not frequently observed, the mean biomass of S. plana 
contributes substantially to the overall macrobenthic biomass in the estuary.

A u t o -e c o l o g y

S c r o b ic u l a r ia  p l a n a  (Da Costa, 1778) Mollusca, Bivalva
General

S. plana is a common, euryhaline bivalve species. Severe winters can cause huge mortality in the populations. 
After severe winters there is however in general a large recruitment (ESSINK et al., 1991).

S. plana is living in a vertical position in the substrate, to a maximal depth o f 20 cm (HUGHES, 1969) to 30 
cm (GREEN, 1968) for adults. Smaller individuals live less deep as compared to larger ones (Zwarts & Wanink, 
1989). An inhalating siphon is held vertically and reaches the surface, whereas the exhalating one is much 
shorter and curved (HUGHES, 1969). Burrowing capacity is dependent on sedimenttype (GuÉRIN, 1961) and 
favoured by its big foot. According to HODGSON (1982), vertical migration occurs during winter. Horizontal 
migration is very rare, unlike the other Tellinids.__________________________________________________________
Habitat preferences

Salinity: Scrobicularia plana is a euryhaline species (GUERIN, 1961). With large fresh water influx shells are 
closed. In the Delta area S. plana inhabits a large range of salinities. It has been found at salinities permanently 
over 16,5 g 0  /1, as well as at about 11 g 0  /1 at high tide in the Westerschelde (W o l f f , 1973).

Sediment: S. plana is most abundant in fine sediments (muddy sand /  soft mud) high in the intertidal area 
(D a n k e r s  &  B e u k e m a , 1981; S p o o n e r  &  M o r e , 1940; W o l f f , 1973); subtidally the species is confined to the 
upper part (R a s m u s s e n , 1973; W o l f f , 1973). More important than sediment type and height as distribution 
determining factors is the presence of a waterfilm on the flat during low tide (GuÉRIN, 1961; REICHERT & 
PÖRJES, 1980)._______________________________________________________________________________________
Feeding

S. plana is primarily a non-selective deposit feeder during the whole low water period. However, the presence 
of a waterfilm is necessary for the intake o f food particles (HUGHES 1969; REICHERT &  DÖRJES 1980). The 
inhalating siphon is held 5-8 cm out o f the sediment, where it moves round and round (ZWARTS et al. 1994). 
Since S. plana is most abundant in anaerobic sediments, sulphur bacteria (4-40 pm ) are an important food source. 
The availability o f food is an important factor that determines growth in a significant way (W o r r a l l  &  W id o w s  
1983; WORRALL et al. 1983). Besides deposit feeding, S. plana can also behave as a filter feeder: when the 
sediment is inundated, the siphon is retracted to protect it against predators and to take up particles from the 
water column. Deposit feeding activity decreases in November and remains low until bottom temperatures rises 
above 7° C.
Population dynamics and life history

S. plana is a gonochoristic species with comparable numbers of male and females (H u g h e s , 1971). 
Hermaphrodites are scarce (P a e s-DA-Fr a n c a , 1956). S. plana becomes sexually mature in its second summer, at 
a size o f approximately 20 mm. Maturation o f gametes starts in April when bottom temperature exceeds 10 °C, 
and ends up in the second half of June. Spawning takes place in July-August. In bays and estuaries along the 
English Channel and North Sea recruitment is irregular and has only one cohort per year. In the latter areas, 
especially in the Wadden Sea, recruitment may be absent for several years (ESSINK et al., 1990). In southern 
populations along the Atlantic ocean (south o f Brittany), ripe gametes are found the whole year round, resulting 
in two or three distinct spawning periods (P a e s -DA FRANCA, 1956; ESSINK et al., 1990). Sperma-tozoids are 
released through the exhalating siphon, to disperse into the watercolumn. Spawning in males is synchronised and 
takes about 15 minutes. It does not induce egg deposition by females. After spawning, there is a resting period 
of several months. S. plana can become old (18 years) and as big as 54 mm (GREEN, 1968).___________________
Biotic interactions

S. plana is an important prey-item for several birds. HUGHES (1971) found a mortality rate of 5-6 % due to 
predation by Oystercatchers (Haematopus ostralegus). Siphon retraction -  after changes in pressure on the 
substrate - forms the visual stimulus for these birds (HUGHES, 1970). Other predators of S. plana are fishes 
(Pleuronectes platessa, Gadus morhua, Anguilla anguilla ,...) and crabs. Very often, they can only take parts of 
the siphon ( ‘cropping’) which regenerates quickly (HODGSON, 1981). However, siphon predation has several 
negative consequences (HODGSON, 1982; ZWARTS, 1 9 8 6 ) ._______________________________________________
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SCROBICULARIA PLANA  
occurrence

•1 to 1 (306)
0 to 1 (2806)

SCROBICULARIA PLANA  
biomass (g AFDW/m2)

1150

Figure 18.2. G eographical distribu tion  m aps o f  Scrobicu laria  p lan a  in the Schelde estuary with 
presence/absence da ta  (top) and biom ass (g A F D W  m 2) da ta  (bottom).
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Ecoprofile Scrobicularia plana

O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
S. plana  occurred only in the polyhaline (salinity regions 1 and 2) and a-m esohaline 

(salinity region 3) zone, with the highest occurrence in salinity region 1 (Table 18.1). In the ß- 
m esohaline zone (salinity region 4) the species was nearly com pletely absent. S. plana  was 
only observed in the littoral zone, being alm ost com pletely absent in the subtidal zone.

Both m ean biom ass and density was highest in salinity region 1, and decreased towards 
salinity region 4 (Figure 18.1). A lthough not frequently observed, the m ean biom ass o f S. 
plana contributes substantially  to the overall m acrobenthic biom ass in the estuary. The 
geographical distribution o f S. plana in the Schelde estuary is show n in Figure 18.2.

Table 18.1. O ccurrence (p /a) o f  S. p lana along the salin ity  and depth  gradien ts o f  the Schelde 
estuary. N — num ber o f  observa tion s (salin ity regions: 1&2: polyhaline; 3& 4: mesohaline).

1 2 3 4

Littoral 3 4 ,4  % (n=262) 2 0 ,7  % (n= 503) 2 0 ,0  % (n=485) 2 ,4  % (n= 287)
u nd eep  subtidal 1 ,3  % ‘n = 151) 0 ,7 %  (n=153) 0 ,8  % (n=127) 0 %  (n=51)
d eep  subtidal 0 % (n=123) 0 % (n=130) 0 ,9 %  (n = 112) 0 % (n=67)
channel 0 ,5 %  (n=186) 0 % (n=173) 0 ,4  % (n=232) 1,4 % (n=70)

150 -|---- — -------
na n

I 50 |  -  i  . B -
o - H   ---------------  • W _•____  ...

1 2  3 4
area

□ littoral Bundeep subtidal Qdeep subtidal nchannel

Figure 18.1. M ean density  (ind  m 2) and biom ass (g A F D W  m 2) o f  S. p lana along the salin ity and  
depth gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autum n occurrence
The littoral occurrence and density o f S. plana  were com parable betw een spring and 

autum n in all salinity regions, except for som ew hat h igher values in autum n in salinity region 
2 (Table 18.2). M ean biom ass was higher in autum n in all salinity regions.

Table 18.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence  
(presence/absence), density  (ind  m 2) and biom ass (g A F D W  m 2) o f  Scrobicu laria  p lana in the littora l 
zone o f  the Schelde estuary (salin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

LITTORAL 1 2 3 4

P r e se n c e  Spring 3 0 ,9  % (n=97) 14 ,8  % (n =  169) 17 ,0  % (n=147) 0  % (n= 33)
Autumn 3 1 ,9 %  (n=135) 23 ,9  % (n=218) 19 ,7  % (n=249) 3 ,3 %  (n= 214)

D ensity Spring 170 15 25 0
Autumn 112 110 35 2

B iom ass Spring 2,91 1,01 0 ,5 5 0
Autumn 3 ,2 8 1,96 1,15 0 ,0 4

1 2  3 4
area

□ littoral ■ undeep subtidal odeep subtidal □channel
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y )  v a r i a b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Only the quadratic term was included in the ‘temporal salinity’ model, whereas both 

the linear and quadratic term were included in the ‘model salinity’ model. This resulted in two 
different response curves. The response curve for temporal salinity showed a sigmoidal 
increase in probability of occurrence with increasing salinity, whereas for model salinity a 
unimodal curve was observed, with an optimum at 25 psu.

Scrobicularia Term
plana

present: 243 
absent: 2869

Intercept 
Temporal salinity 
Temporal salinity2 
Concordance

Intercept 
Model salinity 
Model salinity2 
Concordance

Depth
Both the linear and quadratic term were included in the depth model, resulting in an 

unimodal response curve for S. plana. An optimum as observed at 0.7m above NAP (1.8 m 
NAP on the figure) with a very narrow tolerance. This indicated not only a steep decrease in 
probability of occurrence with increasing depth, but also in the higher intertidal zone the 
probability of occurrence of S. plana was small.

Scrobicularia Term Regression Standard error
plana coefficient

present: 188 
absent: 2686

Intercept -3,3876 0,3577
Depth 2,3558 0,3900
depth2 -0,6535 0,1011
Concordance 86,40%
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Ecoprofile Scrobicularia plana

Maximum ebb and flood current velocities (m.s '1)
Both the linear and quadratic terms were included in the maximum ebb and flood 

current velocity models. This resulted in similar unimodal response curves for maximum ebb 
and flood current velocity with an optimum around 0.25 and 0.275 m .s'1 respectively.

Scrobicularia
plana

present: 237 
absent: 2800

Term Regression
coefficient

Standard error 030-1

025-

020-

Intercept -2,4124 0,3952 0,15-
Maxeb 10,3366 2,3785
Maxeb2 -20,5947 3,3339 0,10-
Concordance 83,30%

036-
Intercept -2,7641 0,3202
Maxfl 11,3836 1,9979 030-
Maxfl2 -21,0065 2,8975
Concordance 82,70%

-max eti 
max flood

03 0,1 02 03 0,4 05 03 0,7 03 03 1j0 1.1
current velocity (rrVs)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model and 

the mud content model. S. plana clearly prefered very fine sandy, muddy sediments, showing 
unimodal response curves for median grain size with an optimum at ± 80 pm  and for mud 
content with an optimum at 47 %. Especially in coarser sediments the probability of observing 
S. plana became very small.

Scrobicuiaria Term Regression Standard error
plana coefficient

present: 131
absent: 1371

intercept -2,3574 0,4123
median 0,0235 0,00792
median2 -0,00015 0,000034
concordance 77,40%

present: 124
absent: 1262

intercept -3,5404 0,2092
mud 0,0967 0,0147
mud2 -0,00102 0,000202
concordance 74,10%

025-  mjdoortert(<63*in)
 m edan granare (//n)

02D-

Q.

006-

ooo- 50 100 15D 200 293 3000
æ d rra l cteraciensbcs
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M u l t ip l e  s t e p w i s e  l o g is t ic  r e g r e s s io n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, linear and quadratic terms of 
depth and maximum flood (maxfl) current velocity, the quadratic term of temporal salinity 
and the linear term of maximum ebb (maxeb) current velocity were included in the model 
(Table 18.3), with the linear term of maximum ebb current velocity (maxeb), the linear term 
of temporal salinity and the quadratic term of maximum flood (maxfl) current velocity adding 
most to the change in deviance. The model with sediment characteristics performed slightly 
less well, with the linear term of maximum flood current velocity (maxfl), the quadratic term 
of temporal salinity, and the linear term of median grain size adding most to the change of 
deviance in the model.

Table 18.3. R esu lts f o r  the binary m ultiple lo g istic  regression  m odel, without and w ith  sedim ent 
characteristics included, respectively.

Scrobicularia Term 
plana

Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 186 
absence: 2641

With sediment 
Presence: 108 

Absence: 1185

intercept 
Temporal salinity2 

Depth 
Depth2 
Maxeb 

Maxfl 
Maxfl2

-4,5367
0,00266

1,6149
-0,4312
-2,7782
13,5840

-21,0666

0,5469
0,000371

0,4132
0,1004
0,7596
3,1460
4,3857

Intercept 
Temporal salinity2 

Maxeb2 
Maxfl 

Maxfl2 
Median

-4,6465
0,00296
-3,0796
28,6043

-45,3814
-0,0112

0,8574
0,000561

1,3788
5,5262
8,6444

0,00217

concordance 91,9% Concordance 89,4%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 92,6 % of the responses correctly (Table 18.4). The model performed only 44,1 % of 
the modelled (or predicted) presences which were also actually observed in the field. When 
including sediment characteristics in the model, this percentage was 51,9 %, indicating a 
slightly better performance including sediment characteristics into the model.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Ecoprofile Scrobicularia plana

Table 18.4. Comparative statistics on the predicted and observed occurrence o f  S. plana in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

Scrobicularia plana (p=0,283)
(without sed im en t characteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 82 104 186 44,1
Ao 104 2 5 3 7 2641 96,1

Total 186 2641 2827 92 ,6

Difference between proportions 0,401

Fisher exact test: 1-tailed p 
(observed  by model: Po<Ao)

95%  Cl I -1 ,000  to 0 ,4 6 2  (normal approxim ation) 

<0.0001 (exact)

Scrobicularia plana (p=0,231)
(with sed im ent characteristics)

R esp o n se Model %
O bserved Pm Am Total correct

P o 56 52 108 51 ,9
Ao 52 1133 1185 95 ,6

Total 108 1185 1293 9 2 ,0

Difference between proportions
95% Cl

Fisher exact test: 1-tailed p 
(observed  by model: Po<Ao)

0 ,4 7 5
-1 ,000  to 0 ,5 5 4  (normal approxim ation) 

<0.0001 (exact)

161



Macrobenthos Schelde estuary

R e f e r e n c e s

Dankers, N. & J.J. Beukema. 1981. Distributional patterns of macrozoobenthic species in 
relation to some environmental factors. In: N. Dankers, H. Kühl & W.J. Wolff (eds.), 
Invertebrates of the Wadden Sea: 69-103. Balkema, Rotterdam.

Essink, K., J.J. Beukema, J. Coosen, J.A. Craeymeersch, J.-P. Ducrotoy, H. Michaelis & B. 
Robineau. 1991. Population dynamics of the bivalve mollusc Scrobicularia plana: 
comparisons in time and space. In: M. Elliot & J.-P. Ducrotoy (eds.), Estuaries and 
Coasts: Spatial and temporal intercomparisons. Olsen & Olsen, Fredensborg, Denmark, 
p. 162-172.

Guérin, M. 1961. Etude de biotopes à Scrobicularia plana  da Costa. Cah. Biol. Mar. 11: 
417-436.

Hodgson, A.N. 1981. The blood volume of Scrobicularia plana, and an estimation of blood 
loss afte wounding. Mar. Behav. Physiol. 8: 21-33.

Hodgson, A.N. 1982. Studies on wound healing and an estimation of the rate of regeneration 
of the siphon of Scrobicularia plana (Da Costa). J. Exp. Mar. Biol. Ecol. 62: 117-128.

Hughes, R.N. 1969. A study of feeding in Scrobicularia plana. J. mar. Biol. Ass. U.K. 49: 
805-823.

Hughes, R.N. 1970. Population dynamics of the bivalve Scrobicularia plana (da Costa) on 
an intertidal mudflat in North Wales. J. Anim. Ecol. 39: 333-356.

Hughes, R.N. 1971. Reproduction of Scrobicularia plana Da Costa (Pelecypoda: Semelidae) 
in North Wales. Veliger 14: 77-81.

Paes-da-France, M.L. 1956. Variacao sazonal das gonadas em Scrobicularia plana Da Costa. 
Archos Mus. Bocage 27: 107-124.

Rasmussen, E. 1973. Systematics and ecology of the Isefjord marine fauna (Denmark). 
Ophelia 11: 1-595.

Reichert, A. & J. Döijes. 1980. Die Bodenfauna des Crildumersieler Wattes (Jade, Nordsee) 
und ihre Veränderung nach dem Eiswinter 1978/79. Senckenbergiana marit. 12: 213- 
245.

Spooner, G.M. & H.B. Moore. 1940. The ecology of the Tamar estuary. VI. An account of 
the intertidal muds. J. Mar. Biol. Ass. U.K. 24: 283-330.

Wolff, W.J. 1973. The estuary as a habitat. Zoologische Verhandelingen No. 126. Leiden, 
242 pp.

Worrall, C.M. & J. Widows. 1983. Physiological changes following transplantation of the 
bivalve Scrobicularia plana between three populations. Mar. Ecol. Prog. Ser. 12: 281- 
287.

Worrall, C.M., J. Widows & D.M. Lowe. 1983. Physiological ecology of three populations 
of the bivalve Scrobicularia plana. Mar. Ecol. Prog. Ser. 12: 267-279.

Zwarts, L. 1986. Burying depth of the benthic bivalve Scrobicularia plana (da Costa) in 
relation to siphon-cropping. J. Exp. Mar. Biol. Ecol. 101: 25-39.

Zwarts, L. & J. Wanink. 1989. Siphon size and burying depth in deposit- and suspension- 
feeding benthic bivalves. Marine Biology 100: 227-240.

Zwarts, L., A.-M. Blomert, P. Spaak & B. de Vries, 1994. Feeding radius, burying depth and 
siphon size of Macoma balthica and Scrobicularia plana. J. Exp. Mar. Biol. Ecol. 183, 
193-212.

162



Ecoprofile Spio spp.

ECOPROFILE o f  S p io  spp.

In t r o d u c t io n

The distinction between the different species of the genus Spio is very difficult. Most 
species were determined as Spio filicornis and Spio martinensis but several individuals were 
not determined at species level. Therefore, all individuals belonging to the genus Spio were 
lumped to Spio spp.

Spio spp. was present in the polyhaline zone (salinity region 1 and 2) and the a -  
mesohaline zone (salinity region 3), but was completely absent in the ß-mesohaline zone 
(salinity region 4) of the Schelde estuary. Spio spp. was observed both in the littoral zone as in 
all depth strata of the subtidal zone, with the subtidal zone becoming relatively more 
important in salinity region 3. Mean biomass and density were very low and did not show 
clear patterns.

A u t o -e c o l o g y

S p io  s p p .__________________________________Annelida, Polychaeta
General

The distinction between the different species of the genus Spio is very difficult. Most species were 
determined as Spio filicornis and Spio martinensis but several individuals were not always determined at species 
level. Therefore, all individuals belonging to the genus Spio were lumped to Spio spp.

Spio is a very opportunistic species. The worms build tubes, protruding above the surface of the sediment.

Habitat preferences
Salinity: S. martinensis is abundant in the offshore parts of the North Sea and it penetrates far into the 

estuaries (WOLFF, 1973). The limit of its occurrence is formed by the isohaline o f 10 g Cl /1 at high tide during 
average river discharge (WOLFF, 1973). However, WOLFF (1973) mentions this species being nearly absent in the 
Westerschelde.

Sediment type: Spio spp. Prefers medium to fine sandy, well sorted sediments (WOLFF, 1973). The species 
is well adapted to unstable sediments. For S. setosa, an American species, a preference for medium to coarse 
sand, often mixed with shell, large cobbles, and small boulders was observed (DAUER et al., 1981).

Feeding
S. martinensis is a suspension-feeder as well as a selective deposit-feeder (WOLFF, 1973). S. setosa, an 

American species, fed on both suspended (including resuspended) and deposited particles and increased their 
feeding rate in the presence o f  a current transporting suspended particles ( D a u e r  et al., 1981). Most o f the 
polychaetous annelids of the family Spionidae feed at the sediment-water interface with a single pair of 
tentaculate palps. They are mostly classified as both deposit- and suspension-feeders (e.g. F a u c h a l d  &  J u m a r s ,  
1979, TAGHON et al., 1980).

Population dynamics and life history
As an opportunistic species, Spio spp. reproduces already after 2 to 8 months, has a short life span of ± 1 

year, and a high productivity (2-4x per year with ± 2000 eggs per female per laying period) (GUDMUNDSSON, 
1985).
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SPIO SPEC. 
occurrence

•presence (401)
absence (2711)

SPIO SPEC. 
density (N/m2)

Figure 19.2. Geographical distribution maps o f  Spio spp. in the Schelde estuary with 
presence/absence data (top) and density (ind n i2) data (bottom).
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Ecoprofile Spio spp.

O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y  

General occurrence in relation to salinity and depth

Spio spp. was present in the polyhaline zone (salinity region 1 and 2) and the a- 
mesohaline zone (salinity region 3), but was completely absent in the ß-mesohaline zone 
(salinity region 4) (Table 19.1). Spio spp. was observed both in the littoral zone as in all depth 
strata of the subtidal zone, with the subtidal zone becoming relatively more important in 
salinity region 3.

Mean biomass and density were very low and did not show clear patterns (Figure 19.1). In 
salinity region 1 the undeep subtidal had the highest biomass and density, whereas in salinity 
region 2 and 3 the deep subtidal and the channel had relatively the highest density and 
biomass. The geographical distribution of Spio spp. in the Schelde estuary is shown in Figure 
19.2.

Table 19.1. Occurrence (p/a) o f  Spio spp. along the salinity and depth gradients o f  the Schelde 
estuary. N  =  number o f  observations (salinity regions: 1&2: polyhaline; 3&4: mesohaline).

Ï 2 3 4

littoral 2 0 ,2  % (n=262) 8 ,5  % (n= 503) 3 ,5  % (n=485) 0 % (n= 287)
u n d eep  subtidal 3 3 ,1 % 'n = 1 5 1 )  16,3  % (n=153) 15 ,0  % (n=127) 0 % (n = 5 1 )
d eep  subtidal 2 6 ,0 % (n = 1 2 3 )  2 0 ,0  % (n=130) 17 ,0  % (n = 112) 0 % (n=67)
ch an nel 1 2 ,9 % (n = 1 8 6 )  11,6  % (n=173) 3 1 ,5 % (n = 2 3 2 )  0 % (n=70)

0,025 
. 0,02 
g  0,015 
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Figure 19.1. Mean density (ind m 2) and biomass (g AFDW n i2) o f  Spio spp. along the salinity and 
depth gradient in the Schelde estuary (areas: 1&2: polyhaline; 3&4: mesohaline).

Seasonal variations: spring versus autumn occurrence
A large difference was observed between spring and autumn occurrence, with the 

species being nearly absent in spring, especially in salinity region 3 (Table 19.2). This was 
clearly reflected in the mean density and biomass.

Table 19.2. Spring (March - May) versus autumn (Augustus  -  October) occurrence 
(presence/absence), density (ind m 2) and biomass (g AFDW  n i2) o f  Spio spp. in the subtidal zone o f  
the Schelde estuary (salinity regions: 1&2: polyhaline; 3&4: mesohaline).

SUBTIDAL 1 2 3 4

P re se n c e  Spring 9 ,6 %  (n=187) 4 ,4  % (n= 203) 0 ,7 %  (n=140) 0  % (n= 33)
Autumn 3 2 ,5  % (n=268) 2 5 ,5  % (n=243) 33 ,2  % (n=331) 0  % (n= 155)

Density Spring 10 5 0 ,5 0
Autumn 110 57 69 0

B iom ass Spring 0 ,0 0 2 0 ,0 0 3 4 0 ,0 0 0 0 7 0
Autumn 0 ,0 1 3 0 ,0 0 8 8 0 ,0 1 2 0
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R e s p o n s e  c u r v e s  f o r  a  s in g l e  a b io t ic  (e x p l a n a t o r y ) v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models, giving 

unimodal similar response curves for both models. Both models showed an optimum in the 
polyhaline zone at a salinity of 26 psu. Downwards a salinity of 20 psu, a steep decline in the 
probability of occurrence was observed.

Spio spp. Term Regression
coefficient

Standard error

present: 401
absent: 2711

Intercept -11,6328 1,0660
Temporal salinity 0,8162 0,0958
Temporal salinity2 -0,0158 0,00211
Concordance 72,10%

Intercept -8,8219 0,9056
Model salinity 0,5793 0,0826
Model salinity2 -0,0113 0,00183
concordance 61,80%

02D

Q.

0.10

0.00 -0 5 10 15 20 25 3530

salinity

Depth
Both the linear and quadratic term were included in the depth model, resulting in a 

unimodal response curve for Spio spp. An optimum was observed at 11.5 m NAP (14 m NAP 
on the figure). However, Spio spp. showed a relatively broad tolerance for depth, as was 
already indicated by Table 19.1.

Regression Standard error 
coefficient

Spio spp.

present: 390 
absent: 2484

intercept
depth
depth2
concordance

-2,8752
0,2436

0,00872
64,20%

0,1369
0,0295

0,00131

dBplh(mNflP+25n
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in the maximum flood and ebb 

current velocity models. The response curves were similar for both models, showing a 
sigmoidal response with an increase in probability of occurrence with increasing current 
velocity. Only at the highest current velocities there was a small drop in probability of 
occurrence of Spio spp. Of all common spionid species in the Schelde estuary, Spio spp. 
clearly preferred the highest current velocities.

Spio spp. Term Regression
coefficient

Standard error

Present: 399
absent: 2638

Intercept -3,5240 0,2894
Maxeb 5,0769 0,8758
Maxeb2 -3,2829 0,6114
Concordance 58,70%

Intercept -4,2677 0,2748
Maxfl 7,1850 0,7985
Maxfl2 -4,4092 0,5388
Concordance 63,80%

eb
Hood

0.20 •

Q.

current velocity (nVs)

Sediment characteristics: median grainsize (um) and mud content (%)
Both the linear and quadratic term were included in the median grain size model and 

the mud content model. Spio spp. clearly prefered more coarse sediments, showing a unimodal 
response curves for median grain size with an optimum at ± 200 pm . For mud content the 
probability of occurrence decreased gradually with increasing mud content.

Spio spp. Term Regression
coefficient

Standard error

present: 170
absent: 1332

intercept -6,7564 0,7407
median 0,0523 0,00798
median2 -0,00013 0,000021
concordance 70,10%

present: 169
absent: 1217

intercept -1,1985 0,1183
mud -0,0925 0,0187
mud2 0,00074 0,000296
concordance 69,70%

 rrud centert (<63/ít |
 maiangranazBti/Tt

Q15-

QK>-

Q00-
130 2000 30 100 230

sed m o rt c ta rad en sb cs
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M u l t ip l e  s t e p w i s e  l o g is t ic  r e g r e s s io n  

Binary log istic  regression  m odel

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, only the linear and quadratic 
terms of both temporal and model salinity were included in the model (Table 19.3), with the 
linear term of temporal salinity and the quadratic term of model salinity adding most to the 
change in deviance. The model with sediment characteristics performed much better 
(concordance 91%), with the linear term of temporal salinity, the quadratic term of model 
salinity and the linear term of maximum flood current velocity (maxfl) adding most to the 
change of deviance in the model.

Table 19.3. Results fo r  the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively.

Spio spp. Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 388 

absence: 2439

with sediment 
Presence: 169 

Absence: 1124

intercept 
Temporal salinity 

Temporal salinity* 
Model salinity 

Model salinity®

-12,8212
0,6477

-0,00738
0,3082

-0,0115

1,2161
0,1445

0,00317
0,1246

0,00281

Intercept 
Temporal salinity 

Temporal salinity® 
Model salinity2 

Maxfl 
Maxfl2 

Median2 
Mud 

Mud2

-17,1183
1,1932

-0,0151
-0,00635

6,0268
-2,7218

-0,00003
-0,1292
0,00146

2,8417
0,2422

0,00535
0,00114

1,4107
0,8959

6.254E-6
0,0274

0,000423

concordance 79,5% concordance 91,0%

Percent correct pred ic tion s

The logistic regression model, without sediment characteristics, included, predicts 
overall 83,2 % of the responses correctly (Table 19.4). However, only 38,2% of the modelled 
(or predicted) presences were also actually observed in the field. When including sediment 
characteristics in the model, this percentage increased to 60,9%, indicating a better 
performance of the model including sediment characteristics.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 19.4. Comparative statistics on the predicted and observed occurrence o f  Spio spp. in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed by model: Po<Ao).

Spio spp. (p=0,281)
(without sed im ent characteristics)

R esp o n se Model %
O bserved Pm Am Total correct

Po 151 237 388 38,9
Ao 237 2202 2439 90,3

Total 388 2439 2827 83,2

Difference betw een proportions 0,292
95%  Cl I -1 ,0 0 0  to 0 ,3 3 4  (normal approxim ation)

Fisher exact test: 1-tailed p <0.0001 (exact)
(observed  by model: Po<Ao)|

Spio spp. (p=0,411)
(with sed im ent characteristics)

R esp o n se
O bserved

Model
Pm Am Total

%
correct

Po 103 66 169 60,9
Ao 66 1058 1124 94,1

Total 169 1124 1293 89,8

Difference betw een proportions 0,551
95%  Cl I -1,000 to 0,614 (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact)
(observed  by model: Po<Ao)|
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Ecoprofile Tharyx marioni

ECOPROFILE o f  T h a r y x  m a r i o n i

In t r o d u c t io n

Tharyx marioni was a relatively common spionid species in the Schelde estuary, 
showing a decrease in occurrence with decreasing salinity and increasing depth. T. marioni 
was only regularly observed in the littoral, polyhaline zone. However, the species was not 
completely absent in the subtidal zone, being situated between the other spionids P. elegans (a 
more littoral species) and Spio spec, (a more subtidal species). In the mesohaline zone T. 
marioni was nearly completely absent. Mean biomass and density were by far highest in the 
littoral zone of salinity region 1.

A u t o -e c o l o g y

THARYX m a r io n i  (Sa in t -JOSEPH, 1 8 9 4 )  Annelida. Polychaeta
General

Tharyx marioni is a  sm all, eu ryhaline polychaete which can be o bserved  from  the eulittoral zone to a depth o f  
5000 m (H a r t m a n n -Sc h r ö d e r , 1971). T. marioni lives in the upper 5 cm  o f  the sedim ent in non perm anent 
burrow s and can perform  a high intensity  o f  digging.

Habitat preferences
Salinity: T. marioni is ca tego rised  as an  eu ryhaline  species (WOLFF, 1973). In  the W esterschelde  the 

sp ec ies  is found  a t a salin ity  o f  7-8 g C l /1 (WOLFF, 1973).
Sediment type and vertical distribution: T. marioni prefers less well sorted, muddy sediments (WOLFF, 

1973). Also So u t h w a r d  (1957) and G ib b s  (1969) describes the sediment preference of T. marioni as mud and 
muddy sand. On the other hand, H a r t m a n n -S c h r ö d e r  (1971) recorded the species alsof from coarse sands with 
pebbles and stones. The vertical distribution of T. marioni ranges from the upper part of the intertidal zone down 
to a depth of 25 m (W o l f f , 1973).

Feeding
T. marioni is a non selective deposit feeder (WOLFF, 1973).

Population dynamics and life history
T. marioni is capable of reproducing several times per year, but the first reproduction takes place at the 

end o f the second year of its life (G ib b s , 1971; F a r k e , 1979). D a l e s  (195 la) mentions egg deposition in the 
sand, after which the hatched larvae immediately burrow themselves and therefore do not know any pelagic life 
cycle (G ib b s , 1971; F a r k e , 1979). However, according to H a r t m a n n -S c h r ö d e r  (1971) the larvae are indeed 
pelagic.
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THARYX MARIONI 
occurrence

•presence (480) 
absence (2632)

THARYX MARIONI 
biomass (g AFDW/m2)

® 0,6

Figure 20.2. G eographical distribu tion  m aps o f  Tharyx m arioni in the Schelde estuary with  
presence/absence da ta  (top) and biom ass (g  A F D W  m 2) da ta  (bottom).
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O c c u r r e n c e  in  t h e  S c h e l d e  e s t u a r y

General occurrence in relation to salinity and depth
Tharyx marioni show ed a typical decrease in occurrence with decreasing salinity and 

increasing depth (Table 20.1). T. marioni was only regularly observed in the littoral, 
polyhaline zone (salinity region 1-2). H ow ever, the species was not com pletely absent in the 
subtidal zone, being situated betw een the other spionids P. elegans (a m ore littoral species) 
and Spio spp. (a m ore subtidal species). In the m esohaline zone T. marioni was nearly 
com pletely absent. M ean biom ass and density were by far highest in the littoral zone of 
salinity region 1 (Figure 20.1). The undeep subtidal zone o f salinity region 1 and the littoral 
zone o f salinity region 2 had com parable values for both biom ass and density. In the other 
zones biom ass and density  were very low. The geographical distribution o f T. marioni in the 
Schelde estuary is shown in Figure 20.2.

Table 20.1. O ccurrence (p /a) o fT . m arioni along the sa lin ity  and depth  gradien ts o f  the Schelde 
estuary. N  = num ber o f  observa tion s (sa lin ity  regions: 1&2: polyhaline; 3& 4: m esohaline).

i g 3 4

littoral
undeep subtidal 
deep subtidal 
channel

50,8 % (n=262) 
21 ,2  % *n=151 ) 
13,0%  (n=123) 

5 ,4%  (n=186)

42 ,0  % (n= 503) 
9 ,8%  (n=153) 
6,9 % (n=130)
9,8 % (n=173)

5,0 % (n=485) 
4 ,7 %  (n=127) 
0 ,9%  (n=112) 
1,7 % (n=232)

0,4 % (n= 287)
1,9 % (n=51 ) 
0,0 % (n=67) 
0,0 % (n=70)

0,4

E 0,3 --

Q  0 , 2  - -

31 2 4
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Figure 20.1. M ean density  (ind  m 2) and biom ass (g A F D W  n i2) o fT . m arioni along the sa lin ity  and  
depth  gradien t in the Schelde estuary (areas: 1&2: polyhaline; 3& 4: m esohaline).

Seasonal variations: spring versus autumn occurrence
T. marioni was equally  present in spring and autum n in all salinity regions (Table 20.2). In 

salinity region 1 m ean density  doubled in autum n, w hereas in salinity region 2 only a slight 
increase was noticed. B iom ass values were com parable.

Table 20.2. Spring (M arch - M ay) versus autumn (Augustus - O ctober) occurrence (p/a), density  (ind  
n i2) and biom ass (g A F D W  n i2) o fT . m arioni in the littora l zone o f  the Schelde estuary (salin ity  
regions: 1&2: polyhaline; 3& 4: m esohaline).

LITTORAL 1 2 3 4

Presence Spring 46,4  % (n=97) 40,8 % (n= 169) 5,4 % (n=147) 3,0 % (n= 33)
Autumn 51,1 % (n=135) 42 ,2  % (n=218) 5,2 % (n=249) 0,0 % (n= 214)

Density Spring 1271 454 46 2
Autumn 2414 569 7 0

Biom ass Spring 0,2664 0,0775 0,0230 0,000025
Autumn 0,3095 0,0669 0,0014 0
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R e s p o n s e  c u r v e s  f o r  a  s i n g l e  a b io t ic  (e x p l a n a t o r y )  v a r ia b l e

A logistic regression model for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-2 or sampling occassions with more than one individual found, the 
species was considered as being present.

Model salinity and temporal salinity
Both the linear and quadratic term were included in both salinity models. However, 

two different response curves were obtained. The response curve for temporal salinity showed 
a sigmoidal increase in probability of occurrence with increasing salinity, whereas for model 
salinity a unimodal curve was observed, with an optimum at 26,5 psu.

Tharyx Term Regression Standard error ------ terrpord sairity
marioni coefficient 025- .........m x ä  sairity /

present: 3 7 7
020- / /  \

absent: 2 7 3 5 1 /  '■
Intercept -5 ,0 6 4 2 0 ,5 3 9 7 Q15- /  \
Temporal salinity 0 ,2131 0 ,0 5 4 2 Q. A  \
Temporal salinity2 -0 ,0 0 2 7 8 0 ,00131 010- /  /
Concordance 6 8 ,4 /  /

QC6- /
Intercept -2 0 ,4 5 0 2 2 ,0 6 3 2
Model salinity 1,4531 0 ,1 6 8 8
Model salinity2 -0 ,0 2 7 3 0 ,00341 5 10 15 20 25 30 36

Concordance 70 ,10% safirty

Depth
Only the linear term of depth was included in the model, giving a linear logit curve for 

depth. The relatively shallow slope of the curve indicated also the presence of T. marioni in 
the subtidal zone (see also Table 20.1).

Regression Standard error 
coefficient

TermTharyx
marioni

present: 320 
absent: 2554

Intercept
Depth
depth2
Concordance

-1,1171
-0 ,1 9 8 5

0 ,0 8 9 5
0 ,0 1 9 0

aw-
69 ,20%

tfepti(m N»P+23TÍ
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Maximum ebb and flood current velocities (m .s1)
Both the linear and quadratic terms were included in the maximum ebb and flood 

current velocity models. This resulted in unimodal response curves for maximum ebb and 
flood current velocity with an optimum around 0.35 and 0.30 m .s'1 respectively.

Tharyx
marioni

Term Regression
coefficient

Standard error

present: 360 
absent: 2677

Intercept
Maxeb
Maxeb2
Concordance

-2,7354
9,7184

-13,9420
78,50%

0,3166 
1,5009 
1,6792

Intercept
Maxfl
Maxfl2
Concordance

-1,8410
5,1387

-8,6742
77,30%

0,2164
1,0834
1,1839

Sediment characteristics: median grainsize (um)  and mud content (%)
Both the linear and quadratic term were included in the median grain size model and 

the mud content model. T. marioni clearly prefered very fine sandy sediments, showing 
unimodal response curves for median grain size with an optimum at ± 100 fim  and for mud 
content with an optimum of 35%. However, T. marioni showed a relatively broad tolerance 
and only in very coarse sediments or sediments with a very high mud content the probability 
of observing this species was very small.

 rrax et)
max flori

025

02D-

000-
00 01 02 03 04 05 06 07 03 09 1j0 1.1

currert \Æ*odty (n-Vs)

Tharyx Term Regression Standard error
marioni coefficient

present: 208
absent: 1294

Intercept -2,4274 0,3442
Median 0,0225 0,00546
median2 -0,00011 0,00002
Concordance 68,90%

present: 199
absent: 1187

Intercept -2,5818 0,1467
Mud 0,0961 0,0129
mud2 -0,00133 0,000202
Concordance 69,80 %
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M u l t i p l e  s t e p w i s e  l o g i s t i c  r e g r e s s i o n  

Binary logistic regression model

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available for a limited set of data, the analysis was 
run seperately with and without sediment data.

In the regression model without sediment characteristics, the linear and quadratic terms 
of model salinity and of maximum ebb (maxeb) current velocity, and the linear term of 
maximum flood (maxfl) current velocity were included in the model (Table 20.3), with the 
linear term of maximum flood current velocity and the linear term of model salinity adding 
most to the change in deviance. The model with sediment characteristics performed slightly 
better, and now the linear term of model salinity, of maximum ebb current velocity (maxeb) 
and of median grain size added most to the change of deviance in the model.

Table 20.3. R esults f o r  the binary m u ltip le  log is tic  regression model, w ithout an d  with sedim ent 
ch aracteristics included, respectively.

Tharyx
marioni

Term Regression
coefficient

Standard
error

Term Regression
coefficient

Standard
error

without sediment 
presence: 311 

absence: 2516

Intercept -19,0210 2,5408

with sediment 
Presence: 175 

Absence: 1118

Intercept -25,8280 4,3270
Model salinity 1,3346 0,2147 Temporal salinity -0,0561 0,0258

Model salinity2 -0,0238 0,00439 Model salinity 2,2086 0,3668
Maxeb 7,4817 1,9223 Model salinity2 -0,0395 0,00768

Maxeb2 -9,9597 1,9936 Maxfl -3,0273 0,5573
Maxfl -3,0372 0,3964 Median -0,0157 0,00190

Concordance 90,2% concordance 93,1%

Percent correct predictions

The logistic regression model, without sediment characteristics, included, predicts 
overall 89,5 % of the responses correctly (Table 20.4). The model performed well with 52,1% 
of the modelled (or predicted) presences which were also actually observed in the field. When 
including sediment characteristics in the model, this percentage increased to 68%, indicating a 
better performance of the model including sediment characteristics.

The Fisher exact test was for both models highly significant, indicating that the model 
and the observations performed better than by random chance. In other words, the proportion 
of actually observed presences in the class where the model also predicted presences was 
significantly higher than by random chance (one-tailed test).
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Table 20.4. Comparative statistics on the predicted and observed occurrence ofT. marioni in 
the Schelde estuary based on the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao = Absent observed; Pm = Present 
predicted by the model; Am  = Absent predicted by the model). Fisher exact one-tailed test 
(observed.by model: Po<Ao).

Tharyx marioni (p=0,397)
(without sed im en t characteristics)

R esp on se
Observed

Model
Pm Am Total

%
correct

Po 162 149 311 52,1
Ao 149 2 3 6 7 2516 94,1

Total 311 2516 2827 8 9 ,5

Difference betw een proportions 0 ,462

Fisher exact test: 1-tailed p 
(observed  by m odel: Po<Ao)

95%  Cl I -1 ,000  to 0 ,5 0 9  (normal approxim ation) 

<0.0001 (exact)

Tharyx marioni (p=0,378)
(with sed im ent characteristics)

R esp on se
O bserved

Model
Pm Am Total

%
correct

Po 119 5 6 175 68
Ao 56 1062 1118 95

Total 175 1118 1293 91 ,3

Difference betw een proportions 0 ,630
95%  Cl -1 ,000  to 0 ,6 8 9  (normal approxim ation)

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed  by m odel: Po<Ao)|
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External validation Oosterschelde

External validation of the ‘response curve’ regression models from the 
Schelde estuary in another coastal area, the Oosterschelde

I n t r o d u c t i o n

In order to examine the suitability or the predictive power of the obtained ‘response 
curve’ models in other estuarine or coastal areas, a preliminary validation was performed on 
macrobenthos data of the Oosterschelde. As the Oosterschelde is a quite different ecosystem, 
being more a ‘coastal basin’ then a ‘true estuary’, this comparison can indicate to what extent 
the response models obtained in the Schelde estuary are applicable in other systems.

M a t e r i a l  &  M e t h o d s

The abiotic environment o f the Oosterschelde
A large scale coastal engineering project has been carried out in the southwest of the 

Netherlands to protect the Delta area of the Rhine and Meuse from flooding. It has resulted in 
several former estuaries being closed off from the North Sea and the Oosterschelde being 
partially closed by a storm-surge barrier. These engineering works were completed in 1987. 
The construction of the storm-surge barrier and the compartment dams on the northern and 
eastern boundaries of the estuary changed some of the abiotic characteristics. As a result, the 
Oosterschelde can not be considered anymore as a ‘true’ estuary, but rather a coastal basin, 
characterised by a stable high salinity (very low freshwater load) in the whole area and small 
nutrient loads with very low concentrations of suspended matter. Sediments in the 
Oosterschelde are overall relatively sandy with a low silt content.

Therefore, it can be concluded that the Oosterschelde ‘coastal basin’ ecosystem is 
quite different from that of the Schelde ‘estuarine’ ecosystem.

Macrobenthos data on the the Oosterschelde
Data on macrozoobenthos were available from two different datasets. A first dataset, 

the Interecos campaign of 1989, contained 300 sampling locations, sampled on three different 
intertidal flats of the Oosterschelde in August 1989 (M eire  et al., 1994). The 305 sampling 
locations were distributed over different, predefined strata according to a stratified random 
sampling strategy (V a n  D er  M eer  et al., 1989).

A second macrobenthos database was obtained from the BIOMON project, which is 
the Dutch national monitoring programme of the Delta area, which started in spring 1990. In 
this monitoring programme, the different salt water systems of the Delta area (Westerschelde, 
Oosterschelde, Veerse Meer, and Grevelingen) are being surveyed twice a year, in spring 
(March-April-May) and autumn (August-September-October). In the Oosterschelde, three 
different areas were chosen, one near the storm surge barrier (mouth) of the estuary, one in the 
northern branch of the estuary and one in the southern branch of the estuary (C raey m eer sc h , 
1999). In each subarea, four depth strata were defined (see Material & Methods for the 
Westerschelde data), in which randomly 10 sampling locations were selected in autumn 1994. 
These stations were revisited at each sampling campaign. This gave 120 sampling locations at 
each survey. Data used in this study deal with the period autumn 1994 -  autumn 1997, thus 
comprising seven surveys, with a total of 840 sampling occassions.
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In total 1140 sampling occassions were used for the purpose of the validation. In 
general, similar sampling strategies and laboratory methodologies were used, as the analyses 
were performed by the same institutes as for the Schelde estuary.

As for the Schelde estuary, salinity and current velocity (both maximum ebb and 
maximum flood current velocities) estimates were obtained from model calculations. Because 
the Oosterschelde was characterised by a very stable salinity, with no clear seasonal 
differences, ‘temporal salinity’ was set equal to ‘model salinity’. At all subtidal stations, depth 
was recorded at the time of sampling. The height of the intertidal stations was for some 
stations measured directly in the field, but for far the most the height was obtained from a 
Geographical Information System (GIS), storing all bathymetric data in the area.

Data on sediment characteristics were only available for the Interecos campaign (n= 
300) and one Biomon campaign (spring 1996, n=106).

Statistical analysis
The regression model obtained for each macrobenthic species from the Schelde estuary 

data was used to calculate predictions for the Oosterschelde sampling occasions. As only a 
very limited dataset on sediments were available, only the regression models without sediment 
characteristics were used.

Predictions of species responses on these sampling occassions were compared to the 
really observed presence/absence data analogous to the procedure followed for the Schelde 
estuary. Also these pairs of values were sorted on the basis of predicted responses and divided 
into four classes with increasing p-value (p < 0.25; 0.25<p<0.50; 0.50<p<0.75; >0.75).

R e s u l t s

Abiotic characterisation o f the Oosterschelde sampling occassions
The Oosterschelde was characterised by a very high salinity in the whole area, 

resulting in a mean salinity of 29.98 (Table 1). Only in the most upper regions of the two 
branches of the estuary a somewhat lower salinity was observed, but the whole Oosterschelde 
was situated in the polyhaline zone, and therefore resembles the salinity region 1 of the 
Schelde estuary. As the river runoff to the Oosterschelde is neglictable, only slight seasonal 
differences in salinity were observed, resulting in an almost stable salinity throughout the 
year. Therefore, no ‘temporal salinity’ was estimated for the Oosterschelde, as it was for the 
Schelde estuary.
Mean maximum ebb and flood current velocities were lower as compared to the Schelde 
estuary, with higher mean values under flood conditions. Current velocities were lower in the 
intertidal zone as compared to the subtidal zone, with 0.16/0.26 (ebb/flood) and 0.28/0.43 
(ebb/flood) respectively. Based on the median grain size, the Oosterschelde sediments were in 
general fine sand sediments, but with a very low mud content, especially in comparison to 
mud contents observed in the Schelde estuary.
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Table 1. M ean, m inim um  an d  maximum o f  some ab io tic  variab les in the O osterschelde (curren t 
velocities in nus'1, m edian  grain  size  in fim, and m ud content in volum e %).

Parameter N Mean Min. Max.

Salinity n :--1140 29.98 27 32
Maximum ebb current velocity n == 1011 0.233 0.02 0.8
Maximum flood current velocity n == 1085 0.356 0.02 0.9
Median grain size n := 406 159.6 91.9 559
Mud content n := 406 3.5 0 48.6

Characterisation o f  the Oosterschelde macrobenthos
The Oosterschelde macrobenthos was different from that of the Schelde estuary, in the 

first place because no salinity gradient was present in the Schelde estuary, resulting in a 
typical polyhaline macrobenthic community. Therefore, species composition was most similar 
with that of salinity region 1 (polyhaline zone) of the Schelde estuary.

In the intertidal zone of the Oosterschelde most common species observed were 
Scoloplos armiger and Arenicola marina (Table 2). Despite the low mud content,
Oligochaeta were very common. Spionids like Pygospio elegans, Spio spp. and Tharyx 
marioni were also very common. Most frequently observed molluscs were the bivalves 
Cerastoderma edule and Macoma balthica and the gastropod Hydrobia ulvae. In terms of 
density, the intertidal macrobenthic community was dominated by Oligochaeta, Hydrobia 
ulvae, Pygospio elegans, Tharyx marioni and Scoloplos armiger. In terms of biomass, 
Cerastoderme edule was by far the most important species. Besides this species, Arenicola 
marina, Macoma balthica, Hydrobia ulvae, Nereis spp./diversicolor, and Scoloplos armiger 
were the most important species. Some clear differences were observed between the Interecos 
intertidal campaign o f 1989 and the intertidal Biomon data of the period 1994-1997. Several 
species showed a clear decrease in presence, density and biomass (e.g. Scoloplos armiger, 
Macoma balthica, Cerastoderma edule, Heteromastus filiformis). The occurrence of the 
dominant spionids Pygospio elegans and Tharyx marioni did not change, whereas the less 
dominant spionids Spio spp. and Spiophanes bombyx did decrease between the two periods. 
Only a few species increased between both periods, with the most pronounced being H. ulvae.

The intertidal macrobenthic community of the Oosterschelde showed a similar 
dominance in biomass of Cerastoderma edule as the polyhaline zone of the Schelde estuary 
(salinity region 1) and a similar dominance in density of several spionid species (Pygospio 
elegans, Tharyx marioni) and Oligochaeta, but mean densities of these species were much 
lower in the Oosterschelde. Heteromastus filiformis was much less dominant in the 
Oosterschelde, whereas Arenicola marina and Scoloplos armiger showed the opposite, being 
a very important part of the macrobenthic community in the Oosterschelde. Probably these 
patterns reflected the more sandy habitats in the Oosterschelde as compared to the more 
muddy sediments of the Schelde estuary.

In the subtidal zone of the Oosterschelde most common species were Scoloplos 
armiger, Nephtys hombergii and Spiophanes bombyx (Table 2). In terms of density, dominant 
species were Oligochaeta, Lanice conchilega, Tharyx marioni and Scoloplos armiger.
Because of the sampling in some musselbeds, Mytilus edulis was the dominant species in 
terms of biomass. Besides this species, Lanice conchilega, Scoloplos armiger and 
Cerastoderma edule were the most important species.
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Table 2. Occurrence (%), density (ind m 2) and biomass (g AFDW m 2) of the most important 
macrobenthic species in the Oosterschelde for the Interecos intertidal dataset (autumn 1989), the 
Biomon intertidal dataset (spring/autumn 1994-1997) and the Biomon subtidal dataset 
(spring/autumn 1994-1997).

Interecos intertidal dataset Biomon intertidal dataset Biomon subtidal dataset
autumn 1989 (n=300) spring/autumn 1994-1997 (n= 210) spring/autumn 1994-1997 (n=630)

Occurrence Density Biomass Occurrence Density Biomass Occurrence Density Biomass

Anai muco 42.7 60 0.066 20.0 27 0.032 11.3 14 0.013
Aren mari 81.3 27 6.839 58.6 75 2.942 6.3 17 0.115
Bath spp. 23.0 513 0.075 16.7 164 0.039 2.5 2 0.0006
Capi capi 56.7 226 0.033 51.0 141 0.032 32.7 129 0.043
Cera edul 66.8 260 77.117 54.3 154 16.132 3.5 7 0.543
Coro volu - - - 0 0 0 0.2 0.1 0.00002
Coro aren - - - 29.5 174 0.040 0 0 0
Coro spp. 35.7 172 0.037 - - - - - -

Eteo spp 37.0 37 0.020 21.9 19 0.013 4.8 4 0.001
Hete Ali 43.3 132 0.383 14.3 20 0.033 6.2 9 0.011
Hydr ulva 32.7 1058 0.844 61.4 7685 3.371 7.0 16 0.003
Lani eone 25.7 71 0.548 10.0 24 0.278 26.7 178 2.443
Maco bait 65.0 120 2.224 31.0 32 0.361 2.2 1.5 0.009
Myse bide 5.0 5 0.004 7.1 8 0.003 18.9 57 0.012
Myti edul 5.7 6 7.258 0.5 0.3 0.00001 8.4 78 20.644
Nemertini 4.3 5 0.0080 4.3 4 0.0024 7.5 6 0.0080
Neph cirr - - - 2.4 2 0.006 15.9 19 0.079
Neph homb - - - 33.8 28 0.237 56.2 116 0.470
Neph spp. 56.7 58 0.633 - - - - - -

Nere dive - - - 41.9 131 1.294 0.8 0.5 0.005
Nere succ - - - 2.9 2 0.025 3.8 9 0.080
Nere spp. 57.3 236 0.828 - - - - - -

Oligochaeta 69.7 2791 0.223 65.2 1038 0.096 37.1 227 0.011
Poly spp. 19.3 36 0.014 14.8 21 0.005 12.5 107 0.019
Pygo eleg 64.7 725 0.093 66.2 1009 0.067 10.2 29 0.002
S coi armi 87.3 1357 0.886 53.8 248 0.358 58.3 140 0.429
Scro plan 12.4 12 0.258 13.3 18 0.387 1.0 0.2 0.00003
Spio bomb 16.7 31 0.021 1.9 1.3 0.0009 39.0 73 0.070
Spio spp. 57.3 662 0.089 28.6 62 0.005 28.9 69 0.008
Thar mari 47.0 818 0.151 49.0 832 0.117 29.7 174 0.018
Urot spp. 17.3 44 0.013 34.8 222 0.074 13.5 62 0.020
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Validation o f  the model
Figure 1 and Table 3 summarizes the comparative statistics on the predicted (based on 

Schelde estuary models) and actual observed occurrence of ten macrobenthic species in the 
Oosterschelde.

Figure 1 gives an idea on the p-values obtained for each species at each sampling 
location. The higher p-classes in general had also relatively the highest proportion of actually 
observed presences, which was very well demonstrated by Macoma balthica and Pygospio 
elegans. This indicated a good performance of the models.

The overall prediction, including both the prediction of the presences and absences, 
performed for most species very well (Table 3) and also for the % predicted observed versus 
actually observed in the field, only slightly lower estimates were obtained as for the internal 
validation. For Arenicola marina even a better ratio was obtained in the Oosterschelde. For 
some species, like e.g. Heteromastus filiformis, a rather low ratio was obtained in comparison 
to the internal validation.

Despite the fact that the Oosterschelde could be considered as a different system, being 
more a ‘coastal basin’ then a ‘true estuary’, the regression models from the Schelde estuary 
seemed to be applicable in the Oosterschelde.

IpadM  pr««»nl
sp*c;«i abs«nt

Figure 1. P-values (predicted  probability o f  occurrence), divided into fou r classes (p<0.25, 
0.25<p<0.50, 0.50<p<0.72, p>0.75), fo r  ten macrobenthic species in the Oosterschelde, based on the 
regression models obtained from  the Schelde estuary. In each class the observed presence/absence in 
the fie ld  is indicated.
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Table 3. C om parative sta tistics on the p red ic ted  and o b se rv e d  occurrence o f te n  m acrobenthic  
species in the O osterschelde based  on the regression m odels (w ithout sedim ent characteristics) 
obtained from  the W esterschelde d a ta  (Po  =  P resen t observed ; A o  =  A bsent observed; Pm  = Present 
p red ic ted  by the m odel; Am  =  A bsent p red ic ted  by the m odel).

Cerastoderma edule (p=0,336)
Response Model %
Observed Pm Am Total correct

Po 153 115 268 57,1
Ao 115 630 745 84,6

Total 268 745 1013 77,3

Macoma balthica (p=0,656)
Response Model %
Observed Pm Am Total Correct

Po 101 116 217 46,5
Ao 116 680 796 85,4

Total 217 796 1013 77,1

Arenicola marina (p=0,172)
Response Model %
Observed Pm Am Total correct

Po 215 110 315 68,3
Ao 110 578 688 84,0

Total 325 688 1013 78,3

Heteromastus fili.(p=0,474)
Response Model %
Observed Pm Am Total correct

Po 54 115 169 32,0
Ao 115 729 844 86,4

Total 169 844 1013 72,0

Pygospio elegans (p=0,536)
Response Model %
Observed Pm Am Total correct

Po 201 121 322 62,4
Ao 121 570 691 82,5

Total 169 922 1013 76,1

Hydrobia ulvae (p=0,256)
Response Model %
Observed Pm Am Total correct

Po 116 93 209 55,5
Ao 93 711 804 88,4

Total 209 804 1013 81,6
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Response
Observed

Tharyx marioni
Model

Pm

(p=0,318

Am

)

Total
%

correct

Po 161 223 384 41,9
Ao 223 406 629 64,5

Total 384 629 1013 56,0

Response
Observed

Eteone longa (p=0,437)
Model 

Pm Am Total
%

correct

Po 58 76 134 43,3
Ao 76 803 879 91,4

Total 134 879 1013 85,0

Nephtys hombergii (p=0,36)
Response Model %
Observed Pm Am Total correct

Po 239 164 403 59,3
Ao 164 201 365 55,1

Total 403 365 768 57,3

Nereis diversicolor (p=0,255)
Response Model %
Observed Pm Am Total correct

Po 64 3 67 95,5
Ao 3 698 701 99,6

Total 67 701 768 99,2
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Het Instituut voor Natuurbehoud (IN) is een wetenschappelijke instelling van 
de Vlaamse Gemeenschap; het telt momenteel een 90-tal medewerkers.

Het werd op 1 maart 1986 operationeel met ais algemene taakstelling: "alle 
passende wetenschappelijke studies, onderzoekingen en werkzaam heden uit te 
voeren in verband met het natuurbehoud, inzonderheid met het oog op het uitwer
ken van actiemiddelen en wetenschappelijke criteria tot het voeren van een beleid 
inzake natuurbehoud; hiertoe verzamelt het alle nuttige documentatie, onderneemt 
het de nodige studies en onderzoekingen, richt enquêtes in en zorgt voor de over
dracht van de verworven kennis aan de bevoegde overheden... "

Het onderzoek heeft vooral betrekking op diverse aspecten van de biodiver
siteit, meer bepaald de inventarisatie, monitoring en ecologie van planten- en 
diersoorten, populaties en levensgemeenschappen in relatie tot hun omgeving. 
In het landschapsecologisch onderzoek gaat de aandacht vooral naar ecohydro- 
logie, habitatfragmentatie en ecosysteemprocessen. De wetenschappelijke ken
nis ligt aan de basis van referentiekaders (zoals Rode Lijsten van diverse taxo- 
nomische groepen), karteringen van het natuurlijk milieu (zoals de Biologische 
waarderingskaart, BWK) en gebiedsgerichte acties inzake natuurontwikkeling, 
-herstel en -beheer. Dit beoogt het beleidsmatig inpassen van ruimtelijke en 
kwalitatieve noden van natuurbehoud in landinrichting, ruimtelijke planning, 
integraal waterbeheer en milieubeheer. Toepassingen liggen o.m. in de sfeer van 
het afbakenen van ecologische netwerken en gebieden van internationale bete
kenis en soortbeschermingsplannen.

Het Instituut is betrokken bij verschillende regionale, nationale en interna
tionale onderzoeksprogramma's en netwerken. Daarnaast is er nauwe samen
werking met universiteiten en andere wetenschappelijke instellingen in binnen- 
en buitenland.

Adviesverlening is een belangrijke taak van het Instituut. Deze gebeurt zowel 
ten behoeve van het Kabinet van de bevoegde Minister, de Vlaamse Hoge Raad 
voor Natuurbehoud, de Milieu- en Natuurraad van Vlaanderen, AMINAL, 
AHROM en andere entiteiten van de Vlaamse Gemeenschap.

In opdracht van derden kunnen via het Eigen Vermogen specifieke studies, 
karteringen en expertises worden uitgevoerd, waarvoor tijdelijke contractuele 
medewerkers kunnen worden aangetrokken.

Het Instituut voor Natuurbehoud publiceert rapporten en mededelingen in 
een eigen reeks. De bibliotheek biedt een ruim aanbod van tijdschriften en refe
rentiewerken inzake milieu en natuur. Daarnaast biedt het Instituut diverse 
informatie aan via internet

Adres : Kliniekstraat 25, B-1070 Brussel
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