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Introduetion 

INTRODUCTION 

THE ECDFLAT PROJECT 

The ECOFLAT project (ECO-metabolism of an estuarine tidal FLAT) is a research 
project funded by the European Commission in the framework of ENVIRONMENT & 
CUMATB 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 mathematica! models descrihing 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: denvation 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 macrobentbic biomass and structure from water quality variables (derived from an 

ecosystem modeland 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 
morphologicaVphysical 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 critic al 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 
hydrodynamica! models) and observations 

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

0 explore the relations between macrobentbic 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 macrobentbic 
species 

1 
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Figure l.I . A schematic representation of the major environmental variables and their role in structuring macrobentbic communities 
in the estuarine environment. 

T 
E 
M 
p 

E 
R 
A 
T 
u 
R 
E 

~ 
0 

~ 
c:r-
~ 
;;. 
~ 
~ ::s-
11) 

Ç): 
!I) 

~ 
~ 



Introduetion 

BACKGROUND AND OUTLINE OF THE REPORT 

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 (HERMAN et al., 1999). Therefore, evaluation of the consequences of human induced 
changes willlikely include the possible responses of the macrobenthos and the analysis of 
bentbic infauna is a key element of many marine and estuarine monitoring programmes. 

The starting point is that macrofauna! species distributions reflect the present state of 
the estuarine ecosystem. Human impact on estuaries will affect the ability of these ecosystems 
to support macrofauna! occurrence (in termsof 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 distri bution of macrobentbic species and communities in the 
Schelde estuary has been studiedindetail by WoLFF (1973), VERMEULEN & GovAERE 
{1983), MEIREet al. {1991), YSEBAERTet al. (1993,1998) and CRAEYMEERSCH (1999). Like 
mostother studies on estuarine macrobenthos, these studies mainly evaluated the relationship 
between multivariate community structure and environmental variables (through different 
clustering and/or ordination techniques), ordescribed the distribution (in termsof density and 
biomass) of some indicator species along different spatiotemporal gradients (e.g. salinity). 
The (statistica}) responses of individual species to estuarine gradients, represented by 
environmental variables that are essential factors for their occurrence (presence/absence, 
density or biomass), havenotbeen widely studied. Indeed, within coastal marine and 
estuarine ecosystems little attempts have been made to statistically model the responses of 
individual macrobentbic species to environmental variables on a large, e.g. estuarine scale 
and use these models to predict the distri bution 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 bentbic 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 predietors for the occurrence of 
macrobentbic 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 bentbic communities. Figure 1 gives a schematic 
representation of the main (a)biotic variables which are involved in structuring the 
macrobentbic communities. In this study the following variables, obtained both from field 
observations and numerical model simulations, were selected for incorporating in the 
macrobentbic database: salinity, depthlheight, sediment characteristics and current velocities. 

In estuaries salinity is one of the most deterministic factors for the occurrence of a 
certain macrobentbic species (SANDERS et al., 1965; CARRIKER, 1967; WOLFF, 1973; BOESCH, 
1977; MICHAELIS, 1983; HOLLAND et al., 1987; YSEBAERT et al., 1993,1998). 

Depth (or height) in estuaries will clearly influence the occurrence of macrobentbic 
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 (WllDISH & KRISTMANSON, 1977; 

3 



Macrobenthos Schelde estuary 

W ARWICK & UNCLES, 1980; WARWICKet al., 1991) In the intertirlal 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 tbe result of 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 bentbic populations (e.g. GRAY, 1974; BEUKEMA, 1976; DANKERS & 
BEUKEMA, 1981; MEIREet al., 1994) and mud content is often used as an indicator offood 
availability for deposit feeders, supposing arelation between mud contentand organic 
fraction of the sediment, or between mud content and rnicrophytobenthos occurrence on the 
sediment. 

Most macrobentbic studies only dealt with the "statie" factors mentioned above. 
However, several studies clearly showed tbe importance of hydrodynamica! conditions such 
as current velocity and bed shear stress for the transport of sediment, food and juvenile 
macrofauna (both larval settiement and post-settiement transport) (ORANT, 1983; BUlMAN, 
1987; COMMITO et al., 1995; WIT....DISH & KRI:S1MANSON, 1997) Recent studies also showed 
hydrodynarnic factors affecting the stability of the sediment by mobilising bed material, 
including macrofauna (BELL et al., 1997; ORANT et al., 1997) . Wind waves were not 
considered in this study. The effect of waves in the intertirlal 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 macrofauna] distribution (DOLPHIN et al., 1995). 
However, no data on wind waves were available for the Schelde estuary. Also the direct effect 
of currents, namely thesediment mobilisation (depth of bed disturbance) and sediment 
transport wasnottaken into account in this study, as alsoforthese parameters no data were 
available at the estuarine scale. 

The aim of this study is to statistically model the responses of individual 
macrobentbic species to tbe 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 distri bution of macrobentbic 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 tbe spatial occurrence of macrobentbic species are 
the only deterministic factors. One should indeed keep in rnind that some important factors, 
like food availability (in terms of phytoplankton for tbe suspension feeders and in terms of 
particulate organic matter in thesediment 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 macrobentbic species to the abiotic 

environmental predietors salinity, depth, current veloeities and sediment characteristics 
(3) to define the realised niches of some estuarine macrobentbic species on an estuarine, thus 

broad scale. 
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Material & Methods 

MATERIAL & METHODS 

STUDYAREA 

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 mat Vlissingen to 5.2 m near Antwerpen. At Gent the tidal range is still 2 m. The river 
discharge varies from 20 m3s-1 during sumrner to 400 m3s-1 during winter, with a mean yearly 
average of 105 m3s-1

• The total volume ofthe estuary (2.5*109 m3
) is large in comparison with 

the volume offresh water that enters each day from the river (9*106 m\ 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 mouthand 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 
Westersehelde and a smal! 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 Westersehelde (55 km), is a well mixed region characterised by a complex 
morphology with flood and ebb channels surrounding several large intertictal mud- and sand
flats. The surface of the Westersehelde 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 & MARI.JNs, 1981; FETIWEIS et al., 1998). Nowadays, dredging activities for 
shipping and pollotion 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 HElP& HERMAN (1995). 

Figure 2. Map ofthe Schelde estuary 
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Figure 3. Yearly macrobenthic sampling effort in the Schelde estuary (a), seasonal dispersal ofthe 
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Material & Methods 

THE MACROBENTHOS DATABASE 

Sampling 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 Westersehelde 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 intertirlal zone, and Van Veen grab or Reineek box corer for the 
subtirlal 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 macrobenthos database 
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 veloeities (maximum ebb and maximum flood current velocities), 
sediment characteristics (median grain size and mud content (fraction < 63 JLm)). 

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 (VAN DER MEuLEN AND SII...EON, 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 SCAIDIS 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 Westersehelde are used to get an idea of the temporal varlation 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 'tempora! salinities'. 

Current velocity estimates (maximum ebb and flood current veloeities in m.s-1
) for 

each sampling location were estimated with the SCALDISlOO 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. 

STATIST/CAL ANALYSIS 

Main characteristics ofthe macrobenthos along estuarine gradients 

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

Of 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 
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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-Terneuzen) 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 f3-mesohaline zone (Figure 4). 

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

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

• 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 categones were examined with ANOV A 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 ANOV A on log-transformed data. 

Response curves 
Relationships between species and quantitative environmental variables are generally 

non-linear. Therefore, Generalized Linear Models (GLMs) were proposedas a theoretica! 
framework to model (non-linear) species response to several types of environmental data 
(NELDER & WEDDERBURN, 1972). The theory of GLMs has been well developed 
(McCULLAGH & 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 (HUISMAN et al., 1993; LENlliAN, 

1993; VANDERriT et al., 1996). 
Logistic regression (COX, 1970; HOSMER & l.EMESHOW, 1989; MCCUU...AGH & 

NELDER, 1989) was used to model the response of species occurrence to the abiotic 
environmental predictors. In the logistic regression model, a binary response variabie is 
related to one or more predietor variables through the logistic function. Using the maximum 
likelihood estimates of the regression parameters, the probabilities of a given state of the 
response variabie can be calculated for different levels of the predietor variables. 

The choice of using presence (0) I 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 varlation in density and biomass data. To minimise this varlation 
presencelabsence 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""l 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 variabie x. 

log {p(x) I 1-p(x)} = bo + b 1x + b2x2 =LP (1) 

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

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

This model has the advantage that the dependent variabie is bound between 0 and 1, 
and that it fits a bell-shaped response curve, which is an ecologically realistic response (1ER 

BRAAK & LooNMAN, 1986). The shape of the response model was in this study lirnited to a 
second order linear model, which at the original presence-absence scale corresponds to a 
unimodal symmetrie curve (JoNGMAN et al., 1987). Although skewed and more complex 
response curvescan 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. RAsTIE & TIBSHIRANI, 1990; YEE & MITCHELL, 1991; BlO et al., 1998). 
In this study, a response surface for 20 macrobentbic species was generated by stepwise 
logistic regression with the statistica! package SAS (SAS Inst. Inc., 1985). In equations (1) 
and (2), the bo, b 1, and b2 are the regression parameters. They were estimated using the 
maximum likelibood method, assurning binomially distributed errors. Consequently, the 
global model importance was tested using the -2lnL 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 x2-test (p<0.05) on the Wald
statistic. Response curves were obtained for each single abiotic variabie separately, and a 
multiple stepwise logistic regression was run with all abiotic variables together. Since 
sediment characteristics were only available fora limited set of data, this analysis was run 
separately with and without sediment data. 

The resulting set of regression equations was validated intemally. 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 
detennined 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. lt 
calculates the difference between the data observed and the data expected, consirlering 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? 

Forsome 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 randornly divided in two 
and as an example, a model was constructed for Cerastodenna edule based on one half of the 
datasetand validated on the other half. 

Since this is not sufficient to prove the reliability of the derived set of equations to 
serve as a predicti ve model, an extemal validation was conducted, using data on the 
Oosterschelde. A description of these data and the detailed results on this extemal validation 
were put in a separate part ofthis report (part three) but the main results are discussed in this 
part. 
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ECDPROFILES FOR 20 MACROBENTBIC SPECIES OF THE SCHEWE ESTUARY 

Based on the macrobentbic database and the above described statistical methods, an 
ecoprofile for 20 macrobentbic species of the Schelde estuary was constructed. These species 
represent different types of distribution and are indicator species for the macrobentbic 
assemblages found in the Schelde estuary, contributing substantially to the total density and 
biomass observed. 
Each profile consists of the following parts: 
• INrn.ODUCTION: short summary of the importance of the species in the Schelde estuary 
• AUTo-ECOLOGY: short lirerature 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 Óverview 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 distri bution maps 
(presence/absence and densitylbiomass) of each species in the Schelde estuary arealso 
presented. 

• REsPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE: For each species a 
(stepwise) logistic regressionmodel 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 deptbs below NAP, whereas a negative 
sign was used to indicate deptbs 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: expressedas 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 J.'m, 
the corresponding curve on the accompanying figure only relates to the 0-100 part 
of the x-axis, whereas median grain size is expressedas J.'m and the corresponding 
curve on the figure relates to the complete range of the x -axis. 

For each abiotic variabie 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 tothese 
standard tables and figures, with the interpretation implied in the accompanying text. 

• MULTIPLE STEPWISE LOGISTIC REGRES SION: For each macrobentbic species a multiple 
stepwise logistic regression was run with all abiotic variables together. Since sediment 
characteristics were only available fora 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 
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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 valutator 
7. Eteone long a 
8. Heteromastus filiform is 
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 I. Average, maximum and minimum salinity (±standard error) ofthe 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 z 1.17 
mm. 29.1 2 ± 1.43 23.60 ± 1.61 15.59 ± 2.04 7.98 + 1.49 

N "7') '1 
' -~ 959 956 475 

Table 2. Mean ± Standard Error for median grain si::.e (fJ-m), mud content (% < 63 fJ-m), 
maximum ebb andflood current veloeities (mls)jor each depth stratum. 

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

~Iedian grain size Mud content 

139.1 ± 69.1n=922 22.9 ± 23.1 n=888 

192.9 ± 84.8 n=173 13.5 ± 21.6 n=150 

202.7 ± 87.2 n=l-13 14.0 ± 11.9n=ll6 

218.2 ± 9 1.9n=264 I 0.5 ± 18.4 n=232 
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0.83 ± 0.22 n=-129 0.88 ± 0.26 1!=429 

0.97 ± 0 .23 11=656 1.00 + 0.27 n=656 
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Figure 5. Mean mud content(% ± SD) ofthe sampling occasions in the different salintity regions and 
depth strata ( salinity regions 1 &2: polyhaline z.one; salinity regions 3&4: mesohaline zone). 
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RESULTS 

CHARACTERISATION OF THE ABIOTIC ENVIRONMENT 

Average model salinity, basedon 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 J3-mesohaline zone respectively (Table 1, Figure 4). Basedon 
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 (ANOV A, 
F=56.72; p<0.001) and mud content (ANOVA, F=53.02; p<0.001), with a clear trend of 
coarser sediments with less silt content from the intertictal to the deep subtictal and channel 
(Table 2), which is also demonstrated by the significant positive correlation between depth 
and median grain size (r= .54; p<0.01; n=1168) and the significant, but rather weak, negative 
correlation between depthand 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 a.-mesohaline zone 
(salinity region 3) mud content was significantly higher iri the intertictal zone as compared to 
the subtictal zone, but overall means were relatively low. In comparison, in the J3-mesohaline 
zone (salinity region 4), much higher mud contents were observed in all depth strata, but here 
differences between depthstrata 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 subtictal strata as compared to the intertictal zone (ANOVA, F=1165.8 (ebb) 
and F=1129.9 (flood), p<0.001), which was also demonstrated by the highly significant 
correlation between depthand maximal ebb current veloeities (r=.76; p<0.01; n=2559) and 
maximalflood current veloeities (r=.73; p<0.01; n=2559). This pattem is consistent within 
each salinity region. 

Finally a significant, but rather weak, correlation was observed between current 
veloeities and median grain size (r=.44; p<0.01; n=1455) and mud content (r=-0.38; p<0.01; 
n=1340) respectively, indicating coarser sediments with lower mud contents with higher 
current velocities. 
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Figure 6. Mean nunzber of species, mean density and mean biomass observed along the longitudinal 
( salinity regions) and vertical gradient ( depth strata) in the Schelde estuary ( salinity regions 1 &2: 
polyhaline zone; salinity regions 3&4: mesohaline zone). 
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Figure 7. Relative dominanee (density and biomass) ofthe differentfeeding guilds in the littoral zone 
of each salinity region ( salinity regions I &2: polyhaline zone; salinity regions 3 &4: mesahafine 
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GENERAL CHARACTERISTICS OF MACROBENTHOS 

Macrofauna diversity (number of species, NO) at a single sampling occasion varied 
between 0 and 25 species. At 202 sampling occasions (6.5 %) no macrobentbic 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 .filifonnis, observed in 58% of the sampling occasions, foliowed by Macoma 
balthica ( 41% ), Pygospio elegans (36% ), Bathypo re ia spp. (30% ), Ne reis 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 1g AFDW m""2 was observed and at about one third a biomass 
between 1 and 10 g AFDW m""2 was observed. 

GENERAL TRENDS AWNG WNGITUDINAL (SAUNITY) AND VERTICAL (DEPTH) GRADIENTS 

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 depthstrata (Two-way ANOVA, F=499; p<0.0001), withalsoa significant interaction 
term salinity*depth (Two-way ANOVA, F=14; p<0.001). A clear decreasein 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; p<0.0001) (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 intertictal 
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 depthstrata (Two-way ANOV A, 
F=413; p<0.0001), withalsoa 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 dominanee 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 dominanee 
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. Relative dominanee ( density and biomass) of the most important macrobenthic species in 
the Zittor al zone of each salinity region ( salinity regions 1 &2: polyhaline zone; salinity regions 3 &4: 
mesohaline zone). 
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RELATIVE DOMINANCE (DENSITY AND BIOMASS) OF MACROBENTBIC SPECIES IN THE ll1TORAL 
ZONE 

The relative dominanee (density and biomass) of the most important macrobentbic 
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 filifonnis, 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 f3-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 macrobentbic 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 macrobentbic density in the Schelde estuary. 

Biomass 
The contribution of bivalves to the overall macrobentbic 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 Cerastodenna 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 
filifonnis 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 f3-mesohaline zone (salinity region 4). In the a
mesohaline zone the deposit feeder Heteromastus filiformis dominated the biomass with 31%, 
foliowed by the deposit feeding moliusc species Macoma balthica and Scrobicularia plana 
and the omnivore polychaete Nereis diversicolor. This last species dominated by far the 
macrobentbic biomass in the f3-mesohaline zone with 53%, foliowed by Heteromastus 
filiformis and the surface deposit feeding amphipod Corophium volutator. Except for salinity 
region 4, crustaceans had only a very smali contribution to the total macrobentbic biomass in 
the Schelde estuary. 
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Figure 9. Probability of occurrence of ten macrobenthic species in relation to salinity ( temporal 
salinity) and depth in the Schelde estuary, as fitted with la gistic regression (p= species probability of 
occurrence (p/a)). 
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ECDPROFILES OF 20 MACROBENTBIC SPECIES 

In Part Two of this report a detailed ecoprofile for 20 macrobentbic 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 curvesfora single abiotic (explanatory) variabie 

As an example of the obtained response curves for a single abiotic variable, Figures 9 and 
10 show the fitted Gaussian logit curvesforten contrasting macrobentbic 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 valutator and to a lesser extent also Nereis diversicolor 
showed a high probability of occurrence at low salinities. For Corophium valutator a steep 
decrease of the curve was observed with increasing salinitie~, indicating a very low 
probability of occurrence at high salinities, whereas for Nereis diversicolor the decreasein 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 toleranee towards the lower end of the salinity range. 

Macoma balthica showed an almost horizontal curve, indicating a very broad 
toleranee for salinity. This coincides with the observed distribution of M. balthica, being 
present along the complete salinity gradient. Another species showing a broad toleranee 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 ex tent 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 'tempora! salinity'. However, for 
most species with an optimum towards the higher end of the salinity range, the 'temporal 
salinity' model showed a more narrow toleranee with an optimum whîch shifted towards a 
higher salinity as compared to the 'model salinity' model. The 'model salinity' model 
showed a much broader response curve, ex tending 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 ~-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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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 intertirlal zone. These species differed in 
their toleranee towards the deeper end of the depth range. Heteromastus .filiformis, for 
instance, showed a relatively high toleranee with still a relatively high probability of 
occurrence in the subtirlal zone. 

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

The only species showing an optimum in the subtirlal 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 Ne reis diversicolor 
showed the highest probabilities of occurrence at the lowest current velocities, with a more or 
less linear decrease in probability of occurrence with increasing current velocities. 

Other species Iike Macoma balthica and Pygospio elegans showed a broad toleranee 
in the range 0-0,5 m.s-1

, after which a steep, linear decline was observed in the probability of 
occurrence with increasing current velocities. This broad toleranee was even more 
pronounced for Heteromastus filiformis, ha ving 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 macrobentbic 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 pattem was observed for Corophium volutator, but showing a broader tolerance. 
This toleranee was even more pronounced forMacoma balthica and Heteromastus filiformis. 

Several species showed a bell-shaped curve with an optimum between 100-150 J.tm 
(e.g. Cerastoderma edule, Arenicola marina, Corophium arenarium). This optimum shifted 
even more towards a higher median grain size (± 225 J.tm) 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 regressionwas runwithall 
abiotic variables together. Since sediment characteristics were only available for a limited set 
of data, th~ analysis was run separately with and without sediment data. 

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

Table 3. Number of times an explanatory abiotic variabie (both the linearas the quadratic term) was 
included within a multiple stepwise logistic regression model for 20 macrobenthic species of the 
Schelde estuary. 

Model without sediment characteristics Model with sediment characteristics 

Explanatory variabie # included in the model Explanatory variabie # 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 
MaxfP 9 MaxfF 6 

Median 12 
Median2 9 
Mud 6 
Mud2 4 
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V alidation of the multiple regression models 

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

Results 

1. The resulting set ofregression equations was validated intemally. 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. Si nee this is not suftkient 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 extemal 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. Intemal validation 

Table 4 summarizes some of the comparative statistics on the predicted and actual 
observed occurrence of the 20 macrobentbic 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 macrobentbic occurrence, the interest was of course more 
towards how well the model prediets 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 filifonnis, 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, Cerastodenna 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 macrobentbic species out of 20. For Bathyporeia spp., Heteromastus 
filifonnis, 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 notput in a random way, but they were mainly 
situated in the intertictal zone, which corresponded with the habitat preferences of the 
considered species (Figure 11). It was striking to see thatfor Macoma balthica a lot of the 
predicted presences, but observed absences, were situated near the edges of the ti dal sand and 
mud flats. 
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Figure 11. Visual, geographical comparison benveen the mapped probability surfaces to the species 
occurrence maps for Corophium valutator and Macoma balthica (probability threshold 0.25). 
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Results 

Table 4. Comparative stalistics on the predicted and actual observed occurrence ofthe 20 
macrobenthic species. The predictive success of the response surfaces was evaluated by cross 
tabulating observed and prediered 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 
prediered to be absent, whereas at p-values above that threshold the species was predieled to be 
present. Besides the overall percentage correctly predicted, also the sensitivity (the proportion of 
presences that we re predieled to be presences) is given. 

Model without sediment characteristics Model with sediment characteristics 

% correctly Sensitivity % correctly Sensitivity 
predicted predicted 

Arenmari 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 
Coroaren 93,1 33,3 92,8 25,0 
Corovolu 90,2 64,7 82,3 56,3 
Eteo long 87,5 41,5 82,4 41,1 
HetefiJi 75,2 69,9 81,4 82,5 
Hydrulva 88,3 67,9 85,6 72,7 
Maco balt 85,5 75,0 87,3 85,4 
Myaaren 90,7 40,6 84,4 40,1 
Neph cirr 84,0 33,3 91,8 48,0 
Nephhomb 88,5 34,2 92,2 34,5 
Neredive 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 
Tharmari 89,5 52,1 91,3 68,0 

2. Extemal validation within the Schelde estuary 

In order to exarnine 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 deri ved 
from the logistic model with all data, a full model selection metbod was performed on the two 
subsets. The regression coefficients from subset 1 were used to predict the presence/absence 
in subset 2. 

Table 5 surnmarizes 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 intemal validation, indicating that reliable predictions can be made within the 
Schelde estuary. 
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Table 5. Comparative statistics on the predicted, basedon subset 1, and observed, basedon subset 2, 
occurrence of 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 
prediered by the model). 

C. edule 
(without sediment characteristics) 

Response Model o/o 
Observed Pm Am Total correct 

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

Total 194 1229 1423 86,4 

3. Extemal validation in an other coastal area (Oosterschelde) 

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

Table 6 surnmarizes 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 intemal 
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 intemal validation. 

Although the Oostersehelde 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 stafistics on the predicted (based on Schelde estuary regression models) and 
actual observed occurrence of ten macrobenthic species in the Oosterschelde. 

Arenmari 
Cera edul 
Eteo long 
Hetefili 
Hydrulva 
Macobalt 
Nephhomb 
Nere dive 
Pygo eleg 
Tharmari 

Model without sediment characteristics 
% Predicted % Predicted correct vs 

correct 
84,0 
77,3 
85,0 
72,0 
81,6 
77,1 
57,3 
99,2 
76,1 
56,0 
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observed 
68,3 
57,1 
43,3 
32,0 
55,5 
46,5 
59,3 
95,5 
62,4 
41,9 



Conclusions 

CONCLUSIONS AND SUMMARY 

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 bentbic infauna is a key element of many marine and 
estuarine monitoring programmes. The starting point is that macrofaun al species distributions 
reflect the present state of the estuarine ecosystem. Human impact on estuaries will affect the 
ability of these ecosystems to support macrofauna! occurrence (in termsof 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 (statistica!) responses of individual macrobentbic 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 macrobentbic species to environmental 
variables on a large, e .g. estuarine, scale and use these models to predict the distri bution and 
occurrence of macrobenthos. The aim of this study was to construct such a response model 
for several macrobentbic 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 predietors for the occurrence of macrobentbic 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 ('tempora! 
salinity')), depthlheight of the sampling location, maximum ebb and flood current veloeities 
(based on model calculations), and thesediment characteristics median grain size and mud 
content (only available forabout 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 pattems of occurrence, density, and 
biomass of the macrobenthos along the different environmental gradients. 

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

For these 20 macrobentbic species 'response curve' models were constructed by 
means of logistic regression on binary (presence/absence) data. In the logistic regression 
model, a binary response variabie is related to one or more predietor 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 moelels with all abiotic variables together, salinity and depth were 
most included as explanatory variable. Also maximum current veloeities and median grain 
size were often included as explanatory variabie into the models. It could therefore be 
concluded that all abiotic variables (salinity, depth, current veloeities 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 intemally. The 
predictive successof 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 
macrobentbic occurrence, the interest was of course more towards how well the model 
predicted presences. When foeusing 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 oecurrence maps, as demonstrated by Corophium voluiator 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 preferenee of the 
species. Secondly, an extemal validation, basedon 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 intemal 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 extemal validation on 
an other area was conducted, using data on the Oosterschelde. ln general, only slightly lower 
estimates of predictive success were obtained as for the intemal validation, indicating that the 
regression models for several macrobentbic species from the Schelde estuary were applicable 
in the Oosterschelde. 

It can be concluded that with the presented models the oecurrence of several 
macrobentbic speciescan 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 veloeities have the advantage that they cover the whole estuary, making it relatively 
easy to couple with sampling loeations. A disadvantage is the relatively large grid cells with 
which these models operate. For salinity a grid of 400 mis no problem, but the grid of 100 m 
used for detennining the current veloeities 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 macrobentbic 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 (KRoMKAMP 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 forthese 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 
thesediment sandy and mobile, FLACH, 1993) could be bidden in sediment granulometry. As 
biotic interactions are very well documented for several species in the literature, it might be 
useful tolook 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 presencel absence is dealt with, withno 
information on density or biomass included. The choice of using presence(O)/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 varlation 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 bentbic species were also applied in the 
Ecomorphological Module from Delft Hydraulics (work by M. Baptist) to obtain a spatial 
coverage of the bentbic distri bution in the Westerschelde. The Ecomorphological Module 
computes the morphological development of the Westersehelde on a long time scale and 
subsequently calculates the suitability of the habitats of bentbic species. This module can for 
instanee 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 

APPENDIX 1 

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

in the Schelde estuary 
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Macrobenthos Schelde estuary 

SALINITY REGION 1 - LITTORAL ZONE 
Den si 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 
ARENMARl 262 10,46 0 133 21,18 258 1,2557 0 21,4075 3,1674 
BATHSPEC 262 269,87 0 8000 1 053, 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 
GA MMSALl 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 
MANMEST 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 

37 



Macrobenthos Schelde estuary 

SALINITY REGION 2 - LITTORAL ZONE 
Den si Biomass 

ValidN Mean Min. Max. Std.Dev ValidN 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 4,11 E-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 
ARENMARl 503 36,49 0 316 59,59 491 2,9224 0 44,3273 6,1 465 
BATHSPEe 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 
GA MMSALl 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 
HA USAREN 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 
MANMEST 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 
SP 1080MB 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 131839 0 89884 15834 5 491 24 6586 0 317 3023 39 4918 
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Macrobenthos Schelde estuary 

SALINITY REGION 3 - LITTORAL ZONE 
Den si Biomass 

ValidN Mean Min. Max. Std.Dev. ValidN 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 
ARENMAAl 485 4,20 0 277 19,38 411 0,2118 0 12,9483 1,0533 
BATHSPEG 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 1129 0 67 7,58 473 010025 0 0,6598 0,0324 
ETEOLONG 485 130155 0 11402 848,62 411 0,0534 0 2,3096 0,1997 
EURYPULC 485 30163 0 1173 123186 41 1 0,0174 0 0,8350 0,0765 
GAMMSALI 485 0122 0 67 3,57 473 9,45E- 0 0,0335 0,0016 
GAMMSPEC 485 2,73 0 159 15137 473 9167E- 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 
HA USAREN 485 15,92 0 1089 72,65 411 010274 0 1,0228 0,1072 
HETEFILI 485 2800188 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 9128E- 0 0,0341 0,0017 
MANMEST 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 010006 
MYSJDACE 485 0145 0 67 3,76 411 0,0002 0 0,0140 0,0014 
MYTIEDUL 485 0108 0 26 1,26 411 0,0003 0 0,1167 010058 
NEMERTEA 485 14,87 0 755 56,78 411 0,0089 0 014820 0,0407 
NEOMINTE 485 0,16 0 67 3,05 411 7171E- 0 0,0208 0,0011 
NEPHCAEC 485 0,16 0 50 2,54 473 010002 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 010069 0 1,6813 010911 
NEREDIVE 485 348154 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 012947 
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 010393 0 1710103 0,7828 
PLEUGLAB 485 0 0 0 0 411 0 0 0 0 
POLYSPEC 485 390178 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 9173E- 0 0,0040 0,0002 
SCOLSQUA 485 0,19 0 42 2,71 473 010002 0 0,0796 0,0039 
SCROPLAN 485 38,08 0 951 138,65 411 1,0759 0 63,5364 4,4074 
SP 1080MB 485 0,37 0 154 7,09 473 9,30E- 0 0,0040 010002 
SPIOSPEC 485 1116 0 92 7,53 411 0,0002 0 0,0126 0,0012 
SPJSSPEC 485 1113 0 267 14,97 473 1,73E- 0 0,0058 0,0003 
THARMARI 485 17,84 0 6101 278174 411 0,0077 0 2,4522 0,1214 

SUM 485 12996 3 0 225567 22012 8 411 84655 0 101 5968 12 7020 
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SALINITY REGION 4 - LITTORAL ZONE 
Densi Biomass 

ValidN 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 
ANAIMUCO 287 0 0 0 0 287 0 0 0 0 
ANGUTENU 287 0 0 0 0 287 0 0 0 0 
ARENMARl 287 0 0 0 0 287 0 0 0 0 
BATHSPEG 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 
ME SOSLAB 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 65405 0 52 3739 64782 
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Ecoprofiles 

INTRODUCTION 

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

• INTR.onucnoN: short summary of the importance of the species in the Schelde estuary 
• AUTO-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. More extended reviews are given for Cerastoderma edule, Corophium volutator, and 
Macoma balthica. 

• OccURRENCE IN TIIE SCHELDE ESTIJARY: 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 arealso presented. 

• REsPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE: For each species a 
(stepwise) logistic regressionmodel 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 toeach value and 
therefore the data are presenled as m NAP + 2.5m. To know the real height +2.5m NAP 
should be subtracted. 

• maximum ebb (maxeb) and flood (maxfl) current velocity: expressedas 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 p,m, 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 p,m and the corresponding curve on the 
figure relates to the complete range of the x-axis. 

For each abiotic variabie the regression coefficients ( + standard error) are given, together 
with the concordance, which gives an indication of the performance of the model basedon 
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. 

• MULTIPLE 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 fora limited set of data, the analysis was run separately withand 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 statistica! analysis used, see Material & Methods in Part one 
of this report. 
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Macrobenthos Schelde estULZry 

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

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

3 
11 
19 
27 
39 
47 
59 
67 
75 
85 
97 

107 
115 
123 
131 
139 
147 
155 
163 
171 

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

ECOPROF1LE OF ARENICOLA MARINA 

I NTRODUCTION 

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

AUTO· ECOLOGY 

AREN/COLA MARINA l Annelida Polvchaeta 
General 

The lugworm A. marina is a camman 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 tata! macrozoobenthic biomass (BEUKEMA, 
1976). The tails of A. marina are an important food souree for fish (e.g. plaice Pleuronectes platessa) (DE VLAS, 
1979a,b; BERGMAN et al., 1988). 

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

occur up to salinities of± 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 leveland silt contents coincide (BEUKEMA & DE VLAS, 1979). Numerical densities as wellas 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 tidallevels. 

Feeding 
A. marina livesin J-shaped tubes, 20 to 40 cm deep (JAKOBSEN, 1967; DE WILDE & FARKE, 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 & FARKE, 1983). A. marina is a selective 
deposit feeder, feeding mainly on benthic microalgae and bacteria (RuKEN, 1979; DE WILDE & FARKE, 1983). 
During feeding A. marina selects the smaller particles (<300-400JLm) (BAUMFALK, 1979), whereas the larger 
particles are pusbed out, forming the typical, so-called 'Hydrobia layer' (VAN STRAATEN, 1956 and SHÄFER, 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 bas a large impact on the 
rnicrobial communities and biochemica! activities in the sediment (REISE, 1985; REICHARDT, 1988) and on the 
remobilization of nutrients (Asmus, 1986). Settiement of macrobenthic larvae and juveniles may be hampered by the 
activity of sediment reworking invertebrates, such as Arenicola marina (FI..ACH, 1992). 

Popu/ation dynamics and life history 
The time of spawning differs between areas, but mostly occurs in autumn (WOLLF, 1973; DE Wn..oE & 

BERGHUIS, 1979; POLLACK, 1979). The adult females lay the eggs in the horizontal part of 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 (FARKE & BERGHUIS, 1979b). The next summer (first settlement) the juveniles rnigrate back through 
passive transport to the higher parts of the intertidal zone (F ARKE et al., 1979). After this fust settlement, a 
resettllement occurs almast one year later towards lower levels and coarser sediments (BEUKEMA & DE VLAS, 
1979). 
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Macrobenthos Schelde estuary 

Arenicola mari a 
occurrence 

Opresence (324) 
·absence (2788) 

Arenicola 
blomoss (g AFDV. fm') 

~22~ 
e 4,5 

Figure 1.2. Geographical distribution mapsof Arenicola marina in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW m·2) data (bottom). 
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Ecoprofile Arenicola marina 

ÛCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
The presence of A. marina is mainly restricted to the polyhaline (salinity region 1 and 2), 

littoral zone (Table 1.1). In the a-mesohaline, intertictal zone (salinity region 3), the species is 
observed irregularly, and in the ~-mesohaline zone (salinity region 4) the species is 
completely absent. In the subtictal zone A. marina was hardly observed. 

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

The geographical distri bution of A. marina in the Schelde estuary is shown in Fig. 1.2. 

Table l.I. Occurrence (p/a) of A. marina along the salinity and depth gradients ofthe Schelde 
estuary. N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

2 3 4 

littoral 30,2% (n=262) 37,0% (n= 503) 9,1 % (n=485) 0,0 % (n= 287) 
undeep subtidal 2,7% 'n=151) 1 ,3 % (n=153) 0,8 % (n=127) 0,0% (n=51) 
deep subtidal 0,0 % (n=123) 3,9 % (n=130) 0,0% (n=112) 0,0% (n=67) 
channel 0,5 % (n=186) 1 ,2% (n=173) 0,0 ~;, (n=232) 0,0% (n=70) 

N 40 I [l --·-. 3. 
f ~ tn;JE~-'--Q-~--"--=i---~. 

2 3 4 2 3 4 

area area 

g littoral f!l undeep subtidal o deep subtidal o channel I glittoral cundeep subtidal odeep subtidal ochannel 

Figure l.I. Mean density (ind nt"2) and biomass (g AFDW n-(2 ) of A. marina along the salinity and 
depth gradient in the Schelde estuaJy (area: I &2: polyhaline zone; 3 &4: mesohaline zone). 

Seasonal variations: spring versus autumn occurrence 
In the polyhaline zone A. marina was observed more frequently in sp1ing as compared to 

autumn, resulting in a higher spring density and biomass (Table 1.2). In the ~-mesohaline 
zone (salinity region 3) the opposite was observed, with a higher occu1Tence, density and 
biomass in autumn, which probably is explained by the lower salinities occmTing in winter 
and spring in this salinity region, which caused more unfavourable conditions for this species. 

Table I.2. Spring (March- May) versus autumn (Augustus- October) occurrence (pla), density (ind 
m-2) and biomass (g AFDW m-2) of A.marina in the littoral zone ofthe Schelde estuary (salinity 
regions: I &2: polyhaline zone; 3 &4: mesohaline zone). 

LITTORAL 2 3 4 

Presence Spring 34,0 % (n=97) 46,8 % (n= 169) 5,4 % (n=147) 0,0% (n= 33) 
Autumn 28,2 % (n=135) 30,3 % (n=218) 1 0,4 % (n=249) 0,0% (n= 214) 

Density Spring 13 51 4 0 
Autumn 9 25 5 0 

Biomass Spring 1,71 3,84 0,12 0 
Autumn 0,92 1,89 0,26 0 
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Macrobenthos Schelde estuary 

RESPONSE CURVES FORA SINGLE ABIOTIC (EXPLANA TORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. 

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

unirnadal response curves for both models. An optimum is observed in the polyhaline zone, 
being around 24 psu and 22 psu for 'model salinity' and 'tempora! salinity' respectively. The 
'model salinity' model showed a more narrow toleranee with an optimum which shifted 
towards a higher salinity as compared to the ' tempora! salinity' model. The 'tempora! salinity' 
model showed a much braader response curve, ex tending 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 ' tempora! salinity' model (see Material 
& Methods), and not with the 'model salinity' model, since this model does nottake 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 
-1erçorat saimy 

marina coefficient ········· mcxlel9irity 

Q3) .····. 
Present: 324 ·. 

Absent: 2788 OIS 

intercept -4,4876 0,4616 
Q, 

Model salinity 0,2359 0,0502 010 

Model salinity2 -0,00529 0,00129 
coneerdance 56,90% 

o.a; 

in te reept -16,0576 1,5543 
,' 

Temporal salinity 1,2208 0,1362 0 00 
.. ·· 

10 IS 3) 25 3) 35 
Temporal salinity2 -0,0254 0,00293 sairity 
coneerdance 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 intertictal zone (see Table 1.1), a steep 
decreasing response was observed with increasing depth. 

Arenicola Term Regression Standard error 0,3) 

marina coefficient 
0,25 

Present: 275 
Absent: 2599 

intercept -0,9723 0,0989 0.1S 

depth -0,3062 0,0275 
Cl. 

depth2 0.10 

coneerdance 74,80% 
o.os 

0,00 
0 10 IS 3) 25 3) 

~(mN>lP+2.5rri 
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Ecoprofile Arenicola marina 

Maximum ebb and flood current veloeities 
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. 

Arenicols Term Regression Standard error Q25 

marins coefficient 

Present: 313 
Absent: 2724 

lntercept -3,3084 0,3621 
Maxeb 11,8410 1,7419 Q. 

Maxeb2 -16,3873 1,9876 
Concordance 78,00% 

o,c6 

lntercept -1,9378 0,2319 
Maxfl 5,3515 1,2111 
Maxfl2 -9,5841 1,3902 

0,1 (),2 Q,3 0,4 o,s o,s 0,7 o,s Q,9 1,0 

Concordance 78,90% 
amrt wlocity (m's) 

Sediment characteristics: median grainsize urn) and mud content (%) 

1,1 

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 f.Lm and for mud content with 
an optimum of 25%. However, A. marina showed a relatively broad toleranee and only in very 
coarse or very muddy sediments the chance of observing this species was very small. 

Arenicols Term Regression Standard error Q25 
......... rru:JCXJ1a1 (<~IITI 

marins coefficient -rreda'1 (1llir8>e (ln'l 

(\3) 
.... \ 

Present: 186 
absent: 1200 

0,15 j 
intercept -3,5036 0,4026 
median 0,0250 0,0518 Q. 

median2 -0,00008 0,000016 0,10 

concordance 62,60% 
present: 172 o,cx; 

absent: 1121 
intercept -2,0977 0,1333 
mud 0,0600 0,0146 0,00 

0 Sl 1CO 1Sl :m 2Sl :m 
mud2 -0,00117 0,000257 SllCirnrt cta a::ta1Siics 
conoordance 63,90% 
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Macrobenthos Schelde estuary 

MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regression model without sediment characteristics, linear andlor 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 linearand 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 for the binary multiple Zo gistic regression model, withoutand with sediment 
characteristics included, respectively. 

Aren i co/a Term Regression Standard Term Regression Standarel 
marins coefficient error coefficient error 

without sediment with sediment 
presence: 269 Presence: 172 
absence:2558 Absence: 1121 

intercept -13,4934 1,7360 lntercept -9,3460 0,9117 
Temporal salinityz -0,00099 0,000497 Temporal salinityz -0,00260 0,000701 

Model salinity 1,0284 0,1600 Model salinity 0,2921 0,0361 
Model salinity2 -0,0194 0,00360 Depth 1,4338 0,3824 

Depth -0,2633 0,0559 Depth2 -0,3155 0,0785 
Depth2 0,00438 0,00155 Maxeb 3,0047 1 ,0111 
Maxeb 5,4847 1,9563 Maxfl -3,3583 0,7804 

Maxeb2 -6,6295 2,0977 Median 0,0208 0,00625 
Maxfl -1,9627 0,4712 Median2 -0,00007 0,000018 

conoordance 88,8% Coneerdance 90,8% 

Percent correct predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 rnadeis 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 staristics on the prediered and observed occurrence of A. marina in 
the Schelde estuary based on the regression models withoutand with sediment characteristics 
included, respectively. (Po= Present observed; Ao =Absent observed; Pm =Present 
prediered by the model; Am =Absent predicted by the model). Fisher exact one-tailed test 
( observed.by model: Po<Ao ). 

Response 
Observed 

Po 
Ao 

Total 

Arenicola marina (p=0,354) 
(without sediment characteristics} 

Model 
Pm Am Total 

120 149 269 
149 2409 2558 
269 2558 2827 

0,388 

% 
correct 

44,6 
94,2 
89,5 

Ditterenee between proportions I 
95%CI -1,000 to 0,438 (normal approximation} 

Fisher exact test: 1-tailed pI <0.0001 (exact} 
(observed by model: Po<Ao} 

Arenicola marina (p=0,364) 
(with sediment characteristics} 

Response 
Observed 

Po 
Ao 

Total 

Model 
Pm 

87 
85 

172 

0,430 

Am Total 
85 172 

1036 1121 
1121 1293 

% 
correct 

50,6 
92,4 
86,9 

Ditterenee between proportions I 
95%CI -1,000 to 0,494 (normal approximation} 

Fisher exact test: 1-tailed pI <0.0001 (exact} 
(observed by model: Po<Ao} 
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Ecoprofile Bathyporeia spp. 

ECDPROFILE OF BATHYPOREIA SPP. 

INTRODUCTION 

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 
Iow 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. 

AUTO-ECOLOGY 

BATHYPORE/A SPP. I Arthroooda Amohill_oda Haustoriidae 
General 

As the genus Bathyporeia is a difficult group in tenns of determination, and as this genus was not always 
detennined at species level, all individuals belonging to the genus Bathyporeia were Iurnped 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 bere is therefore mainly based on 
Bathyporeia pilosa literature. 

Bathyporeia spp. is a bentbic amphipod, widely distributed in the shallow coastal areas of the North 
Temperate Zone. This euryhaline species lives in the sediment, but does notbuilt permanent tubes. The animals 
move through the top layer of 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 

(LELOUP & KONIETZKO, 1956; VADER, 1965). 8. pilosa is very tolerant to low salinities (SEGERSTRALE, 1943), 
which was also observed in experimental studies ofPREECE (1970). 

Sediment type: The preferred substratum of Bathyporeia spp. are sandy (< 210 p.m), well sorted 
sediments, with a mud content of up to 25% (DAHL, 1952; V ADER, 1965; FISH & PREECE, 1970; BOYDEN & 
LriTLE, 1973; SHACKLEY, 1981). Field investigations performed by KHAYRALLAH & JONES (1980) showed that 
B. pilosa rarely occurs in sediments with a median partiele diameter outside the range 150-220 p.m 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 (CROKER, 1967; NICOLAISEN & KANNEWORFF, 1969; SAMEOTO, 1969) and therefore Bathyporeia spp. is 
a typical inhabitant of unstable, sandy sediments (KHA YRALLAH & JONES, 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 ADER, 1965; NICOLAISEN & KANNEWORFF, 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 (NICOLAISEN & KANNEWORFF, 1969; SONDBACK & 
PERSSON, 1981). 

Popukltion 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-sumrner generation, reproducing in sumrner (FISH & PREECE, 
1970; FISH, 1975; POWELL& MOORE, 1991). Reproductive cycles are closely linked with photoperiod, and 
environmental temperature dependent (SALVAT, 1967; POWEU..& MOORE, 1991), and during that period the 
species is often observed swimming (e.g. PREECE, 1971). 
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BATHYPORE/A SPEC. 
occurrence 

opresence (936) 
·absence (2176) 

BATHYPORE/A SPEC. 
density (N/m') 

~.(XX) 
~ lO.OOJ 
0 2.000 

Figure 2.2 Geographical distribution mapsof Bathyporeia spp. in the Schelde estuary with 
presence/absence data (top) and density (ind m·2) data (bottom). 
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Ecoprofile Bathyporeia spp. 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
Bathyporeia spp. occurrect along the whole salinity gractient of the Schelde estuary, with a 

clear optimum in the a-mesohaline zone (salinity region 3) (Table 2.1 ). In the polyhaline 
zone Bathyporeia spp. clearly preterred the intertictal zone, whereas in the a-mesohaline zone 
this species was observect frequently in all depth strata. In the ~-mesohaline zone Bathyporeia 
spp. showect an opposite trend, with a higher occurrence in the subtictal zone. Both biomass 
and density showed a same trend, with an increase from salinity region 1 towards salinity 
region 3 and highest ctensities in the intertictal zone (Figure 2.1). However, in the subtictal of 
the a-mesohaline zone Bathyporeia spp. makes up± 20% of the total density observed. In 
salinity region 4 overall density and biomass was low. The geographical distribution of 
Bathyporeia in the Schelde estuary is shown in Fig. 2.2. 

Table 2.1. Occurrence (p/a) of Bathyporeia spp. along the salinity and depth gradients of the Schelde 
estuary. N=number ofobservations (salinity regions: I &2: polyhaline; 3&4: mesohaline). 

2 3 4 

Littoral 32,8 % (n=262) 46,1 % (n= 503) 57,3 % (n=485) 7,7% (n= 287) 
Undeep subtidal 6,0 ~~ 'n=151) 13,1%(n=153) 54,3 % (n=127) 17,6% (n=51 ) 
Deep subtidal 3,3 % (n=123) 7,7% (n=130) 48,2 % (n=112) 17,9% (n=67) 
Channel 1,1%(n=186) 6,4 % (n=173) 43,1 % (n=232) 25,7% (n=70) 

2 3 4 2 3 4 

area area 

jolittoral cundeep subtidal odeep subtidal ochannel! olittoral sundeep subtidal odeep subtidal ochannel 

Figure 2.1. Mean density (ind m·2) and biomass (g AFDW m'2) of Bathyporeia spp. along the salinity 
and depth gradient in the Schelde estuary (areas: I &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
Bathyporeia spp. was more frequently observed in spring as compared to autumn, except 

in salinity region 4 (Table 2.2). Mean density and biomass were comparable in both seasons. 

Table 2.2. Spring (Mar-May) versus autumn (Aug-Oct) occurrence (presence/absence), density (ind 
m '2) and biomass (g AFDW m·2) of Bathyporeia spp. in the littoral zone ofthe Schelde estuary. 
(salinity regions: 1&2: polyhaline zone; 3&4: mesahafine zone). 

LITTORAL 2 3 4 

Presence Spring 40,2 % (n=97) 57,4% (n= 169) 62,6 % (n=147) 3,0% (n= 33) 
Autumn 31,1% (n=135) 32,6 % (n=218) 53,4 % (n=249) 8,9% (n= 214) 

Density Spring 307 546 628 1,3 
Autumn 294 348 807 85 

Biomass Spring 0,0674 0,1369 0,1259 0,00025 
Autumn 0,0424 0,0481 0,1160 0,0088 
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Macrobenthos Schelde estuary 

RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

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 linearand 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 
wastheresult of a higher frequency of occurrence of Bathyporeia spp. in spring (especially in 
the littoral zone), when in general lower (tennporal) salinities are observed. This was already 
indicated by Table 2.2., where in the littoral zone Bathyporeia spp. was more frequently 
observed in spring. 

Bathyporeis Term Regression Standard error <1.0 

spp. coefficient <135 

-lel'rpr.llsái"ity 
.. ....... tralel $ärily 

<130 

present: 670 
absent: 2442 02S 

lntercept -2,6619 0,2674 ll2l 

Temporal salinity 0,2620 0,0334 
Q. 

Temporal salinity2 -0,00905 0,000969 <115 

Coneerdance 64,50% <110 

lntercept -6,9094 0,4742 
<lOS 

Model salinity 0,6907 0,0506 <100 

Model salinity2 -0,0186 0,00130 
0 10 15 3) 2S 30 35 

conoordance 69,70% 

Depth 
Both the linearand 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 intertictal and shallow subtictal zone, but also in the deep 
subtictal and the channels the species could be observed, although less frequently. 

Bathyporeis Term Regression Standard error o..a 

spp. coefficient 0.35 

0.30 

present: 589 
absent: 2285 <12S 

intercept -0,5482 0,0778 o.a:> 
depth -0,1748 0,0181 Q. 

depth2 0,00139 0,000671 0.15 

conoordance 66,30% 0.10 

o.os 

0.00 
0 10 15 20 25 30 

dep1h (m NAP + 2.5m) 
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Ecoprofile Bathyporeia spp. 

Maximum ebb and flood current veloeities (m.s-1
) 

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 preferenee for the lower current velocities. 

Bathyporeis Term Regression Standard error 0.35 
- rraxeb 

spp. coefficient ---· rraxftood 

present: 654 D.25 

absent: 2383 Q.3) 

lntercept -0,8305 0,0978 
Q. 

Maxeb -0,7429 0,1448 0.15 

Maxeb2 
Concordance 56,40% 0.10 

OIT> 
lntercept -0,7845 0,0863 
Maxfl -0,8207 0,1256 0.00 

Maxfl2 0.0 0.1 o,;i! 0,3 (1,4 o.s OJj 0.7 o.a o.a 1.0 

Concordance 5800% 
aJ'I'I!1't IIBkxily (m's) 

Sediment characteristics: median grainsize (gm) 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 
unirnadal 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. 

Bathyporeis Term Regression Standarel error o..s ......... rnd0011a't (< 63jAt1) 

spp. coefficient O.«l -""""'"'IJ'IIireiZe(l.rn) 

0,315 

Present: 366 0,30 

Absent: 1136 
intercept -5,8042 0,4848 D.25 

median 0,0484 0,00501 Q.Q.3) 

median2 -0,00011 0,000012 0.15 

concordance 69,00% 0.10 

Present: 347 
Absent: 1 039 OIT> 

0.00 

1,1 

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

Sl 100 1Sl ZlO 2Sl 3Xl 

secltrert cl1lnderistics 
mud2 
concordance 7170% 
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Macrobenthos Schelde estuary 

MULTIPLE STEPWISE LOGISTIC REGRESSION 

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 withand 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 linearand 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 actding most to the change of deviance in the model. 

Table.2.3. Results for the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively. 

Bathyporeis Term Regression Standard Term Regression Standard 
spp. coefficient error coefficient error 

without sediment with sediment 
Presence: 583 Presence: 331 
absence:2244 Absence:962 

lntercept -7,2309 0,5386 lntercept -2,6535 0,7288 
Temporal salinity 0,1585 0,0416 Temporal salinity 0,3857 0,0777 

Temporal salinity2 -0,00626 0,00137 Temporal salinity2 -0,0125 0,00237 
Model salinity 0,6689 0,0631 Depth -0,4620 0,0552 

Model salinity2 -O,D169 0,00174 Depth2 0,0126 0,00209 
Depth -0,2882 0,0262 Maxeb 4,1235 1,2321 

Depth2 0,00571 0,000787 Maxeb2 -1,7495 0,8251 
Maxeb2 1,1721 0,1681 Mud -0,0978 0,0101 

coneerdance 79,1% coneerdance 85,3% 

Percent correct predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 staristics on the prediered and observed occurrence of Bathyporeia 
spp. in the Schelde estuary basedon the regression models without and with sediment 
characteristics included, respectively. (Po= Present observed; Ao =Absent observed; Pm = 
Present prediered by rhe model; Am =Absent prediered by the model). 

Response 

Observed 

Po 

Ao 

Total 

Ditterenee between proportions I 
95%CI 

Bathyporeis spp. (p=0,38) 

(without sediment characteristics) 

Model % 
Pm Am Total Correct 

273 310 583 46,8 
310 1934 2244 86,2 

583 2244 2827 78,1 

0,330 
-1 ,000 to 0,366 ( normal approximation) 

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

Response 

Observed 

Po 
Ao 

Total 

Ditterenee between proportions I 
95%CI 

Bathyporeis spp. (p=0,46) 

(with sediment characteristics) 

Model 
Pm Am Total 

207 124 331 

124 838 962 

331 962 1293 

0,496 

% 
correct 

62,5 
87,1 

80,8 

-1,000 to 0,544 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
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Ecoprofile Capitella capitata 

ECOPROFILE OF CAPITELLA CAPIT ATA 

INTRODUCTION 

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. 

AUTü-ECOLOGY 

CAPITELLA CAP/TATA I Annelida, Polvchaeta 
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 (HARTMANN-SCHRÖDER, 1971). 
Maximum depth in thesediment is 24 cm, but most individuals of C. capitata are observed at adepthof 12-18 
cm (WARREN, 1976, 1977). 

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

LELOUP & KONIETZKO (1956) observed the species in the Zeeschelde near the isohaline of 4 g Crn (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 

gcrn. 
Sediment type: According to HARTMANN-SCHRÖDER (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; 
WARREN, 1977). However, the most important, cantrolling factor for C. capitata seems to be the instability of the 
sediment: highest densities are observed in instabie sediments (GRASSLE & GRASSLE, 1974; JAMES & GmsoN, 
1980). 

Feeding 
C. capitata is a non selective deposit feeders, feeding mainly on micro-organisms (WARREN, 1977), which 

are living on decaying material (TENORE, 1977; TENORB & HANSON, 1980). 

Population dy1Ulmics and life history 
C. capitata is monotelic and one of 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 batch. The female takes care of the brood (HARTMANN-SCHRÖDER, 1971 ; TSUTSUMI & 
KIKUCHI, 1984). After ten days the metatrochophora larvae leave the tube and stay fora week in the pelagic, after 
which they settle. The settiement is stimulated by sulfur combinations, products of anaerobic processes (CUOMO, 
1985). 
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Macrobenthos Schelde estuary 

CAPITELLA CAPITA 
occurrence 

~presence (376) 
•absence (2736) 

CAPITELLA CAPITA TA 
densiiy (N/m') I 

t,·~~ I 
(!) 210 

Figure 3.2. Geographical distribution mapsof Capitella capitata in the Schelde estuary with 
presence!absence data (top) and density (ind m-2) data (bottom). 
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Ecoprofile Capitella capitata 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
C. capitata was present in the salinity regions 1 to 3, but was almost completely absent in 

salinity region 4 (Table 3.1). In the littoral zone and the undeep subtictal zone a decreasein 
occurrence was observed with decreasing salinity, whereas in the deep subtictal zone and the 
channel the species was most frequently observed in the salinity region 3. 

Both biomass and density were very low (Figure 3.1), and C. capitata is of no importance 
for the overall macrobenthic density or biomass in the Schelde estuary. Densities were in 
general higher in the littoral and decreased with decreasing salinity, whereas for biomass no 
clear trend was observed. The geographical distribution of C. capitata in the Schelde estuary 
is shown in Fig. 3.2. 

Table 3.1. Occurrence (pla) ofC. capitata along the salinity and depth gradients ofthe Schelde 
estuary. N=number of observations ( salinity regions: I &2: polyhaline; 3 &4: mesohaline ). 

Littoral 
Undeep subtidal 
deep subtidal 
Channel 

28,6 % (n=262) 
16,6%'n=151) 
6,5 ~~ (n=123) 
8,6 % (n=186) 

2 3 

area 

4 

2 

18,3 % (n= 503) 
9,8% (n=153) 
7,7 % (n=130) 
5,2 % (n=173) 

3 

10,5 % (n=485) 
9,4 % (n=127) 

12,5% (n=1 12) 
20,7 % {n=232) 

4 

0,7% (n= 287) 
0% (n=51) 
0 % (n=67) 
0 % (n=70) 

80~----------~----------~~ 

Ë 60: z ~ 
~ 40 ' 
( jj 

;20 
'C 

2 3 4 

area 

olittoral !) undeep subtidal o deep subtidal ochannel . o littoral 1!1 undeep subtidal o deep subtidal o channel 

Figure 3.I. Mean density (ind m":) and biomass (g AFDW m'2) ofC. capitata along the salinity and 
depth gradient in the Schelde estuary ( areas: I &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
C. capitata. was slightly more frequently observed in autumn as compared to spring 

(Table 3.2). In salinity region 1 and 2 mean density was higher in autumn, but for biomass this 
was only reflected in salinity region 2. 

Table 3.2. Spring (Mar-May) versus autumn (Aug-Oct) occurrence (presence!absence), density (ind 
m'2) and biomass (g AFDW m'2) of C. capitata in the littoral zone ofthe Schelde estuary. (salinity 
regions: I &2: polyhaline zone; 3&4: mesohaline zone). 

LITTORAL 2 3 4 

Presence Spring 23,7 % (n=97) 13,0 % (n= 169) 7,5% (n=147) 0,0% (n= 33) 
Autumn 30,4 % {n=135) 22,5 % (n=218) 10,0 % (n=249) 0,9% {n= 214) 

Density Spring 34 22 6 0 
Autumn 102 59 7 0,4 

Biomass Spring 0,0116 0,0043 0,0025 0 
Autumn 0,0094 0,0080 0,0020 0,0002 
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Macrobenthos Schelde estuary 

RESPONSE CURVESFORA SINGLE ABIOTIC (EXPIANATORY) VARIABLE 

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

Model salinity and temporal salinity 
Both the linear and quadratic term of both 'tempora! 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 Term Regression Standarel error = - D'f'IXlr3 !Snty 
ca pitsta coefticient •••.• rrrDj á'ity 

0.15 

present: 376 
absent: 2736 

lntercept -4,5302 0,4704 
Temporal salinity 0,2017 0,0492 
Temporal salinity2 -0,00334 0,00122 
Coneerdance 62,30% 

lntercept -7,0033 0,7585 
Model salinity 0,4205 0,0714 

10 15 2) 25 3l 
Model salinity2 -0,00811 0,00163 

salirity 
Coneerdance 58,10% 

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

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

Capitella Term Regression Standard error O.Cl 

ca pitsta coefficient o,:r; 

Q3l 

present: 341 
absent: 2533 o.z 

lntercept -2,0053 0,0577 = 
Depth 

Q. 

depth2 0.15 

Coneerdance 0.10 

o.a; 

(),(X) 

0 10 15 lil 25 3l 

~ (mNolf'+2.5'\1 
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Ecoprofile Capitella capitata 

Maximum ebb and flood current veloeities (m.s-1
) 

Only the quadratic term was included in the maximum ebb current velocity (maxeb) 
model, whereas both the linearand 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, showinga very broad tolerance. 

Ca pitel/a Term Regression Standard error -rrsceb 
capitata coefficient - ·-·-· lTS( tlood 

0.15 

present: 365 ---~., 
absent: 2672 

lntercept -1,6555 0,0823 
/ " Q. 0.10 

.......... 

Maxeb 
Maxeb2 ·0,7265 0,1460 
Conoordance 56,60% 0,05 

lntercept -2,2591 0,1937 
Maxfl 1,9609 0,6711 0,00 

Maxfl2 -1 ,8766 0,5029 
0.0 0.1 o.:z (),8 o.• o.s (),8 0.7 (),8 0.9 lP 1,1 

Conoordance 5530% 
a.mrt Vfilt:xil:t (m's) 

Sediment characteristics: median grainsize (gm) 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. 

Ca pitel/a Term Regression Standard error (\3) . . . . . nul CXJ1irt ( < 63/ATt 

capitata coefficient -nma.~(lnt 

present: 199 
0.15 : 

absent: 1303 
·. 

intercept -1,8791 0,0761 ... 0,10 

median 
median2 

conoordance (),(15 

present: 191 
absent: 1195 

intercept -1,3901 0,1138 0,00 

mud -0,0455 0,0138 
0 9l 1CX) IS) 3D 2l:l 3:X) 

seclrre"t d aa:lailD:s 
mud2 0,000398 0,000202 
conoordance 59150% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regression model without sediment characteristics, the linear term for temporal 
salinity, the linearand 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 for the binary multiple logistic regression model, withoutand with sediment 
characteristics included, rese.ectivelJ!.: 

Ca pitel/a Term Regression Standard Term Regression Standard 
capftata coefficient error coefficient error 

without sediment with sediment 
presence: 338 Presence: 169 
absence:2489 Absence:1124 

intercept -7,7042 0,8370 lntercept -6,3986 1,4484 
Temporal salinity 0,0683 O,D162 Temporal salinity 0,0624 0,0233 

Model salinity 0,4875 o,on8 Model salinity 0,4684 0,1287 
Model salinity2 -0,0114 0,0018 Model salinity2 -0,0101 0,00304 

Maxeb2 -0,8317 o,15n Depth2 0,00192 0,000586 
Median -0,00757 0,00192 

Mud -0,0403 0,00952 

coneerdance 67,1 % coneerdance 72,8% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 staristics on the predicted and observed occurrence of 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). 

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions I 
95%CI 

Capitel/a cap/tata (p=0,213) 

(without sediment characteristics) 

Model 
Pm Am Total 

68 270 338 

270 2219 2489 

338 2489 2827 

% 
Correct 

20,1 
89,2 

80,9 

(normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions I 
95%CI 

Capitella capitata (p=0,236) 

(with sediment characteristics) 

Model % 
Pm Am Total correct 

50 119 169 29,6 
119 1005 1124 89,4 

169 1124 1293 81,6 

(normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
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ECOPROFILE OF THE EDmLE COCKLE CERASTODERMA EDULE 

INTRODUCTION 

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 intertictal zone C. edule is the dominant constituent of the total 
macrobenthic biomass ( 48% of the intertictal total biomass in salinity region 1 and 30% in 
salinity region 2). 

AUTO·ECOLOGY 

CERASTODERMA EDULE I Mollusca, Bi val va 
General 

The Edible Cockle Cerastoderma edule is a common bivalve mollusc species of estuarine and coastal 
waters. C. edule Jives 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 & W ANNINK. 1989). C. edule is not evenly 
distributed, but occurs typically aggregated in beds, mainly in the intertirlal zone. 

The Cockle may play an important role in the estuarine and shallow coastal food webs (HERMAN et al., 
1999). When very abundant, this species can filter large amounts of suspended matter (seston) in the water 
column (SMAAL et al., 1986). 

HABITAT PREFERENCES 
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 of the estuaries with an average salinity 
below about 12 g Cr/I at high tide or 10 g crn at low tide during normal river discharge (WOLFF, 1973). TEBBLE 
(1966) and Muus (1967) also recorded 10-12 g Crll as the lower limit of occurrence. When C. edule is exposed 
to very low salinities (2-4 g Cr!l) due to high river runoffs, massive mortality can occur. 

Sediment type: C. edule occurs on a wide range of sediments. According toKRISTENSEN (1957) C. edule 
does notprefera eertaio sediment type. WOLFF (1973) gives as range of occurrence a median grain size of 70-
250 p.m. DANKERS & BEUKEMA (1981) gives as lower limit of occurrence for German and Dutch Wadden Sea 
cockels a median grain size of 80-110 p.m, and an optimum (highest biomass) between 110 and 200 p.m. The 
large range of sedirnents inhabited by C. edule reflects that it is not influenced so much by the nature of the 
sediment, but mainly by the hydrodynamica] conditions accompanying the sediment (WOLFF, 1973). The currents 
must not be so fast that the cockies are wasbed out, but fast enough to provide enough food and to prevent the 
deposition of a Jayer of detritus. 

Feeding 
C. edule is a suspension feeder, ingesting large quantities of seston. Large concentrations of C. edule can 

reduce locally seston concentrations in the water column, and the grazing by bentbic suspension feeders might 
effectively control the phytoplankton in estuaries (e.g. HERMAN & SCHOLTEN, 1990, HERMAN et al., 1999). An 
extensive Iiterature exists on the feeding and selection mechanisms of suspension-feeding bivalves. Tbe pbysical 
resuspension of the bottorn sediments bas a significant effect on the quantity and quality of the SPM available to 
suspension-feeders. Suspension-feeders like C. edule are able to compensate for reduction in food quality and 
quantity by means of physiological mechanisms wbicb enhance the energy gain from environments characterised by 
large fluctuations in the quantity and quality of the seson (e.g. BAYNE & NEWELL, 1983, SHUMWAY et al., 1985, 
HAWKINS et al., 1996). It bas also been demonstrated that filter-feeding bivalves are able to compensate for the 
dilution of the organic fraction by the inorganic fraction of the seston by preferenrial ingestion of organic particles 
from the filtered matter and selective rejection of the inorganic matter within the pseudofaeces, but digestive 
efficiencies decrease with increasing SPM concentrations (e.g. KI0RBOE & M0HLENBERG, 1981; PRINs et al., 1991; 
IGLESIAS et al., 1996; NAVARRO & WIDDOWS, 1997). As suspension feeder, C. edule will grow less fast wben 
inundation time is sborter (Kristensen, 1957; Sutherland, 1982). 
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PopulatWn dynamics and life history 
One (HANCOCK & FRANKLIN, 1972) or two (SEED & BROWN, 1978) to six year old, C. edule spawns in 

late spring and summer. C. edule has a free spawning and extemal fertilization occurs in the water (Giese & 
Kanatani, 1987). Aftera pelagic life of± 1 month, Iarvae settie passively on the tidal flats, mainly driven by the 
local hydrodynamic factors. Juvenile C. edule, just Iike Macoi1Ul balthica, might actively migrate by crawling and 
floating. luvenile C. edule has a floating mechansim with one byssus thread (Y ANKSON, 1986). 

C. edule, just like M. arenaria, often have a good spatfall after severe winters (e.g. 1939, 1947, 1979, 
1987) (BEUKEMA, 1979, 1982; DORJES et al., 1986). This might be a consequence ofreduced predation by 
juvenile crabs (Carcinus 11Ulenas) and shrimps (Crangon crangon), which appear later in the season and witb a 
Iowered biomass aftera severe winter (VERWEU, 1981; BEUKEMA, 1991, 1992a; DUKEMA, 1992). Also the 
lowered predation by otber bentbic invertebrates, togehter with more 'space' aftera severe winter, makes 
conditions more profitable for C. edule spatfan to settie and to grow. After mild winters tbe spatfan is negligible 
(BEUKEMA, 1992b). 

The presence of adult bentbic suspension feeders, like C. edule and Mya arenaria, when present in high 
densities, might significantly reduce settiement success of bivalve larvae, and hence may limit reeruitment of new 
individuals (HANCOCK, 1973; MöLLER, 1986; BACHELETet al., 1991; ANDRÉ & ROSENBERG, 1991; ANDRÉ et 
al., 1993). The mechanism proposedis tbat adults filter settling larvae out of tbe water column (WOODIN, 1976) 
or that tbe adults through bioturbation hampers the settlement and enhance resuspension of the larvae. GUll..LOU 
& T ARTU (1994) mentions two critica! periods in tbe development of the cockle juveniles: one period witb a high 
post-larval mortality until autumn and a second period of high mortality in the winter until spring, probably 
caused by predation by crabs. Also parasite infestation by trematodes may cause substantial mortality injuvenile 
cockies (lONSSON & ANDRÉ, 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 of the phytoplankton in estuaries (e.g. HERMAN et al., 1999). Shrimps and crabs predate on 
tbe sman,juvenile cockies (VERWEY, 1981). Shrimps prefer cockies < 2 mm (PrnL & ROSENBERG, 1982); 
whereas crabs might consume large quantities of cockies up to 10-12 mm (JENSEN & lENSEN, 1985; GUll..LOU & 
TARTU, 1994). 

Large adult C. edule, present in high densities, might negatively affect the occurrence of smal! 
macrobentbic species living in tubes near the surface of the sediments, such as Corophium volutator and C. 
arenarium (lENSEN, 1985; FLACH, 1994). 
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Figure 4.2. Geographical distribution mapsof Cerastodemza edule in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW m·2) data (bottom). 

29 



Macrobenthos Schelde estuary 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
C. edule is a typical species of the polyhaline and polyhaline/mesohaline transition zone of 

the Schelde estuary (salinity regions 1 and 2) (Table 4.1). In the (3-mesohaline zone (salinity 
region 4) the species is absent. C. edule was only frequently observed in the littoral zone. 

Mean density and biomass was highest in the littoral zone (Figure 4.1). The proportion 
biomass: density clearly indicated larger individual biomasses in salinity region 1 and very 
small individuals in salinity region 3. In the undeep subtictal much lower densities and 
biomasses are observed, and in the deep subtictal and the channel the species is nearly absent. 

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

Table 4.1. Occurrence (pi a) of C. edule along the salinity and depth gradients of the Schelde estuary. 
N = manher of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

1 2 3 4 

Littoral 54,6 % (n=262) 46,1 % (n= 503) 24,3 % (n=485) 1% (n= 287) 
Undeep subtidal 6,0 % (n=151) 2,0% (n=153) 8,7% (n=127) 2,0% (n=51) 
Deep subtidal 4,1 % (n=123) 1,5%(n=130) 4,5 % (n=112) 0% (n=67) 
Channel 0,5 % (n=186) 1 ,2 % (n=173) 10,3 % (n=232) 0% (n=70) 
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Figure 4.1. Mean density (ind m·2) and biomass (g AFDW m·2) ofC. edule along the salinity and depth 
gradient in the Schelde estuary (area: 1 &2: polyhaline; 3 &4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
In all salinity regions C. edule was more frequently observed in autumn as compared to 

spring (Table 4.2). This was most pronounced in the a-mesohaline zone (salinity region 3). In 
salinity region 4 C. edule was in both seasons nearly completely absent. Both density and 
biomass were much higher in autumn as compared to spring. 

Table 4.2. Spring (March - May) versus autumn (Augustus- October) occurrence (presence/absence), 
density (ind m·2) and biomass (g AFDW m·2) of C. edule in the littoral zone ofthe Schelde estuary 
(salinity regions: 1&2: polyhaline zone; 3&4: mesahafine zone). 

LITTORAL 2 3 4 

Presence Spring 39,2% (n=97) 37,9% (n= 169) 4,1 % (n=147) 0,0% (n= 33) 
Autumn 65,9 % (n=135) 53,2 % (n=218) 35,9 % (n=249) 1 ,4 % (n= 214) 

Density Spring 60 136 2 0 
Autumn 652 843 270 1 

Biomass Spring 3,6 5,9 0,06 0 
Autumn 18,8 11 '1 0,57 0,0004 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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 modelbasedon temporal salinity showed a somewhat higher 
probability of occurrence in the lower salinity region. 

C. Edule Term Regression Standard e"or - llnflnl-*1 
coefficient - rralol-*/ ,._..,......._, 

present: 416 ~ 
absent: 2696 ' ! 

intercept -6,4215 0,5781 / 
Temporal salinity 0,4145 0,0581 Cl. I 

Temporal salinity2 -0,00848 0,00140 I 
I 

Coneerdance 63,50% / 
/ 

·' 
i 

lntercept -11 ,7787 1,1360 ______ / 

Model salinity 0,8450 0,1008 
"' .. "' "' 

., 
Model salinity2 -0,0169 0,00218 lárily 
Coneerdance 6620% 

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

typical species of the intertirlal zone, resulting in a steep decline in response towards the 
subtirlal zone. 

C. Edule 

present: 361 
absent: 2513 

Term 

lntercept 
Depth 
Depth2 

Coneerdance 

Regression coefficient Standard e"or 

-0,8972 

-0,0494 
78,30% 
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Maximum ebb and flood current veloeities 
Both the linear and quadratic terms were included in both current velocity models, 

resulting in a relatively narrow unirnadal response curve with an optimum around 0,30-0,35 
m.s·1

• Both low and high current veloeities seemed not to be preferred by C. edule. 

C. edu/e Term Regression coefficient Standard error - naclll 
- - nacflood 

present: 401 
absent: 2636 

lntercept -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 "" ... ... ... U> 

concordance 8360% 
amn IIBai!y(mll) 

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 unirnadal response curve with an optimum around 110 JLm 
and 35% for median grain size and mud content respectively. However, the response curve 
was rather broad and C. edule seemed rather tolerant conceming 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 Standarel error - rTBIInlr.*tiÎlll(uTI 
......... m.da1181 (%<63jll) 

present: 264 ............. 

absent: 1238 
intercept -2,3111 0,3181 
median 0,0246 0,00496 
median2 -0,00011 0,000018 
concordance 68,50% 

present: 259 Q1 

absent: 1127 
intercept -2,0283 0,1225 
mud 0,0744 0,0114 !I) 1CI) 1!11 :m Zl) 

mud2 -0,00106 0,000178 sDnrt~ 

coneerdance 666% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sedfment characteristics were only available fora 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. Results for the binary multiple logistic regression model, withoutand with sediment 
characteristics included, respectively. 

C. edule Term Regression Standard Term Regression Standard 
coetficient error coefficient error 

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

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

Temporal salinity2 ·0,00503 0,00241 Temporal salinity2 -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 Maxtl ·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 

conoordance 93,0% conoordance 92.0% 

Percent correct predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 stalistics on the prediered and observed occurrence of C. edule in the 
Schelde estuary basedon the regression models without and with sediment characteristics 
included, respectively. (Po= Present observed; Ao =Absent observed; Pm =Present 
prediered by the model; Am= Absent prediered by the model). 

Response 
Observed 

Po 
Ao 

Total 

Cerastoderma edule (p=0,42) 
(without sediment characteristics) 

Model 
Pm Am Total 

211 141 352 
141 2334 2475 
352 2475 2827 

0,542 

% 
correct 

59,9 
94,3 
90,0 

Ditterenee between proportions I 
95%CI -1,000 to 0,586 (normal approximation) 

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

Cerastoderma edule (p=0,42) 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po 151 81 232 
Ao 81 980 1061 

Total 232 1061 1293 

0,575 

% 
correct 

65,1 
92,4 
87,5 

Ditterenee between proportions I 
95%CI -1,000 to 0,628 (normal approximation) 

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

ECOPROFILE OF COROPHIUM ARENARIVM 

INTRODUCTION 

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 interticlal 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. 

AUTO·ECOLOGY 

COROPHIUM ARENARIVM I Arthroooda Amohiooda Coroohiidae 
General 

see Corophium valutator 

Habitat preferences 
Salinity: C. arenarium has a larger toleranee for higher salinities as compared to C. valutator (Mn.Ls & 

FISH, 1980). Juveniles of C. arenarium are less tolerant for long exposure to lower salinities then juveniles of 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 (MEADOWS, 1964a,b,c; MEADOWS & REID, 1966; GAMBLE, 1970). 

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

Popu/ation dynamics and life history 
see Corophim valutator 
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COROPHIUM ARENAR/U fA 
occurrence 
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Figure 5.2. Geographical distribution maps ofCorophium aren.arium in the Schelde estuary with 
presence/absence data (top) an.d density (ind m-2) data (bottom). 
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ÜCClJRRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
C. arenarium was equally present in the salinity regions 1 to 3, but was almast completely 

absent in salinity region 4 (Table 5.1). It was a typical species of the littoral zone, being 
almast completely absent in the subtictal zone. 

Mean biomass and density was highest in the littoral zone (Figure 5.1). However, both 
mean density as mean biomass were very low, and the contribution of C. arenarium tototal 
macrobenthic biomass and density was therefore very low. The geographical distribution of C. 
arenarium in the Schelde estuary is shown in Figure 5.2. 

Table 5.1. Occu1-rence (presence/absence) ofC. arenarium along the salinity al!d depth gradients ofthe Schelde 
estuary. N = number of obselïlations ( salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

2 3 4 

Littoral 24,0 % (n=262) 16,3 % (n= 503} 19,4 % (n=485) 1 ,4 % (n= 287) 
Undeep subtidal 0,7 %'n=151) 2,0 % (n=153) 0,8 % (n=127) 2,0% (n=51) 
Deep subtidal 0,0 % (n=123} 0,0 % (n=130} 0,9 % (n=112) 1,5% (n=67} 
Channel 0,0 % (n=186) 0,0 % (n=173} 1 ,3 % (n=232} 0,0% (n=70) 

I ;.: ill: -----l 1--- --'--l]· 
Cl 0.02 ·---i f---..:.~~--'---l-

o~· ~--~~--~~~--~--~1 
2 3 4 2 3 4 

area area 

:Jiittoral o undeep subtidal odeep subtidal ochannel o littoral e undeep subtidal odeep subtidal ochannel 

Figure 5.1. Mean density (ind m"2) and biomass (g AFDW m-2) ofC. arenarium along the salinity and 
depth gradient in the Schelde estuary (are as: 1 &2: polyhaline ,· 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
C. arenarium was equally present in spring and autumn (Table 5.2). Density was in 

general higher in autumn as compared to spring, with exception of salinity region 2 where a 
slightly higher density was observed in spring. The ratio density:biomass indicated larger 
individuals found in spring, and most probably more new recruits, being much smaller, in 
summer. 

Table 5.2. Spring (Mar- May) versus autumn (Aug- Oct) occurrence (presence/absence), density (ind 
m"2) and biomass (g AFDW m·2) ofthe Cocklein the littoral zone ofthe Schelde estuary (salinity 
regions: 1 &2: polyhaline zone; 3&4: mesohaline zone). 

LITTORAL 1 2 3 4 

Presence Spring 22,7 % (n=97) 18,3% (n= 169) 17,0% (n=147) 0,0% (n= 33) 
Autumn 24,4% (n=135) 15,6 % (n=218) 21 ,7% (n=249) 0,9% (n= 214) 

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

Biomass Spring 0,065 0,049 0,066 0,0 
Autumn 0,089 0,020 0,030 0,0001 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPIANATORY) VARIABLE 

Alogistic regressionmodel 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 w~ 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 decreasein chance of occurrence from the polyhaline zone 
towards the meoshaline zone. 

Corophium Term Regression Standard error Q10 

arenarium coefficient 

present: 190 
absent: 2922 

lntercept -3,3022 0,2203 
Temporal salinity 0,0296 0,0104 
Temporal salinityrz 
Concordance 53,90% 

lntercept -6,3350 0,8704 
Model salinity 0,3200 0,0849 10 15 2> 25 3) 

Model salinityrz -0,00654 0,00199 salirity 

Concordance 50,20% 

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

typically observed in the intertirlal zone (see Table 5.1), a steep decreasing (sigmoidal) 
response was observed with increasing depth. 
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Maximum ebb and flood current veloeities (m.s-1
) 

Only the quadratic term of maximum ebb current velocity was included in the model, 
whereas both the Iinear 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

. Basedon the maximum ebb current 
velocity, a sigmoidal decreasein response was observed with increasing current velocities. 

Corophium Term Regression Standard error (),25 
- rT'81<eb 

arenarium coefficient ·-- rT'81<ftaxl 

Q3l 

present: 178 
absent: 2859 0.15 

lntercept -1,3746 0,1164 /------- ··. 
Maxeb 

Q. -, 
0.10 ,. 

····· .... Maxeb2 -5,1007 0,5257 
Conoordance 79,20% 

·· .. 
~ 

··, 
..... 

lntercept -2,2320 0,2760 ~ 
Maxfl 3,4138 1,4656 0.00 

0.0 0.1 o.2 C),3 0,4 o.s (),& 0.7 o.a o.s lP 1.1 
Maxfl2 -7,6230 1,6942 anert wlocily{lll's) 
Conoordance 76,50% 

Sediment characteristics: median grainsize Cum) 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, showinga unimorlal response curve for median grain size 
with an optimum at± 160 /liD. This is clearly in between the preferenee of C. volutator and 
Bathyporeia sps., which prefer more muddy and more sandy sediments respectively. 

Corophium Term Regression Standard error 0.15 
......... rn.d anst {< 63JATI) 

arenarium coefficient -..-(18iniZ8~ 

present: 78 0.10 

absent: 1424 
intercept -8,9815 1,3626 

Q. 

median 0,0892 0,0177 
median2 -0,00029 0,000056 ~ 

conoordance 73,60% 
present: 74 
absent: 1312 

.... 

intercept -2,5604 0,1468 0.00 
0 S) 100 15) 3X) 2b "" mud -0,0210 0,00728 sedrnrt daa::tetlsöc$ 

mud2 
conoordance 4980% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

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

Since sediment characteristics were only available fora 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 linearas 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), depthand model salinity actding 
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 log is tic regression model, withoutand with sediment 
characteristics included, respectively. 

Corophium Term Regression Standard Term Regression Standard 
arensrium coefficient error coefficient error 

Without sediment with sediment 
Presence: 144 Presence: 68 
absence: 2683 Absence: 1225 

lntercept -6,3340 1,0144 lntercept -5,5340 2,0134 
Model salinity 0,5422 0,1058 Temporal salinity 0,0799 0,0251 

Model salinity2 -0,0108 0,00253 Depth -0,6590 0,1327 
Depth -0,7501 0,0992 Deptf12 0,0190 0,00559 

Depth2 0,0122 0,00221 Median 0,0564 0,0230 
Maxeb -1,6721 0,6448 Median2 -0,00019 0,000067 

Mud -0,0571 0,0185 

Concordance 87,3% concordance 85,1% 

Percent co"ect predictions 

The logistic regression model, without or with sediment characteristics, included, 
prediets overall93% ofthe responses correctly (Table 5.4). However, only 33,3% ofthe 
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. Comparative staristics on the prediered and observed oecurrenee ofCorophium arenarium 
in the Schelde estuary basedon the regression models without and with sediment eharaeteristies 
included, respeetively. (Po = Present observed; Ao =Absent observed; Pm = Present predieted by 
the model; Am= Absent prediered by the model). 

Corophium arenarium 
(p=O~) 
(without sediment characteristics) 

Response Model o/o 
Observed Pm Am Total correct 

Po 48 96 144 33,3 
Ao 96 2587 2683 96,0 

Total 144 2683 2827 93,1 

0,298 Ditterenee between proportions I 
95% Cl -1 ,000 to 0,362 ( normal approximation) 

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

Corophium arenarium 
(p=0,23) 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po H 51 68 
Ao 51 1293 1344 

Total 68 1344 1412 

0,212 

o/o 
correct 

25,0 
96,0 
92,8 

Ditterenee between proportions I 
95% Cl -1,000 to 0,299 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROFILE OF COROPIITUM VOLUTATOR 

INTRODUCTION 

Corophium valutator was the most important Corophium species observed in the 
Schelde estuary and it was by far the most abundant species in the intertidal, f3-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. valutator was less dominant, but was still 
the third important species (15%) in termsof density. 

AUTO·ECOLOGY 

COROPH/UM VOLUTATOR (PALlAS, 1766) I Arthroooda Amnhinoda Coroohiidae 
General 

C. valutator is a bentbic amphipod, widely distributed in the shallow coastal areas of the North Temperate 
Zone. This euryhaline species inhabits U-shaped burrows in estuarine sediments and Jives up to six cm deep, mainly 
in muddy or muddy-sandy sediments. As an important component in the estuarine food web, C. valutator 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. valutator tolerates a minimal salinity of about 2, showing experimentally a maximal growth 

rate in salinities 5-30 and a salinity preferenee range of 10-30 (MCLUSKY, 1967; 1968a,b; 1970), with a clear 
influence of temperature on the salinity toleranee (MILLS & FISH, 1980). Below a salinity of 5 C. valutator is 
scarce in the field, and breeding occurred only in salinities greater than 7.5 (McLUSKY, 1968a). 

Sediment type: The preferred substratum of C. valutator is noted as mud (SEGERSTRALE, 1940), soft 
bottorn (THAMDRUP, 1935), finer soils (W ATKIN, 1941), with a 37-38% silt-clay content (GEE, 1961; MEADOWS, 
1964a,b,c). C. valutator is relatively resistent to anaerobic conditions (GAMBLE, 1970). 

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

also occur, feeding mainly on bacteria and epipelic diatorns. 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 (MEADOWS & REID, 1966). For more detailed studies on the food selection by C. valutator see FENCHEL et 
al. (1975), NIELSEN & KOFOED (1982), Mnl.ER (1984), MURDOCH et al. (1986), GERDOL & HUGI:fES (1994a), and 
SMrm et al. (1996). 

Population dynamics and life history 
In genera!, C. valutator is observed in low densities and biomasses in winter and spring, foliowed by a rapid 

increase in the summer period. Later in the year, densities and biomasses drop again toa 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. valutator was absent. PEER et aL (1986) found in the Bay of Fundy (Canada) maximum overwintering 
densities of 3500 ind.m·2• However, in some stations C. valutator 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 varlation 
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 & TANAKA (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 sununer, peak densities of 25000-
30000 ind.m"'2 (MCLUSKY, 1968; OLAFSSON & PERSSON, 1986) up to 100000 ind.m"'2 (GERDOL & HUGHES, 1993) 
are observed, but mostly different (smaller) mesh sizes for sieving are used (often 0,5 mm). 
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C. valutator is generally believed to he bivoltine, , with a long-lived overwintering generation and a short
lived spring-summer generation (WATKIN, 1941; FISH & Mll...LS, 1979; GRAITO, 1979; MOllER & ROSENBERG, 
1982; PEER, 1986; MEIBNER & BICK, 1997), although some studies record one (McLusky, 1968a) to four (Muus, 
1967; OMORI & T ANAKA, 1984) generations per year. The overwintering generation breeds from May to June, 
which give rise toa subsequent summer-breeding generation which reproduces between the beginning of July and 
September. However, some studies record one to four generations per year. 

C. valutator bas, lilce all amphipods, no larval stage. Small amphipods batch from eggs retained in a ventral 
thoracicbrood pouch. Within the brood pouch four clearly defined stagescan be recognized (PEER et al., 1986). 
The newly batebed amphipods remained inthebrood pouch for 1-3 days according to Humrns (1988) and up to five 
days according to FISH & Mll...LS (1979), but are able to move in or out at will. FisH & Mll...LS (1979) estimated the 
time from copulation totherelease of young being ± 14 days, while PEER et al. (1986) recorded 19 days between the 
observation ofthe fust gravid females and the frrst young. Möll.ER & ROSENBERG (1982) gives a batehing time of± 
2 weeks for the fust generation. C. valutator is known to have a semi-lunar rhythm of release of young (FISH & 
Mn.Ls, 1979). Also PEER (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 (HUGiiES, 1988). Based on these short 
laboratory observations, HUGHES (1988) concluded that there was no direct evidence that juveniles swim or crawl 
from the parental burrow immediately after release from the brood pouch. 

Blotic interactloos 
JENSEN (1985) demonstrated that increasing densities of Cerastodenna edule negatively affected C. valutator 

densities by observing an increase in migration behaviour and a decrease in survival, growth and reproduetion of C. 
volutator. In a series of experiments, COMMITO (1982) and AMBROSE (1982, 1984a,b) showed that Nereis virens had 
a negative impact on C. valutator and they attributed this impact to predation. High densities of Nereis diversicolor 
reduce the density of C. volutator, mainly through the effect of 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 reemits of C. valutator was negatively affected by adult individuals of its 
own species, by C. arenarium, by Macoma balthica and by N. diversicolor (JENSEN, 1988; JENSEN & .KRisTENSEN, 
1990). However, in recolonizing experiments FI..ACH (1992) concluded that neither the presence of 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. valutator abundances already at 
relatively low densities. 

Population crashes of C. valutator are reported more than once. Parasite infestation is often mentioned as 
being the main cause fora suddenly dramatical decimation of the population in the surnmer period (MUUS, 1967; 
ÜLAFSSON & PERSSON, 1986; LAUCKNER, 1987; JENSEN & MOURITSEN, 1992; MEIBNER & BICK, 1997). Also 
predation by waders can cause a tempory decrease of the numbers of C. valutator (PEER 1986). RAfFAEW et al. 
(1991) observed a dramarlcal decline of C. valutator in the Ythan estuary throughout those parts of the estuary 
affected by macroalgal mats. Under a high biomass of weed, C. valutator disappeared almost completely. 

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

erosionlsedimentation processes (REISE, 1978; MEAoows et al., 1990; JENSEN & MOURITSEN, 1992). In the 
literature both stabilising as destabilising forces were ascribed for C. volutator. C. valutator may increase directly 
sediment stability by binding particles with the secretions used to construct their tubes or burrow walls 
(MEAoows & TAIT, 1989; MEAOOWS et al., 1990). Indirectly, by grazing upon the bentbic microalgae, species 
like C. valutator will negatively influence sediment stability (DABORN et al., 1993; GEROOL& HUGHES, 1994b). 

Pelagic occurrence 
C. valutator 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 & Mlll.S (1979) found that as the tide ebbs, adult rnales emerge 
from the sediment and crawl across the mud surface, probably searching for burrows occupied by adult, receptive 
females. 

C. valutator has been found in plankton samples, and the pelagic occurrence has been demonstrated both 
under laboratory conditions (HOI.MSTRÖM & MORGAN, 1979, 1983a,b,c) and in situ observations (HUGHES, 1980; 
EsSINK et al., 1989; HUGiiES & HORSFAIL, 1990). Swimming behaviour of C. volutator was demonstrated to have a 
rhythmicity with circadian, semi-lunar and seasonal components, but with geographical DIFFERENCES (HUGHES & 
HORSFAIL, 1990). 
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Figure 6.2. Geographical distribution mapsof Corophium valutator in the Schelde estuary with 
presence/absence data (top) and density (ind m'2) data (bottom). 

49 



Macrobenthos Schelde estuary 

ÛCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 

Corophium valutator showect a significant increase in occurrence from salinity region 1 
towarcts salinity region 4 (Table 6.1). In the ~-mesohaline zone (salinity region 4) the species 
occurrect in 82% of all sampling occasions, being the most frequently observect species here. 
In the subtictal zone, C. valutator was nearly absent, except for salinity region 4 were also 
subtictally this species occurrect. 

Mean ctensity anct biomass in the intertictal zone significantly increasect towarcts salinity 
region 4 (Figure 6.1). In the subtictal zone ctensity anct biomass were very low in all salinity 
regions. The geographical ctistribution of C. valutator in the Schelde estuary is shown in 
Figure 6.2. 

Table 6.I. Occurrence (pi a) of C. valutatoralong the salinity and depth gradients of the Schelde 
estuary. N = number of observations ( salinity regions: I &2: polyhaline zone; 3 &4: mesohaline zone). 

Littoral 
Undeep subtidal 
Deep subtidal 
Channel 

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

2 3 

area 

4 

2 

13,3 % (n= 503) 
3,3 % (n=153) 
2,3 % (n=130) 
0,0 % (n=173) 

3 

39,4 % (n=485) 
2,4% (n=127) 
2,7% (n=112) 
1,7% (n=232) 

4 

82,2 % (n= 287) 
13,7% (n=51) 
17,9% (n=67) 
25,7% (n=70) 

z 3000 +----- --=-=-==----"-=----::--.---1 
Ë :~~~ § 
·~ 2000 +-, - -,----- - --,-,,---

-ê 1000 ~·-----1 

0+-------~~~--~~----~L-~ 

1 2 3 4 
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o littoral [I undeep subtidal o deep subtidal o cl1annel glittoral CJUndeep SUbtidal Qdeep SUbtidal OChannel 

Figure 6.I. Mean density (ind n(2) and biomass (g AFDW m-2) ofC. valutatoralong the salinity and 
depth gradient in the Schelde estuary (are as: I &2: polyhaline ; 3 &4.- mesohaline). 

Seasonal variations: spring versus autumn occurrence 
C. valutator occunect 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 (March- May) versus autumn (Augustus- October) occurrence (presencelabsence), 
density (ind m-2) and biomass (g AFDW n(2) ofC. valutator in the littoral zone ofthe Schelde estuary 
(salinity regions: 1 &2: polyhaline zone; 3&4: mesohaline zone). 

LITTORAL 1 2 3 4 

Presence Spring 1,0% (n=97) 13,0% (n= 169) 27,9% (n=147) 60,6 % (n= 33) 
Autumn 13,3 % (n=135) 15,1 % (n=218) 38,2 % (n=249) 83,6% (n= 214) 

Density Spring 2 66 274 324 
Autumn 41 321 3143 4964 

Biomass Spring 0,0005 0,03 0,13 0,17 
Autumn 0,01 0,06 0,57 1,05 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed for each 
abiotic variabie seperately. Only at densities > 50 ind m"l or sampling occassions with more 
than one individual found, C. valutator was considered as being present. 

Model salinity and temporal salinity 
Only the quadratic term was included in the 'tempora] salinity' model, whereas for 

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

Corophium Term Regression Standard error Q8 
-llrTp:Jäaalirity 

volutstor coetficient Q7 ·. · ······ ··~álty 

·. 
Q8 

·. 
Present: 462 
Absent: 2650 Q5 ·. 

lntercept -0,2788 0,0842 Q4 

Temporal salinity 
Q, 

Temporal salinity2 -0,00505 0,000308 
Q3 

Coneerdance 77,90% Q2 

0.1 .. .. 
lntercept 1,3865 0,1484 ············· 
Model salinity -0,1766 0,00898 QO 

Model salinity2 
10 15 3) 25 S) 35 

Coneerdance 8010% 
s;(riy 

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

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

Corophium Term Regression Standard error 
volutstor coetficient Q4 

present: 411 
absent: 2463 

lntercept 0,3489 0,1031 
Depth -0,6970 0,0434 
Depth2 O,û118 0,000973 
Coneerdance 87,00% 0,1 

0.0 
0 10 1li Zl 25 3) 

~ (mi'W'+2.5Tt 
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Maximum ebb and flood current veloeities 
Only the linear term was included in the maximum ebb current velocity model, 

whereas both the linearand 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 
veloeities and a gradual decreasing chance of occurrence with increasing current velocities. 

Corophium Term Regression Standard error 0.7 
- ll'll><eb 

volutstor coefficient o.a --·· ll'll><ftocd 

Present: 429 o.s \ 

absent: 2608 o.• 
lntercept 0,4807 0,1212 

Q. \ _ 

Maxeb -4,4698 0,2593 Q,3 

Maxeb2 ··· ... 

Coneerdance 79,30% o.2 ....... 

''"'-...:-......:::: ..... 
0.1 

lntercept 0.5384 0,1554 
_,_ 

Maxfl -6,0559 0,6976 OIJ 

Maxfl2 1,8435 0,6076 
OIJ 0.1 o.2 Q,3 0.4 o.s o.a 0.7 o.a Q,9 1,0 1,1 

Coneerdance 80,70% 
curerr \lllloàly (m's) 

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 p..m for median grain size), and an unirnadal response curve 
for mud content, with an optimum at 55%, but with a relatively broad tolerance. 

Corophium Term Regression Standard error 0.7 ......... rrud CXlltlrt !%<641611) 

voluator coefficient 
0.6 

-rnecjan~(/A'n) 

Present: 344 o.s 

absent: 1158 
lntercept 0,5151 0,1109 
Median 
median2 -0,00008 5,642E-6 
Coneerdance 83,0% o.2 

present: 341 0.1 

absent: 1 045 
lntercept -2,6872 0,1407 OIJ 

0 S) 100 15) Zll 2S) 

Mud 0,1171 0,0102 sedm!rt clwa:t8rislics 
mud2 -0,00109 0,000137 
Coneerdance 79,90% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

BINARY WGISTIC REGRESSION MODEL 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available fora 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 for the binary multiple log is tic regression model, withoutand with sediment 
characteristics included, respectively. 

Corophium Tenn Regression Standard Tenn Regression Stand a rei 
volutstor coefficient error coefficient error 

without sediment with sediment 
Presence: 394 presence: 313 

Absence: 2433 absence: 1089 

lntercept 6,6438 0,6181 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 ·O,Q111 0,6413 

Coneerdance 92,5% coneerdance 92,7% 

PERCENT CORRECT PREDICTIONS 

The logistic regression model, without sediment characteristics, included, prediets 
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 stalistics on the predicted and observed occurrence of 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 predieled by the model; Am =Absent predicted by the model). 

Corophium valutator (p=0,33) 
(without sediment characteristics) 

Response Model % 
Observed Pm Am Total correct 

Po 255 139 394 64,7 
Ao 139 2294 2433 94,3 

Total 394 2433 2827 90,2 

0,590 Ditterenee between proportions I 
95%CI -1,000 to 0,630 (normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Corophium valutator (p=O, 15) 
(with sediment characteristics) 

Model 
Pm Am Total 

235 78 313 
78 1011 1089 

313 1089 1402 

0,452 

% 
correct 

75,1 
92,8 
88,9 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,500 ( normal approximation) 

1-tailed pI <0.0001 (exact) 
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ECOPROFILE OF ETEONE LONGA 

INTRODUCTION 

Eteone longais a regularly observed species in the intertidal, polyhaline and a
mesohaline zone of the Schelde estuary. Density and biomass are low and the contri bution of 

E. longa to the overall macrobentbic density and biomass of the estuary is small. 

AUTO-ECOLOGY 

ETEONE LONGA I Annelida Polvchaeta 

General 
Eteone longa is a North-Atlantic species that also is aften observed in estuaries. lts vertical distribution goes 

from the eulittoral up to a depth of 1700 m. 

Habitat preferences 
Salinity: E. longa is a North-Atlantic species which penetrates the estuaries until about 10 g Cr/I at high 

tide dwing average river discharge, where it has to withstand periods of Iower salinity during high river discharge 
(WOLFF, 1973). Muus (1967) also observed its main distribution in shallow water in salinities over 10 g Crtl. 

Sediment type: According to most authors E. longais observed in all kinds of sediments (SCHMIDT, 1951, 
Muus, 1967, REINECK et al., 1968, ... ). In the Delta area E. longa prefers fine and muddy, less well sorted sand 
(WOLFF, 1973). 

Feeding 
E. longais a predator, crawling on or just beneath thesediment surface (RASMUSSEN, 1973), looking for 

prey. E. longa predates on different species of Annelida. Known preys are Spio filicornis and Scolelepis 
squamata (BEHRENDS & MICHAELIS, 1977). 

Population dynamics and life history 
Shortly befare spawning, E. longa perfarms a swimming behaviour at night and during high tide 

(HAMMOND, 1966). The pelagic spawning occurs from March to May (HARTMANN-SCHRÖDER, 1971) and is 
induced by sudden increases in temperature (RASMUSSEN, 1956). The pelagic, larval phase is very short 
(THORSON, 1946). 
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Figure 7.2. Geographical distribution mapsof Eteone longa in the Schelde estuary with 
presencelabsence data (top) and density (ind m-2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 

E. longa occurred most in the intertictal zone of salinity region 1, being present in half of 
the sampl ing occassions (Table 7.1). In salinity region 2 and 3 this occurrence decreased toa 
40%, and in the t3-mesohaline zone (salinity region 4) the species was nearly absent. In the 
subtidal E. longa was only observed irregularly. 

Mean biomass and density of E. longa foliowed the same trend as the pattem of 
occurrence, with highest values in salinity region 1 (Figure 7.1). However, values were in 
generallewand the contribution of E. longa to the overall density and biomass is therefore 
small. The geographical distribution of E. longa in the Schelde estuary is shown in Figure 7.2. 

Table 7.1. Occurrence (pi a) of E. long a along the salinity and depth gradients of the Schelde estuary. 
N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

2 

Littoral 52,3 % (n=262) 37,2% (n= 503) 
Undeep subtidal 6,0% 'n=151) 5,9 % (n=153) 
Deep subtidal 4,9 % (n=123) 6,2 % (n=130) 
Channel 3,8 % (n=186} 2,9 % (n=173} 
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0 ~'~--~D~--~.I~l~=~----4 
2 3 4 

area 

3 4 

37,3% (n=485) 4,5 % (n= 287) 
6,3 % (n=127) 2,0% (n=51) 
8,0 % (n=112) 4,5 % (n=67) 

16,8% (n=232) 2,9% (n=70} 

2 3 4 

area 

olittorat oundeep subtidal odeep subtidal :JChannel ! o littorat fi] Undeep subtidal odeep subtidat ochannel 

Figure 7.1. Mean density (ind nz'2) and biomass (g AFDW m·2} of E. longa along the salinity and depth 
gradient in the Schelde estuary (are as: 1 &2: polyhaline zone; 3&4: mesahafine zone). 

Seasonal variations: Spring versus autumn occurrence 
E. longa occurred more in autumn samples as compared to spring samples, wi th a 10-20% 

higher occurrence (Table 7.2). This was reflected in the mean density, with a highest increase 
from spring to autumn in salinity region 3. However, mean biomass did notshow this trend, 
and especially in salinity region 1 higher biomass values were observed in spring. 

Table 7.2. Spring (March- May) versus autumn (Augustus- October) occurrence (presence/absence), 
density (ind m·2) and biomass (g AFDW m·2} of E. longa in the littoral zone ofthe Schelde estuary 
( salinity regions: 1 &2: polyhaline zone; 3 &4: mesohaline zone) 

LITTORAL 1 2 3 4 

Presence Spring 42,3 % (n=97) 32,0 % (n= 169) 21,1 % (n=147) 6,1% (n= 33) 
Autumn 61 ,5 % (n=135) 42,2% (n=218) 41 ,8 % (n=249) 5,1% (n= 214) 

Density Spring 138 51 14 6 
Autumn 269 117 175 3 

Biomass Spring 0,351 0,033 0,012 0,004 
Autumn 0,168 0,039 0,061 0,002 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) VARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-z 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 modelbasedon temporal salinity showed a somewhat higher 
probability of occurrence in the lower salinity region. 

Eteone Tenn Regression Standard error -~"'*ity 

Ion ga coefficient ········· rrod!j salirity 

Q15 

present: 359 
absent: 2753 

lntercept -4,4046 0,4486 Q1() : Q. 

Temporal salinity 0,2217 0,0482 : 
: 

Temporal salinity2 -0,00458 0,00123 
Concordance 56,80% Q(!; 

: 

lntercept -7,5659 0,7858 
.. 

-···· 
Model salinity 0,4934 0,0742 0(1) 

0 10 15 3) 2S 3) 

Model salinity2 -0,0102 0,00170 sairity 
Concordance 58!90% 

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

observed in the intertictal zone (see Table 7.1), a decreasing (sigmoidal) response was 
observed with increasing depth. 
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Maximum ebb and flood current veloeities 
Both the linear and quadratic terms were included in both current velocity models, 

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

Eteone Term Regression Standard error = - IT'IIXSl 

longa coefficient -·-IT'IIXIIood 
Q2! 

present: 347 (),3) \\ absent: 2690 
lntercept -2,2338 0,3016 \ 

0.15 
\ 

Maxeb 7,6833 1,4740 
Q. 

\\. 
Maxeb2 -12,4701 1,6913 0,10 \ 

\ 
Concordance 77,00% 

CIOS 

lntercept -2,1425 0,2328 ···,~-

Maxfl 6,7511 1,1868 o.a> 

Maxfl2 -10,6249 1,3347 
0,0 0,1 ~ Q,3 Q,4 o,s o,s 0,7 o,s Q,SI lP 1,1 

Concordance 78,70% 
<li'I'B1 \1lkxily (mS) 

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 unirnadal 
response curve for median grain size with an optimum around 125 p.m, but with a similar 
toleranee in the range 75-175 f.Lm. In finerand coarser sediments, the chance of occurrence of 
E. long a is very low. 

Eteone Term Regression Standard error Q2! ......... nul cxnort (< 63~ 

lon2a coefficient --gán!tze~ 

present: 221 (),3) 

absent: 1281 
intercept -3,0924 0,3747 
median 0,0319 0,00570 

Q. 

median2 -0,00013 0,00002 0.10 

concordance 69,2% 
present: 213 
absent: 1173 

CIOS 

intercept -1,7060 0,0745 
mud o.a> 

9:) 1(1) 1!1) liD ;IS) :m 
mud2 sedllBt c:hnDerlstics 

concordance 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

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

Since sediment characteristics were only available fora limited set of data, the analysis was 
run seperately withand 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 for the binary multiple log is tic regression model, without and with sediment 
characteristics included, respectively. 

Eteone Term Regression Standard Term Regression Standard 
Ion ga coefficient error coefficient error 

without sediment with sediment 
presence: 301 presence: 197 
absence:2526 absence: 1205 

lntercept -7,4407 0,8847 lntercept -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, withoutor with sediment characteristics, included, 
prediets overall 87,5 % of the responses correctly (Table 7.4 ). Ho wever, 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. Comparative stalistics on the predicted and observed occurrence of Eteone longa in the 
Schelde estuary basedon the regression models withoutand with sediment characteristics included, 
respectively. (Po= Present observed; Ao =Absent observed; Pm =Present predieled by the model; 
Am= Absent predicted by the model). 

Response 
Observed 

Po 
Ao 

Total 

Eteone longa (p=0,334) 
(without sediment characteristics) 

Model 
Pm Am Total 

125 176 301 
176 2350 2526 
301 2526 2827 

0,346 

% 
correct 

41,5 
93 

87,5 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,393 ( normal approximation) 

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

Eteone longa (p=0,38} 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po 81 116 197 
Ao 116 1008 1124 

Total 197 1124 1321 

0,308 

% 
correct 

41,1 
89,7 
82,4 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,368 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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Ecoprofi/e Heteromastus fi/iformis 

ECOPROFILE OF HETEROMASTUS FIUFORMIS 

INTRODUCTION 

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

AUTO-ECOLOGY 

HETEROMASTUS FIUFORMIS I Annelida Polvchaeta 
General 

Heteromastus fi/iformis is known as a cosmopolitic and opportunistic species, often very dominant in marine 
benthic communities (ROSENBERG, 1972; BOESH et al., 1976; SHAFFER, 1983). The species is observed from the 
eulittoral up to 1000 m (HARTMAN & FAUCHAW, 1971), but with a clear preferenee for the intertirlal zone. In the 
eighties H.fi/iformis 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; BEUKEMA, 1989). Therefore, H. filiformis is often 
considered as an indicator for organic pollution. 

Habitat preferences 
Sa/inity: H. filiformis is able to withstand low salinities. The limit of its occurrence is about the isohaline 

of 3 g Crll at high tide during average river discharge (WOLFF, 1973), but it becomes rareralready beyond the 
isohaline of 10 g Clïl under similar conditions (WOLFF, 1973). Muus (1967) also observed the species less 
frequently at salinities below 10 g Crtl. 

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 eertaio depth beneath thesediment surface and the faeces are 
deposited at the sediment surface (CADÉE, 1979). H. filiformis is a wel! known prey of Nephtys hombergii 
(BEUKEMA, 1987). 

Popu/ation 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 intheir first year of life (SHAFFER, 1983). 
The other half only reproduce in spring of their second year of life. H. filiformis reproduces only once and dies 
most of the time shortly after spawning (B UCHANAN & W ARWICK, 197 4 ). 
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HETEROMASTUS nui- L/I<:lVIIu 

occurrence 

spresence ( 1801) 
· absence (1311) 

HETEROMASTUS F/UFORMIS 
biomoss (g AFDW/mZ) 

~~ 
@ 6 

Figure 8.2. Geographical distribution mapsof Heterornastusfiliformis in the Schelde estuary with 
presence/absence data (top ) and biomass (g AFDW m·2) data (bottom). 
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Ecoprofile Heteromastus filiformis 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 

H. filiformis was the most observed species in the Schelde estuary, being commonly 
present in all salinity regions and all depth strata (Table 8.1). The highest frequencies of 
occurrence are observed in the intertictal zones of all salinity regions. 

Mean biomass and mean density were significantly higher in the intertictal zone (Figure 
8.1), contributing substantially to both the overall macrobentbic density and biomass in the 
intertictal zone of all salinity regions. The geographical distri bution of H. filiformis in the 
Schelde estuary is shown in Figure 8.2. 

Table 8.1. Occurrence (pla) of H..filifonnis along the salinity and depth gradients ofthe Schelde 
estuary. N = number of obsen,ations (salinity regions: 1 &2: polyhaline zone; 3 &4: mesahafine zone). 

Littoral 
Undeep subtidal 
Deep subtidal 
Channel 

2 

67,2% (n=262) 
29,8% 'n=151) 
17,1% (n=123) 
20,4 % (n=186) 

3 

area 

4 

2 

86,5 % (n= 503) 
39,2 % (n=153) 
44,6 % (n=130) 
43,4 % (n=173) 

3 

75,9 % (n=485) 
53,5% (n=127) 
56,3 % (n=112) 
46,6 % (n=232) 

2 

area 

4 

68,3% (n= 287) 
37,3% (n=51) 
55,2 % (n=67) 
48,6% (n=70) 

3 4 

o littoral fl undeep subtidal o deep subtidal o channel mlittoral e undeep subtidal odeep subtidal o~ 

Figure 8.1. Mean density (ind m·2) an.d biomass (g AFDW m·2) of H. .filiformis alon.g the salin.ity an.d 
depth gradien.t in the Schelde estuary (are as: 1 &2: polyhalin.e ; 3 &4: mesohaline). 

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

and 2) and the a-mesohaline zone (salinity region 3) (Table 8.2). In the ~-mesohaline zone the 
species was less frequently observed in spring, probably due to the lower salinity conditions 
during this peliod. Both density and biomass were much higher in autumn as compared to 
spring. 

Table 8.2. Spring (March - May) versus autumn. (Augustus- October) occurrence (pla), density (in.d 
m-2) and biomass (g AFDW m-2) of H..filiformis in the littoral zone ofthe Schelde estuary (salinity 
regions: 1 &2: polyhaline zone; 3&4: mesohaline zone). 

LITTORAL 1 2 3 4 

Presence Spring 65,0 % (n=97) 84,0 % (n= 169) 69,4% (n=147) 33,3 % (n= 33) 
Autumn 66,7% (n=135) 83,0 % (n=218) 75,9 % (n=249) 79,0% (n= 214) 

Density Spring 985 2957 1448 253 
Autumn 2462 7177 3183 2066 

Biomass Spring 1 ,81 3,06 0,83 0,41 
Autumn 4,02 5,37 2,85 1,60 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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 w~ considered as being present. 

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

in unimodal response curves for H. filiformis, 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 basedon 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). 

Hetsromastus Term Regression Standard error 0.8:> 
-lll'r'fallj!lllirity 

filiform is coefficient 055 
···············-.:::::::::~Mirity 

O!i) 

ll45 
Present: 1333 Q.C) 

absent: 1779 ·. 
0.$ 

lntercept -0,8323 0,1935 
·. 

o.3) .· 
Temporal salinity 0,1310 0,0237 

Q. 

Cl.25 

Temporal salinity2 -0,00476 0,000665 02) 

Coneerdance 59,20% : 
ll15 

""' 
lntercept -2,4277 0,2879 o.as 

Model salinity 0,2869 0,0317 Q.CD 

0 10 15 3) 25 Sl 
Model salinity2 -0,00799 0,00081 s8irity 
Coneerdance 59120% 

Depth 
Both the linearand 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 intertictal zone, but also in the subtictal zone 
the species could be observed, although less frequently. 

Heteromastus Term Regression Standard error (lil) 

filiform is coefficient 
0.75 

Present: 1190 (155 

absent: 1684 O!i) 

0.45 
lntercept 1,1226 0,0781 o.: Depth -0,3303 0,0183 
depth2 0,00811 0,000698 

O!i) 

Cl.25 
Coneerdance 75,30% 02) 

0.15 
0.10 
o.as 
0.00 

10 15 3) 25 Sl 

dePh (m !lW' + 2,5 rrt 
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Maximum ebb and flood current veloeities (m.s-1
) 

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 decreasein chance of 
occurrence. with increasing current velocities. but with a broad toleranee 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 0.75 

0.10 - rTB<Itl 

filiform is coefficient ().1115 --rTB< lkXxl 

o.eo 

Present: 1293 
Q.55 ··· ... o.eo ...... :-. .. 

absent: 17 44 a. .os .. 
lntercept 0,9316 0,0645 O.Cl ··, 

Q.(),:JS 

Maxeb o.eo 
Maxeb2 -2,7518 0,1299 (125 

... \ .. 
·· ...... 

Coneerdance 75,40% ll,3l '·, 
0.15 

0.10 

lntercept 0,8926 0,0611 Ql:6 

Maxfl (),IX) 

0.0 0.1 02 (),3 a.< o.s Qll 0.7 Qll (1,11 1.0 1.1 
Maxfl2 -2,4952 0,1122 W'lll"i lllllodty (m's) 
Coneerdance 76,80% 

Sediment characteristics: median grainsize Cum) 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 p..m 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 ······· ··nul ()()"Bt (< 64JITO 
filiform is coefficient - rnóalaaráze(JITO 

present: 7n 
absent: 725 

intercept 1,6892 0,1366 
median -0,00984 0,000765 
median2 
coneerdance 71,40% 

present: 7 44 
0.15 

absent: 642 0.10 

intercept -0,6586 0,0877 Ql:6 

mud 0,0919 0,00917 
(),IX) 

50 1(1) 150 3D 2ll :m 
mud2 -0,00104 0,000129 ll6dmrt cllia:Eri:sli;;s 

coneerdance 7090% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary Iogistic 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 withand 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, withoutand with sediment 
characteristics included, rese.ectively_. 

Heteromastus Term Regression Standard Term Regressio Standard 
filiform is coefficient error n error 

coefficient 

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

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

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

Model salinity2 -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, prediets 

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 roodels 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 stafistics on the prediered and observed oecurrenee of H. filiformis in 
the Schelde estuary basedon the regression models without and with sediment characteristies 
included, respectively. (Po= Present observed; Ao =Absent observed; Pm =Present 
predicted by the model; Am =Absent prediered by the model). 

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions I 
95%CI 

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

Heteromastus fiJitormis (p=0,505) 
(without sediment characteristics) 

Model % 
Pm Am Total correct 

814 350 1164 69,9 
350 1313 1663 80 

1164 1663 2827 75,2 

0,489 
-1 ,000 to 0,516 (normal approximation) 

<0.0001 (exact) 

Heteromastus fiJitormis (p=0,56) 
(with sediment characteristics) 

Response Model 
Observed Pm Am 

Po 566 120 
Ao 120 487 

Total 686 607 

Ditterenee between proportions I 0,627 
95%CI -1,000 to 0,663 

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

73 

% 
Total correct 

686 82,5 
607 80,2 

1293 81,4 

(normal approximation) 
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ECOPROFILE OF HYDROBIA UL V AE 

INTRODUCTION 
Hydrobia ulvae is the most common observed gastropod on soft sediments in the 

Schelde es~uary. Locally this species can reach very high densities, and in salinity region 2 H. 
ulvae makes up about 10% of the total intertictal density. Biomass values were low and 
therefore the contribution to the overall macrobentbic biomass in the Schelde estuary is small. 

AUTO·ECOLOGY 

HYDROBIA ULVAE (Pennant, 1777) J Mollusca Gastroooda 
General 

The prosabraneb Hydrobia ulvae is a widely distributed inhabitant of the interticlal zone of lagoons and estuaries 
throughout Europe and other geographical regions (GRAHAM, 1988). H. ulvae often demonstrates a typically cyclic 
behaviour of crawling, digging in, and floating (by means of a mucous raft). NEWEIL (1962) interpreted this 
behaviour as a way of exploiting food just under the sediment surface, whereas SCHÄFER (1972) and BARNES 
(1981c) rather interpreted this behaviour as a proteetion against desiccation and predation. Many authors interpret 
the floating behaviour as a mechanism for active dispersion (NEWELL, 1962; ANDERSON, 1971; LEVENTION, 1979). 
BARNES (1981a,b,c) AND LrriLE & NIX (1970) could not abserve any cyclic floating behaviour. According to 
BARNES (198lc) only a very smal! part of 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 of H. ulvae then the floating behaviour (SIEGISMUND & HYU.EBERG, 1987). LAPPALAJNEN (1979) 
ascribed a decreasein H. ulvae in an undeep area of the Baltic Sea to a change (increase) in water movements in the 
area. 

Habitat preferences 
Salinity: H. ulvae is a marine species penetrating into the brackish part of the estuaries until a salinity of 10 g 

Crtl at high tide during average river discharge or about 3 g Crll during high river discharges (WOLFF, 1973). 
NEWELL (1964) observed experimentally a salinity of about 3,5 g Crtl as the lower limit of the physiological 
toleranee of H. ulvae. In the Baltic Sea Muus (1967) observed a lower salinity toleranee of 5-6 g Crtl. Towards 
the North Sea, however, H. ulvae most probably is Iirnited 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 aften observed in fine 
(BARNES & GREENWOOD, 1978) or muddy sediments (NEWELL, 1962; CHATFIELD, 1972; WOLFF, 1973). H. 
ulvae is also aften observed in hughe densities in seagrass meadows and saltmarshes. 

Feeding 
H. ulvae is bath a deposit feeder (FENCHEL & KOFOED, 1971) as a grazer (LoPFZ & KOFOED, 1980), which 

mainly feeds on bentbic diatoros and to a certain extent also on bacteria (NEWELL, 1965; HYLLEBERG & Rus
VESTERGAARD, 1984 ). H. ulvae grazes on the sediment surface by means of its proboscis. 

Popultztion dynamics and life history 
Reproduetion occurs, Iike with all prosabraneb Mollusca, through copulation after which the fertilised eggs 

are deposited by the female on the shells of the own species, but also on dead shells, sand grains and green 
macroalgae (ANDERSON, 1971; FISH & FlsH, 1974; BACHELET & YACINE-KAsSAB, 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 (HYLLEBERG, 1986). However, the nature of the larvae, that may be 
non-planktotrophic, planktonic and lecithotrophic, or planktotrophic (Barnes, 1988) and the Iife in the plankton, 
that could last from only some hours or some days (THORSON, 1946; PILKINGTON, 1971) to several weeks (Fish 
& Fish, 1977), are especially contraversiaL Once settled, they can be transported again through passive migration 
(e.g. currents, waves) toother areas (SIEGISMUND & HYLLEBERG, 1987). Other studies reveal that the lengthof 
larval Iife or the reproductive strategy of the species could be environrnentally induced (BARNES, 1988, 1990, 
1994). For more details on the population dynarnics of H. ulvae see e.g. BARNES (1988,1990,1994) and SOLA 
(1996). 

Parasite infestation is aften mentioned as being responsible for changes in the behaviour of H. ulvae 
{MINCHELLA, 1985; HUXHAM ET AL., 1995); teematodes may also infect the gonads and other glands, thus 
originating a special morphology and an abnormal increase in the size of the snail (MOURITSEN & lENSEN, 1994; 
HUXHAM ET AL, 1995; SOLA, 1996). This infestation may result in a dramatical decimation of the population in the 
swnmer period (lENSEN & MOURITSEN, 1992). 
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HYDROBIA UL 
occurrence 

opresence (783) 
·absence (2329) 

~ ~27.000 
~ 13.500 
G 2.700 J 

L__ __ _ 

Figure 9.2. Geographical distribution mapsof Hydrobia ulvae in the Schelde estuary with 
presence/absence data (top) and density (ind m·2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 

H. ulvae was commonly observed in the intertictal 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 intertictal density. Biomass values were low and 
therefore the contribution to the overall macrobenthic biomass in the Schelde estuary is smal!. 
The geographical distribution of H. ulvae in the Schelde estuary is shown in Figure 9.2. 

Table 9.1. Occurrence (pla) of H. ulvae along the salinity and depth gradients of the Schelde estuary. 
N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

Littoral 
undeep subtidal 
deep subtidal 
channel 

34,7% (n=262) 
2,0 % 'n=151) 
0,0% (n=123) 
0,5 % (n=186) 

2 

66,0 % (n= 503) 
4,6 % (n=153) 
4,6 % (n=130) 
4,1 % (n=173) 

0 5 ~--------.-----

llif In Th~--=0---. __ ___, 
2 3 4 

area 

3 

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

2 

4 

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

3 4 

area 

o littoral c undeep subtidal 0 deep subtidal 0 channel o littoral EJUndeep subtidal odeep subtidal ochannel 

Figure 9.1 Mean density (ind m'2) and biomass (g AFDW m'2) of Hydrobia ulvae along tlze salinity and depth 
gradient in the Schelde estuwy ( salinity regions: 1 &2: polyhaline zone; 3 &4: mesohaline zone). 

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

and 2) and the cx.-mesohaline zone (salinity region 3) (Table 9.2). In the ~-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 m'2) and biom.ass (g AFDW m'2) of Hydrobia ulvae in the littoral zone ofthe Schelde estuwy (salinity 
regions: 1 &2: polyhalin.e zone; 3&4: mesohaline zone). 

LITTORAL 1 2 3 4 

Presence Spring 34,0 % (n=97) 63,3 % (n= 169) 36,7% (n=147) 12,1 % (n= 33) 
Autumn 32,6 % (n=135) 60,1 % (n=218) 47,0 % (n=249) 36,0% (n= 214) 

Density Spring 235 1024 216 8 
Autumn 315 1832 375 45 

Biomass Spring 0,0993 0,3493 0,0539 0,0015 
Autumn 0,1453 0,6862 0,0845 0,0091 
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RESPONSE CURVES FORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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 w~ 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- 'tempora! salinity' and 'model salinity' 
respectively. The 'model salinity' model showed a more narrow toleranee 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 'tempora! 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 Term Regression Standard error O.«l 

ulvae coefficient Q35 

-llrrprà~ 

.•• . ·· 11'Cd!j "'*flV 

03) 

present: 603 
absent: 2509 025 

lntercept -3,5035 0,3146 Q. Cl3> 
Temporal salinity 0,2279 0,0366 
Temporal salinity2 -0,00785 0,000995 

0.15 

Concordance 58,70% 0.10 

lntercept -7,6278 0,6499 
0.05 

Model salinity 0,6499 0,0568 0.00 

Model salinity2 -0,0155 0,00136 
Concordance 6910% 

10 15 3) 25 3) 

sallrity 

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 preferenee of this species. 

Hydrobia Term Regression Standard error 
Q8 

ulvae coefficient 

present: 527 
absent: 2347 

lntercept 0,4673 0,0931 
Depth -0,5655 0,0345 
depth2 0,00868 0,00154 
Concordance 83,10% 

0.1 

0.0 
0 5 10 15 3) :15 3) 

d!ph (mN&P +2,5n1 
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Maximum ebb and flood current veloeities (m.s-1
) 

Both the linear and quadratic terms were included in both current velocity models, 
resulting in an unimorlal 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 toleranee was observed up to current veloeities 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 011> 
-fT'II(à) 

ulvae coefficient QA5 /----~. - fT'II(IIocd 

O.«l .. ·· . 

Present: 582 0.35 
....... 

··. 
\ 

Absent: 2455 ..... 

lntercept -1,4178 0,2391 
Maxeb 6,6523 1,1100 

.... \ 
Maxeb2 -10,9256 1,2036 

0.15 \ 

Concordance 77,40% \ 
0.10 ... 

lntercept -0,4466 0,1810 o,o5 

Maxfl 3,0057 0,9678 O.<Xl 

Maxfl2 -8,4305 1,1323 
0.0 0,1 Q,2 Q,3 o.• o.s 0.6 0,7 o.s 0.9 1,0 1,1 

Concordance 84,70% 
a.mrt~(m's) 

Sediment characteristics: median grainsize (gm) 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 unimorlal 
response curve with an optimum around 100 f..LID for median grain size. However, the response 
curve was rather broad and H. ulvae seemed rather tolerant conceming median grain size. 
Only in very coarse sediments, the chance of occurrence of H. ulvae was very low. 

Hydrobia Term Regression Standard error O.«l 
-IT'IÓal gaini2B (ln1 

ulvae coefficient Q,36 

present: 396 
1!,3) 

absent: 11 06 
lntercept -1,1361 0,2376 
Median 0,00952 0,00329 
median2 -0,00005 0,000011 
Concordance 63,70% 

present: 613 0. 

absent: 773 O.l!i 

lntercept -0,9163 0,0595 
Mud 0. 

0 5) 100 15) :m 2D 300 

mud2 secimrtdaa:tlläcs 
Concordance 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

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

Since sediment characteristics were only available fora 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 
termsof maximum flood (maxfl) and maximum ebb (maxeb) current veloeities (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 Zo gistic regression model, withoutand with sediment 
characteristics included, respectively. 

Hydrobia Term Regression Standard Term Regression Standard 
u/vae coefficient error coefficient error 

without sediment with sediment 
presence: 515 Presence: 370 
absence: 2312 Absence: 1032 

lntercept ·8,5258 0,6652 lntercept -8,9867 0,8517 
Temporal salinity 0,1491 0,0548 Temporal salinity 0,0411 0,0197 

Temporal salinity2 -0,00379 0,00170 Model salinity 0,9189 0,1003 
Model salinity 0,8541 0,0831 Model salinity2 -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, prediets 

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 of 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). 

Response 
Observed 

Po 
Ao 

Total 

Hydrobia ulvae (p=0,474) 
(without sediment characteristics} 

Model 
Pm Am Total 

349 165 514 
165 2147 2312 
514 2312 2826 

0,608 

% 
correct 

67,9 
92,9 
88,3 

Ditterenee between proportions I 
95%CI -1,000 to 0,643 (normal approximation} 

Fisher exact test: 1-tailed pI <0.0001 (exact} 
(observed by model: Po<Ao} 

Response 
Observed 

Po 
Ao 

Total 

Hydrobia ulvae (p=O,SO) 
(with sediment characteristics} 

Model 
Pm Am Total 

269 101 370 
101 931 1032 
370 1032 1402 

0,629 

% 
correct 

72,7 
90,2 
85,6 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,670 ( normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROFILE OF MACOMA BALTinCA 

INTRODUCTION 

Macoma balthica is the most common bivalve species in the Schelde estuary. It is very 
common in the intertirlal zone along the complete salinity gradient of the Schelde estuary. It 
contributes substantially to the overall macrobenthic biomass in the intertirlal zone of the 
Schelde estuary. 

AUTO-ECOLOGY 

MACOMA BALTH/CA (LINNEAUS, 1758 I Mollusca, Bi val va, 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 Northem Atlantic. It is a very common species along the coasts and 
estuaries of northem Europe and its distribution extends from the White Sea and other parts of northem Russia 
(BEUKEMA & MEEHAN, 1985) to the Gironde estuary (BACHELET, 1980) in SW France where the species reaches 
its southern limit of its geographical range. In North America the species is found from the Hudson Bay (GREEN, 
1973) in North America to as far south as Chesapeake and San Francisco Bays (NICHOLS & THOMPSON, 1982). 
The occurrence of M. balthica is normally limited to shallow coastal areas (up toabout 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 sipbon is long and can be extended above the surface (at low tide) where it moves round and round. The 
exhalant sipbon is much shorter and does not come out of the substrate (REISE, 1985). The sipbons keep on 
growing {READING & McGRORTY, 1978), which means that older animals willlive deeper thanjuveniles 
(V ASSALLO, 1977; ZWARTS & W ANINK, 1989). Depth distribution is seasonally determined (READING & 
MCGRORTY, 1978; ZWARTS & W ANINK, 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 of 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 toleranee (from full sea water to 

less 3 %o S) but shows reduced growth rates and thin shells at low salinities. In the estuaries of the Delta area it 
reaches the isohaline of2 g Clïl at high tide during normal river discharge {WOLFF, 1973). 

Sediment type: M. balthica inhabits all types of sandy sediments, but also shows a preferenee for the finer 
sediments with a median grain size of 150-225 p.m and 0,5-10% of mud {WOLFF, 1973). NEWEIL (1965) showed 
that large populations may occur in very fine sediments 
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Feeding 
M.balthica is in the frrst place a selective deposit feeder (Gn.BERT, 1977; REISE, 1983}, which is able to 

switch to filter feeding in sandy sediments (OLAFSSON, 1986; HUMMEL, 1985). When deposit feeding, also 
suspended algae can betaken up (HUMMEL, 1985; BEUKEMA & CADÉE, 1991; THOMPSON & NICHOLS, 1988). 
Also in the course of the year M. balthica is able to switch between feeding techniques. In spring and early 
summer, when phytoplankton bloorns 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; KAMERMANS, 1994). Food exists both of bentbic and planktonic 
microalgae, but also detritus with bacteria and protozoa (REISE, 1985). 

Population dynamics and life history 
Populations of M. balthica are characterised by a relatively low variability in time and space, compared 

toother estuarine species (BEUKEMA et al., 1983). This relative constancy is the result of a long life span, the 
large toleranee towards different environrnental variables, and the use of different feeding mechanisms 
(MCLUSKY & ELLIOT, 1981). It also bas an opportunistic reproductive strategy (HARVEY & VINCENT, 1989). 

M. balthica is a gonochoristic species with comparable numbers of male and females. Duration, timing 
and number of spawning periods varies from year to year (Gn..BERT, 1978; BACHEI.EI', 1980, 1986; HARVEY & 
VINCENT, 1989) and differ from place to place (e.g. W ARWICK & PRICE, 1975; CHAMBERS & Mn..NE, 1975; 
BACHELET, 1980) and depends on water temperature and age (e.g. RONKOOP & VAN DER MEER, 1997). Main 
reproduetion period is situated in spring (March-May) when water temperature rise above 10 °C. In the more 
southem areas of its geographical range a second reproduetion period can occur in autumn. Macoma balthica has 
pelagic larvae (Jorgensen, 1946}, which settie down at a size of270-310 Jl.m (BACHELET, 1986). 

Settling takes place all over the intertirlal flats {BOYDEN & LriTLE, 1973; RATCLIFFE et al., 1981). By 
passive transport through tidal currents a redistribution takes place and the juveniles colonize mainly the areas 
high in the intertirlal zone and near the marsh edge (BEUKEMA, 1981, 1993; BEUKEMA & DE VLAS, 1989). 
However, primary settiement on the tidal flats seems to be variabie in space, and is also observed low in the 
intertirlal zone (GÜNTIIER, 1991, 1992; ARMONIES & HELLWIG-ARMONIES, 1992, ARMONIES, 1996). Probably 
nor tidal height, nor active selection can explain the primary settiement of M. balthica, but rather the local 
hydrodynamica] conditions will deterrnine this settlement, therefore consictering it as a passive process. During 
their first winter the juveniles actively migrate by thread-drifting to the lower parts of the intertirlal area and to 
the subtirlal 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 
& DE VLAS, 1989; GONTHER, 1991; ARMONIES, 1996). 

The start and length of the growing season depends on the geographical position. In northem areas 
growth start later and the duration is shorter. In The Netherlands animals start growing in spring with a duration 
of approximately four months (March-June) (ZWARTS, 1991). Year to year variations can be very high, 
depending e.g. on the presence of diatoms (BEUKEMA & CADÉE, 1991). Experimentally it was noticed that 
growth of M. balthica is (intraspecific) density dependent (BREY, 1991) and the effect seems more pronounced 
with deposit-feeding animalsthen with suspension-feeding animals {SKn..LETER & PETERSON, 1994; PETERSON & 
SKn..LETER, 1994). This density dependent growth is also observed in field studies, basedon the growth ofthe 
year-rings (VINCENT et al., 1994). Production estimates are given by e.g. ANKAR (1980), BERGH (1974) and 
CRANFORD 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 epibentbic species like shrimps and crabs. Bentbic organisms such 
as Retusa obtusa and Nereis diversicolor are important predators of young Macoma balthica (RATCLIFFE et al., 
1981). 

Settling of M. balthica larvae can be hampered by the activity of sediment reworking invertebrates, such 
as Arenicola marina {FLACH, 1992). 
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Figure 10.2. Geographical distribution mapsof Macoma balthica in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW m'2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 

M. balthica was a very common species in the intertictal zone of all salinity regions with a 
frequency of occurrence between 67 and 76 % (Table 10.1). Also in the subtictal zone M. 
balthica was observed, with a frequency of occurrence between 7,5 and 18 %. 

Mean biomass was significantly higher in the polyhaline zone as compared to the 
mesohaline 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. 
Mean biomass and density in the subtictal zone were very low. The geographical distribution 
of M. balthica in the Schelde estuary is shown in Figure 10.2. 

Table 10.1. Occurrence (pi a) of M. balthica along the salinity and depth gradients of the Schelde 
estuary. N=numberofobservations (salinity regions: 1&2: polyhaline; 3&4: mesohaline). 

Littoral 
undeep subtidal 
deep subtidal 
Channel 

2 

66,8 % (n=262) 
16,6% 'n=151) 
8,9 % (n=123) 
8,6 % (n=186) 

3 

area 

4 

2 

69,6 % (n= 503) 
13,1 % (n=153) 
10,8 % (n=130) 
7,5% (n=173) 

3 

69,9 % (n=485) 
14,2% (n=127) 
15,2% (n=112) 
17,6 % (n=232) 

2 

area 

4 

76,3 % (n= 287) 
15,7% (n=51) 
10,5 % (n=67) 
11,4% (n=70) 

3 4 

olittoral o undeep subtidal odeep subtidal o channel ' olittoral oundeep subtidal odeep subtidal o channel 

Figure 10.1. Mean density (ind m-2) and biomass (g AFDW m-2) ofM. balthica along the salinity and 
depth gradient in the Schelde estuary (areas: 1&2: polyhaline; 3&4: mesoh.aline). 

Seasonal variations : spring versus autumn occurrence 
The occurrence was slightly higher in autumn in the salinity regions 1 to 3, whereas in 

salinity region 4 M. balthica was much less observed in spling samples (Table 10.2). Mean 
density, and toa lesser extent also mean biomass, were much higher in autumn. 

Table 10.2. Spring (March - May) versus autumn (Augustus- October) occurrence 
( presencel absence), density (ind m-2} and biomass (g AFDW m'2) of t'v!. balthica in the littoral zone of 
the Schelde estuary ( salinity regions: I &2: polyhaline zone; 3 &4: mesohaline zone). 

LITTORAL 2 3 4 

Presence Spring 53,6 % (n=97) 64,5 % (n= 169) 64,6% (n=147) 48,5 % (n= 33) 
Autumn 72,6% (n=135) 71,1% (n=218) 68,3 % (n=249) 79,4% (n= 214) 

Density Spring 152 228 137 49 
Autumn 923 462 438 380 

Biomass Spring 1,65 2,84 1 '15 0,24 
Autumn 3,00 2,66 1 '1 0 0,43 
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RESPONSE CURVES FORA SINGLE ABIOTIC {EXPLANATORY) VARIABLE 

Alogistic regressionmodel 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 'tempora} salinity' and 'model salinity' were included 

in the models. M. balthica showed no clear response for salinity, indicating a very high 
toleranee for salinity (see also Table 10.1). 

Macoma Term Regression Standard error Q5 
-18TJXr.ll Ui"ily 

baltbics coefticient ········· rrall;j salrtty 

present: 973 
absent: 2139 03 

intercept -0,4171 0,0676 
Q. 

Temporal salinity Q2 

Temporal salinity2 -0,00096 0,000149 
Coneerdance 56,50% 

Q1 

lntercept -0,4889 0,0750 
Model salinity 0 0 

0 10 15 :0 25 33 

Model salinityz -0,00064 0,000141 IDirity 
Coneerdance 54,20% 

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). 

Macoma Term Regression Standard error ~ 

baltbics coefficient Ql 

present: 840 
absent: 2043 

intercept 1,6521 0,0963 
depth -0,6899 0,0307 
depth2 0,0115 0,000881 
coneerdance 88,60% 
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Maximum ebb and flood current veloeities (m.s-1
) 

Both the linearand quadratic terms were included in both current velocity models, 
resulting in an unirnadal response curve for both models with an optimum around 0,175-0,275 
m.s-1

• However, a relatively broad toleranee was observed up to current veloeities 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 0.7 
-IT'BXeb 

balthica coefficient ...... --~- -. ---IT'BXIIocxl 
Q,6 .. / '" ... 

····· •.. 

present: 936 o.s 

absent: 2101 0.4 

lntercept -0,1159 0,2252 
Q. 

Maxeb 5,7402 1,0365 ().3 

Maxeb2 -11,3351 1,1194 
Conoordance 84,40% 

().2 

0.1 

lntercept 0,4058 0,1720 ··-~,__ 

Maxfl 2,7547 0,8376 0.0 
0.0 0.1 ().2 ().3 0.4 o,s ().11 0.7 ().11 Q,9 1.0 1,1 

Maxfl2 -7,7741 0,8919 amwt wlodly (m's) 
Conoordance 8490% 

Sediment characteristics: median grainsize (gm) 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 unirnadal response curve with an optimum around 75p.m 
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 of M. balthica was very low. 

Macoma Term Regression Standard error 0.8 
00000000 0 rrudG'O'Wf (%o$11'11) 

balthica coefficient - rreda'lgl1insi28(1A'n} 

present: 629 
absent: 873 

intercept 0,2037 0,2564 
median 0,0151 0,00405 Q. 0.4 

median2 -0,0001 0,000015 ().3 

conoordance 78,80% 
present: 613 

().2 

absent: 773 0.1 

intercept -1,2070 0,0942 
0.0 mud 0,1040 0,00917 0 lil 100 1Sl z:o 25:1 

mud2 -0,00117 0,00013 9IÓIT'IIIt d 11 ar::lel islic:s 
conoordance 7350% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regression model without sediment characteristics, no terms conceming salinity 
were included in the model (Table 10.3). The linear termsof 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. Resultsfor the binary multiple logistic regression model, withoutand with sediment 
characteristics included, respectively. 

Macoma Term Regression Standard Term Regression Standard 
balthica coefficient error coefficient error 

without sediment with sediment 
presence: 820 Presence: 562 
absence:2007 Absence:731 

intercept 0,4229 0,2790 lntercept 0,6798 0,6948 
Depth -0,4422 0,0372 Temporal salinity 0,3963 0,0840 

Depth2 0,00823 0,000971 Temporal salinity2 -0,0159 0,00293 
Maxeb 3,6948 1,4378 Model salinity -0,3009 0,1170 

Maxeb2 -4,7585 1,4702 Model salinity2 0,0140 0,00351 
Maxfl 3,5401 1,1828 Depth2 -0,0980 0,0143 

Maxfl2 -5,8467 1,2245 Maxfl 7,1246 1,9453 
Maxfl2 -10,5546 2,2932 

Median2 -0,00006 5,489E-6 

concordance 91,1% concordance 94,0% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 roodels 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. Comparative staristics on the predieted and observed oeeurrence of M. balthiea in the 
Schelde estuary basedon the regression models without and with sediment characteristies included, 
respectively. (Po= Present observed; Ao =Absent observed; Pm =Present predieted by the model; 
Am = Absent predicted by the model). 

Response 
Observed 

Po 
Ao 

Total 

Macoma balthica (p=0,605) 
(without sediment characteristics) 

Model 
Pm Am Total 

615 205 820 
205 1802 2007 
820 2007 2827 

0,648 

o/o 
correct 

75 
89,8 
85,5 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,675 ( normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Macoma balthica (p=0,605) 
(with sediment characteristics) 

Model 
Pm Am Total 

480 82 562 
82 649 731 

562 731 1293 

0,742 

o/o 
correct 

85,4 
88,8 
87,3 

Ditterenee between proportions I 
95%CI -1,000 to 0,773 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROFILE OF MYA ARENARIA 

INTRODUCTION 

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 intertirlal macrobenthic biomass. However, its 
patchy distri bution 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. 

AUTO·ECOLOGY 

MYAARENARIA (Linnaeus, 1758) I Mollusca, Bi val va, 
General 

The Sandgaper Mya arenaria bas a boreal amphi-atlantic distribution, which at fresent 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 of 40 cm, depending on the age and the 
lengthof the two siphoos (ZWARTS & WANINK, 1989). Through these siphoos the species is in contact with the 
overlying water. The burrowing capacity diminishes with age (KÜHL, 1983). Toa size of 5 cm M. arenaria is 
able to burrow again after being wasbed out, whereas older and bigger M. arenaria loose this burrowing capacity 
because the relative shorterfoot 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 (SW Netherlands) small 
specimens reach nearly the isohaline of 2 g Crll 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 of2.5-3 g crn 
(Muus, 1967). In the Loire estuary ROBINEAU (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 almost all sediment types (KüHL, 1983), except in anaerobic mud 
and very coarse sand (Muus, 1967; DANKERS & BEUKEMA, 1983). However, this species mainly prefer fine and 
muddy sediments (WOLFF, 1973). NEWELL& HIDU (1982) experimentally demonstrateel thatjuvenileM. 
arenaria grew fasted in fine and muddy sediments. M. arenaria is relatively resistent to oxygen deficiency, long 
exposure times and severe winter weather (Muus, 1967). M. arenaria bas an aggregrated distribution pattern. lt 
is suggested that, as in the case of sediment particles, hydrodynarnic forces are primarily responsible for the 
zonation of Mya populations in intertictal areas (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 Aprii-May when also the phytoplankton bioom is observed (KAMERMANS, 1994). 

Population dynamics and life history 
M. arenaria has separate sexes, although sametimes hermaphroditic individuals are observed 

(APPELDOORN & SANDERS, 1988). The species reproduces and spawns in summer from May/June until 
September (Wolff, 1973; KüHL, 1983; Möll.ER & ROSENBERG, 1983; W ARWICK & PRICE, 1975). The eggs (70-
80 JLm) are fertilised in the exhalant sipbon or in the mantie cavity of the female. The larvae (150-225 JLm) swim 
freely in the water columnforabout two weeks and undergo a metamorphosis at a size of240-300 JLm. These 
veliconcha larvae settie by means of byssus threads which they anchor to sand grains and algae (GREEN, 1968). 
There is some evidence that the presence of adult bentbic suspension feeders, like Cerastoderma edule and M. 
arenaria, when present in high densities, might significantly reduce settiement successof bivalve larvae, and 
hence may limit reeruitment of new individuals (MöLLER, 1986; ANDRÉ & ROSENBERG, 1991). The mechanism 
proposed is that adults filter settling larvae out of the water column (WOOD IN, 1976). Disturbance of the top Jayer 
ofthe sediment by the bioturbater Arenicola marianamayalso negatively affect the occurrence of juvenile M. 
arenaria (FLACH, 1992). Settling preferably occurs in finesedimentsin the lower partsof the intertidal zone 
{GÜNTHER, 1992). In a later phase the animals burrow into the sediment. Growth rate can reach 10 to 15 mm in 
the first year (THAMDRUP, 1935; W ARWICK & PRICE, 1975). M. arenaria can become very large(> 10 cm) and 
very old (> 15 years). As in Cerastoderma edule, M. arenaria often have a good spatfall after severe winters 
(BEUKEMA, 1982, 1992). 

The growing season of M. arenaria is situated between April and August in Dutch waters. However, in 
Scandinaviajuveniles may grow until November (GüNTHER, 1992). Lengthand 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, 1991;, 1992). 

High suspended matter in the water column in areas like the Dollard (Ems estuary) and the eastem part of 
the Westersehelde might hamper the growth of the suspension feeding M. arenaria (ESSINK & Bos, 1985; GRANT 
& THORPE, 1991). 

Mortality is highest in the first year of life. The juveniles are situated relatively high near thesediment 
surface, being exposed to predation and unfavourable weather conditions (KüHL, 1981; BEAL et al., 1995). Only 
0,1% survives the fust winter. 
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Figure 11.2. Geographical distribution mapsof Mya arenaria in the Schelde estuary with 
presencelabsence data (top) and biomass (g AFDWm-2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
M. arenaria was mainly observed in the intertictal zone of the poly-/mesohaline transition 

zone (salinity regions 2 and 3) (Table 11.1). Both in salinity region 1 and salinity region 4 the 
species was nearly absent. Mean density and biomass were highest in salinity region 2 (Figure 
11 .1), and here M. arenaria accounted for 10% of the overall intertictal macrobenthic biomass 
observed here. The geographical distribution of M. arenaria in the Schelde estuary is shown 
in Figure 11.2. It was very striking to see that high biomass values only were observed on the 
Molenplaat, a tictal flat which was extensively studied during the Ecoflat project. The patchy 
distribution and very deep occurrence in thesediment of the larger individuals makes this 
species very difficult to sample and therefore probably an underestimation has been made of 
the occurrence and total biomass of this species. 

Table 11.1. Occurrence (pi a) of M. arenaria along the salinity and depth gradients of the Schelde 
estuary. N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: nzesohaline). 

2 3 4 

Littoral 11,1 % (n=262) 32,0 % (n= 503) 26,0 % (n=485) 4,2 % (n= 287) 
Undeep subtidal 1,3%'n=151) 2,6 % (n=153) 1,6 % (n=127) 3,9% (n=51) 
Deep subtidal 0,0 % (n=123) 0,8 % (n=130) 0,9 % (n=112) 3,0 % (n=67) 
Channel 0,5 % (n=186) 0,0 % (n=173) 2,2 % (n=232) 7,1% (n=70) 

200 -r-! ---~----~·' ~----,1 f :~ :j -=----~~-· -=-:~. J~~----~~-~---~-=~~=-----~--1 
3 ~ ~ ------------~~-------l 
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Figure 11.1. Mean density (ind m 2) and biomass (g AFDW m 2} of M. arenaria along the salinity and 
depth gradient in the Schelde estuary (areas: 1 &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
Spring and autumn occUlTenee were cernparabie in all salinity regions (Table 11.2). 

However, mean density was much higher in autumn as compared to spring, indicating spatfall 
of this species in summer. Mean biomass in salinity region 2 was much higer in autumn. 

Table 11.2. Spring (March- May) versus autumn (Augustus- October) occurrence (pla), density (ind 
m'2} and biomass (g AFDW m·2) of M. arenaria in the littoral zone ofthe Schelde estuary (salinity 
regions: 1 &2: polyhaline; 3&4: mesohaline). 

LITTORAL 1 2 3 4 

Presence Spring 7,2% (n=97) 25,4 % (n= 169) 24,5 % (n=147) 3,0% (n= 33) 
Autumn 12,6% (n=135) 33,0 % (n=218) 25,3 % (n=249) 5,1% (n= 214) 

Density Spring 985 2957 1448 253 
Autumn 2462 7177 3183 2066 

Biomass Spring 0,0392 0,9102 0,1167 0,41 
Autumn 0,0354 4,0366 0,3127 0.0024 

100 



Ecoprofile Mya arenaria 

RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) VARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. Only at 
densities > 50 ind m"'l 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 unirnadal 
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 Standard error - UT1W salrity 

coefficient 0.15 

present: 245 
absent: 2867 

lntercept -4,6947 0,4910 0.10 

Temporal salinity 0,3424 0,0591 ~ 

Temporal salinity2 -0,0107 0,00168 
Concordance 59,6 0.05 

lntercept -2,4598 0,0666 
Model salinity o.co 

Model salinitf! 
0 10 .. "" 25 3) 

Concordance 
saliMy 

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 -1,0204 0,1103 
depth -0,3831 0,0361 
depth2 

concordance 77,30% 
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Maximum ebb and flood current veloeities (m.s-1
) 

Both the linear and quadratic terms were included in both current velocity models, 
resulting in an unirnadal 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 Tenn Regression Standard error 
0,2$ 

- rraxab 

coefficient ··-··- · .... Ilooei 

present: 243 
0.3> 

absent: 2794 \\ 

Intereepi -4,2368 0,4462 0.15 
\\. 

Maxeb 14,3481 2,1036 Q. \ 
\ 

Maxeb2 -18,5355 2,3710 0.10 ·. 

Concordance 79,10% 
\\ 

0.05 
\ \ .. 

Intereepi -1,6880 0,2473 ·· ..... 
Maxfl 3,7942 1,4422 

, , _ 
0.00 

Maxfl2 -9,9149 1,8690 0.0 0.1 0.2 ... .. . ... ... 0.7 ... ... 1,0 

Concordance 8290% 
cunant Yelocity (m's) 

Sediment characteristics: median grainsize (gm) 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 J.Lm for median grain size. Especially in very 
coarse sediments, the chance of occurrence of M. arenaria was very low. 

Mya arenaria Tenn Regression Standard error 0,2$ 
- rreda1 g;ir82B (l.n1 

coefficient 

present: 191 QZ 

absent: 1311 
Intereepi -2,7921 0,3753 1),15 

Median 0,0278 0,00604 
median2 -0,00013 0,000023 Q. 

(110 

eoncordance 69,30% 
present: 199 
absent: 1187 Q,C6 

intercept -1 ,8458 0,0783 
mud o.co 
mud2 

S) tal IS> 3Xl 2!1) !Dl 

eoncordanee 
aedmert d aadeci:o1its 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regression model without sediment characteristics, no terms conceming salinity 
were included in the model (Table 11.3). The linear term (but removed) and the quadratic 
tenn 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 
tenn of maximum flood current velocity, the linearand 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 for the binary multiple logistic regression model, withoutand with sediment 
characteristics included, respectively. 

Mya arenaria Term Regression Standard Term Regressio Standard 
coefficient error n error 

coefficient 
without sediment with sediment 

presence: 224 Presence: 175 
absence: 2603 Absence: 1118 

intercept -3,6768 0,4762 lntercept -14,1739 1,5489 
Depth -0,1560 0,0488 Model salinity 1,2698 0,1596 

Maxeb 13,6226 2,2750 Model salinity2 -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 

MaxfJ2 5,0399 2,4605 
Median2 -0,00005 6,778E-6 

Conoordance 88,0% conoordance 91,4% 

Percent correct predictions 

The logistic regression model, without sediment characteristics, included, prediets 
overall 90,7 % of the responses correctly (Table 11.4 ). However, only 40,6% of the modelled 
(ar 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 rnadeis 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). 

103 



Macrobenthos Schelde estuary 

Table 11.4. Comparative statistics on the predicted and observed occurrence of M. arenaria 
in the Schelde estuary basedon 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 sediment characteristics) 

Response Model % 
Observed Pm Am Total correct 

Po 91 133 224 40,6 
Ao 133 2512 2645 95 

Total 224 2645 2869 90,7 

0,356 Ditterenee between proportions I 
95%CI -1,000 to 0,410 ( normal approximation) 

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

Mya arenaria (p=0,38) 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po 75 112 187 
Ao 112 1140 1252 

Total 187 1252 1439 

0,312 

% 
correct 

40,1 
91,1 
84,4 

Ditterenee between proportions I 
95%CI -1,000 to 0,372 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROFILE OF NEPHTYS CIRROSA 

INTRODUCTION 

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. 

AUTO·ECOLOGY 

NEPHTYS CIRROSA I Annelida Polvchaeta 
General 

The polychaete N. cirrosa is, in comparison with N. hombergii, a southem species with narthem limits in 
Scatland (MCINTYRE & EIEFI'HERIOU, 1968). At severe winters in the Delta area the popwation of N. cirrosa can 
die and it takes 3-4 years befare the speciesappears again (WOLFF, 1971). 

Habitat preferences 
Salinity: N. cirrosa penetrates the estuaries up to the isobalines of 10-15 g Crtl (WOLFF, 1973). 
Depth distribution and sediment type: N. cirrosa is, in comparison to N. hombergii, a typical sublittoral 

species, prefering sandy sediments (CLARK & HADERLIE, 1960; WOLFF, 1971). 

Feeding 
N. cirrosa lives in non-permanent burrows (HARTMANN-SCHRÖDER, 1971) and is a predator/carnivor 

(CLARK, 1962), feeding on other polychaete species like Scoloplos armiger, Heteromastus filiformis, etc. 
(COMMITO & AMBROSE, 1985). 

Popultltion dynamics and life history 
N. cirrosa is a polytelic species. Spawning occurs in the open water during swimming of the adults. The 

larvae are planctonic. 
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Figure 12.2 Geographical distribution maps of Nephtys cirrosa in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDWm-2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
The presence of N. cirrosa is mainly restricted to the polyhaline (salinity region 1 and 2), 

subticlal zone (Table 12.1.). Here, the species was observed in all three subticlal depth strata. In 
the a-mesohaline zone (salinity region 3), the species was observed irregularly, with most 
observations in the channel. In the ~-mesohaline zone (salinity region 4) the species is 
completely absent. In the interticlal zoneN. 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 subticlal 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 Occurrencc (pla) of N. cirrosa along the salinity and depth gradients ofthe Schelde 
estuary. N = number of observations ( salinity regions: 1 &2: polyhaline; 3 &4: mesohaline). 

2 3 4 

Littoral 10,3 % (n=262) 2,8 % (n= 503) 1 ,0 % (n=485) 0% (n= 287) 
Undeep subtidal 28,5% 'n=151) 24,8 % (n=153) 3,2 % (n=127) 0% (n=51) 
Deep subtidal 43,9 % (n=123) 26,2 % (n=130) 6,3 % (n=1 12) 0% (n=67) 
Channel 26,3 % (n=186) 24,3 % (n=173) 15,1 % (n=232) 0% (n=70) 

0 2 ·:------ -

1 ::; ~---::--=-. - ] 

40 ,--------------------~~---
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Figure 12.1. Mean density (ind m"2) and biomass (g AFDW m·2) of N. cirrosa along the salinity and 
depth gradient in the Schelde estuary ( areas: 1 &2: polyhaline; 3 &4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
In the polyhaline, subticlal zoneN. cirrosa 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 ~-mesohaline zone (salinity region 3) this trend was even more pronounced, with 
N. cirrosa 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 (Mar-May) versus autumn (Aug-Oct) occurrence (presencelabsence), density (ind 
m·2) and biomass (g AFDW m·2) of N. cirrosa in the subtidal zone ofthe Schelde estuary (salinity 
regions: 1 &2: polyhaline; 3&4: mesohaline). 

SUBTIDAL 2 3 4 

Presence Spring 25,7% (n=187) 19,7% (n= 203) 0,7% (n=140) 0,0% (n= 33) 
Autumn 36,6 % (n=268) 29,2% (n=243) 13,6% (n=331) 0,0 % (n= 155) 

Density Spring 21 17 0,5 0 
Autumn 28 24 2,2 0 

Biomass Spring 0,14 0,11 0,0018 0 
Autumn 0,14 0,15 0,0056 0 
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Maximum ebb and flood current veloeities (m.s"1
) 

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 Regression Standard error Q,25 
-rrBXeb 

cirrosa coefficient - rractlood 

().3) 

present: 346 / 
, ... ·· 

absent: 2691 0,15 

lntercept -4,9120 0,3735 
Q. 

Maxeb 6,7694 0,9944 0.10 

Maxeb2 -3,3002 0,6259 
Concordance 65,70% 

o.D5 

lntercept -4,8131 0,3266 
Maxfl 6,6613 o,85n 
Maxfl2 -3,2807 0,5321 

0.1 (),2 Q,3 a.• o.s 0.8 0.7 o.s Q,9 1.0 

Concordance 6670% 
a.mrt Wlla:ily (m's) 

Sediment characteristics: median grainsize Cum) 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 unirnadal response curves for median grain size 
with an optimum at± 320 JLID. For mud content the change of occurrence decreased steeply 
with increasing mud content. 

Nephtys Term Regression Standard error Q,3J . ..... nula:nenl (%<64JATI 

cirrosa coefficient -rreda'I~(JATI 
Q,25 

present: 125 ().3) 

absent: 13n 
intercept -7,1578 0,8036 0.15 

median 0,0383 0,00698 
Q. 

median2 -0,00006 0,000015 0.10 

conoordance 73,60% 
present: 1 09 O.CI5 

absent: 1277 

1,1 

intercept -1,3400 0,1426 
S) 100 19) 3I> 2Sl 300 3!0 «XX 

mud -0,1701 0,0300 
mud2 

sedml!rt~ 

conoordance 7810% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available fora 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 maxiurn 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 Iinear 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. Resultsfor the binary multiple logistic regression model, withoutand with sediment 
characteristics included, respectively. 

Nepthys Term Regression Standard Term Regression Standard 
cirrosa coefficient error coefficient error 

without sediment with sediment 
Presence: 339 presence: 102 

Absence:2488 absence: 1191 

lntercept -19,6625 1,9184 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 

coneerdance 82,2% coneerdance 91 ,1% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 staristics on the predicted and observed occurrence of N. cirrosa. in 
the Schelde estuary basedon the regression models without and with sediment characteristics 
included, respectively. (Po = Present observed; Ao =Absent observed; Pm = Present 
prediered by the model; Am =Absent prediered by the model). Fisher exact one-tailed test 
( observed by model: Po<Ao ). 

Response 
Observed 

Po 
Ao 

Total 

Nephtys cirrosa (p=0,316) 
(without sediment characteristics) 

Model 
Pm Am Total 

113 226 339 
226 2262 2488 
339 2488 2827 

0,242 

% 
correct 

33,3 
90,9 
84 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,286 ( normal 

approximation) 

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

Nephtys cirrosa (p=O, 192) 
(with sediment characteristics) 

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions 
95%CI 

Model 
Pm Am 

49 53 
53 1138 

102 1191 

0,436 
-1 ,000 to 0,518 

1-tailed pI -<0.0001 (exact) 
(observed by model: Po<Ao) 
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% 
Total correct 

102 48 
1191 95,6 
1293 91,8 

( normal 
approximation) 
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Ecoprofile Nephtys hombergii 

ECOPROFILE OF NEPHrYS HOMBERGII 

INTRODUCTION 

Nephtys hombergii was a relatively common species in the polyhaline zone of the 
estuary anrl it is one of few common species which was observerl both in the intertirlal as in 
the subtirlal zone. 

AUTO·ECOLOGY 

NEPHITS HOMBERG/I I Annelirla Polvchaeta 
General 

The polychaete N. hombergii is a cosmpolitic speciès, very common along the Atlantic coasts. N. hombergii 
is very winter sensitive with high mortalities during severe winters (BEUKEMA, 1979; BEUKEMA & EsSINK, 1986). 

In contrast to Nereis diversicolor, N. hombergii Jives in non permanent and therefore non fixed burrows 
up to 20 cm deep (HARTMANN-SCHRÖDER, 1971). 

BabiJat preferences 
Salinity: N. hombergii penetrates the estuaries up to the isobalines of 10-15 g Crtl (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 (CLARK & HADERLIE, 1960; KIRKEGRAAD, 1969; WOLFF, 
1973; GoVAERE, 1978; ALHErr,1978). In comparison, N. cirrosa prefers more sandy sediments (CLARK& 
HADERLIE, 1960; WOLFF, 1971). 

Feeding 
In genera!, N. hombergii is classified as predator/carnivor (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 (DAVEY & GEORGE, 1986; SHUBERT & REISE, 1986). ÜUVE et 
al. (1981) classify N. hombergii as a non selective carnivor, whereas WARWICKet al. (1979) describe the species 
as ornnivor with rnicroalgae being an important part of the diet. 

Popu/ation dynamics and life history 
N. hombergii is a polytelic species, which reproduce from its second year of life (OLIVE, 1978). 

Spa wning occurs in the open water during swimrning of the adults. The larvae are planctonic and settie in the 
subtidal zone. After three mantbs they rnigrate to the adult population in the intertidal zone (OUVE, 1977; 
WARWICK&PRICE, 1975). 

Biotic interactûms 
N. hombergii negatively affects densities of Heteromastus filiformis and Scoloplos armiger, consuming 

on a yearly basis 20-25% of their biomass (SHUBERT & REISE, 1986; BEUKEMA, 1987). 
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NEPHTYS HCIM/".11"1<1=111 

occurrence 

<ilpresence (295) 
·absence (2817) 

NEPHTYS HOMBERG/I 
biomoss (g NDW/m>-

i: 
9 0.8 

Figure 13.2. Geographical distribution mapsof Nephtys hombergii in the Schelde estuary with 
presencel absence data (top) and biomass ( g AFDW m'2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
The preserree of N. hombergii is restricted to the polyhaline zone (Table 13.1), with the 

highest frequency of occurrence in salinity region 1. In the polyhaline zone the species was 
observed in all depth strata, with a slightly higher preferenee for the littoral zone. However, N. 
hombergii was the only common speciesshowinga more or less similar occurrence in both 
the littoral and subtictal zone. In the mesohaline zone the species was almost completely 
absent. 

Both mean biomass and density were highest in salinity region 1 (Figure 13.1). Biomass 
and density values were comparable between the different depth strata, except fora higher 
biomass in the littoral zone of sal inity region 1. The geographical distribution of N. hombergii 
in the Schelde estuary is shown in Figure 13.2. 

Table 13.1. Occurrence (pla) of N. hombergii along the salinity and depth gradients of the Schelde 
estuary. N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

Littoral 
Undeep subtidal 
Deep subtidal 
Channel 

0,25 ..---

Ë 0,2 I 

~ 0,15 
c 
~ 0,1 
C) 0,05 

35,9 % (n=262) 
21,9% 'n=151) 
15,4 ~ó (n=123) 
15,1 % (n=186) 

2 

13,9 % (n= 503) 
9,8 % (n=153) 
6,2% (n=130) 
7,5 % (n=173) 

0+=~~~~~~=---~----~ 

2 3 4 

area 

3 

1,6% (n=485) 
1,6 % (n=127) 
0,9 % (n=1 12) 
1,7% (n=232) 

area 

4 

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

j olittoral aundeep subtidal odeep subtidal ochannell 0 liltora I EJ undeep subtidal 0 deep subtidal o channel 

Figure 13.1. Mean density (ind m'2) and biomass (g AFDW m·2) of N. hombergii along the salinity and 
depth gradient in the Schelde estuary (areas: 1 &2: polyhaline; 3&4: mesohaline). 

Seasonal varia.tions: spring versus autumn occurrence 
In the polyhaline, littoral zoneN. hombergii was observed more frequently in autumn as 

compared to spring, resulting in a higher mean density and biomass in autumn (Table 13.2). In 
the mesohaline zoneN. hombergii was nearly completely absent in both seasons. 

Table 13.2. Spring (March- May) versus autumn (Augustus- October) occurrence (p/a), density (ind 
m·2) and biomass (g AFDW m·2) of N. hombergii in the littoral zone ofth.e Schelde estuary (salinity 
regions: 1 &2: polyhaline; 3 &4: mesohaline). 

LITTORAL 2 3 4 

Presence Spring 30,9 % (n=97) 11 ,2 % (n= 169) 0,6% (n=147) 0% (n= 33) 
Autumn 41,5 % (n=135) 20,2 % (n=218) 1,2 % (n=249) 0 % (n= 214) 

Density Spring 17 9 0,5 0 
Autumn 26 18 0,6 0 

Biomass Spring 0,1 17 0,065 0,001 0 
Autumn 0,281 0,154 0,001 0 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. 

Model salinity and temporal salinity 
Both the linearand 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 'tempora! 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 Q35 
-~santy 

homberg i i coefficient 
0.3) 

· · ·······~santy 

Present: 295 025 

Absent: 2817 
Q3) 

lntercept -11,1041 1,3533 
Temporal salinity 0,6500 0,1176 

Q. 
Q15 

Temporal salinity2 -O,Q106 0,00251 
Concordance 77,20% 0.10 

o.os 
lntercept -13,8417 2,2325 
Model salinity 0,7561 0,1804 QOO 

Model salinit~ -0,0110 0,00360 
0 10 15 a? 25 3) 35 

Concordance 79 50% 
lárity 

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 conceming its distribution, wat also could be 
observed in Table 13.1. 
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Maximum ebb and flood current veloeities (m.s-1
} 

Both the linear and quadratic tenns 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 toleranee for current velocity. Compared with 
N. cirrosa, N. hombergii clearly preferred less high current velocities. 

Nephtys Term Regression Standarel error - rraxeb 
homberg/i coefficient - rraxtlood 

0.15 ..... ~~~·--......... 
present: 281 ......... 

· .•. 
absent: 2756 ..... 

lntercept -2,5242 0,2885 
'•, 

0.10 \, 
Maxeb 3,5969 1,0891 

Q. 

... 
Maxeb2 -4,5532 0,9355 
Coneerdance 64,30% o.as ·· .. 

lntercept -3.1516 0,2527 
Maxfl 5,6340 o,95n 0.00 

Maxfl2 -5,5198 0,8033 
0.0 0.1 o.2 Q,3 0.4 o.s 0,8 0.7 o.s Q,9 1,0 1,1 

Coneerdance 66,70% 
a.mrt Yllkx:ity (m's) 

Sediment characteristics: median grainsize (gm} 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 JLm. However, N. 
hombergii showed a relatively broad toleranee and only in very coarse or very fine sediments 
the chance of observing this species became small. 

Nephtys Term Regression Standard error 0,10 
......... nu:lto181 (<63sn1 

hombergii coefficient - rradlngairBlle (1111 

present: 1 07 ...................... ········ 
absent: 1395 

lntercept -3,4341 0,4635 
Median 0,0164 0,00613 

o,a; 
Q. 

Median2 -0,00006 0,000019 
Coneerdance 59,1% 

present: 341 
absent: 1 045 

lntercept -2,5649 0,1043 
Mud 0 Sl 1(1) 19) :m 21:) 3a) 

Mud2 aecirTa1 d aidtiiSics 
Coneerdance 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regressionmodel 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. Results for the binary multiple la gistic regression model, withoutand with sediment 
characteristics included, respectively. 

Nephtys Term Regression Standard Term Regression Standard 
homberg/I coefficient error coefficient error 

Without sediment with sediment 
Presence: 248 Presence: 84 
Absence: 2579 Absence:1318 

lntercept -13,8573 1,4990 lntercept -7,0066 0,7397 
Temporal salinity 0,6095 0,1235 Temporal salinity2 0,00211 0,00088 

Temporal salinity2 -0,0135 0,00274 Model salinity 0,1875 0,0431 
Model salinity 0,2077 0,0302 Mediaol! -0,00002 5,093E-6 

Depth 0,0607 0,0167 
Maxeb2 -1,8681 0,3927 

Maxft 3,4719 1,1324 
MaxfJ2 -3,5303 0,9218 

Concordance 86,2% concordance 85,2% 

Percent correct predictions 

The logistic regression model, without sediment characteristics, included, prediets 
overall 88,2 %of 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 stafistics on the prediered and observed occurrence ofN. hombergii 
in the Schelde estuary basedon the regression models without and with sediment 
characteristics included, respectively. (Po= Present observed; Ao =Absent observed; Pm = 
Present prediered by the model; Am= Absent predicted by the model). Fisher exact one-tailed 
test ( observed by model: Po<Ao ). 

Response 
Observed 

Po 
Ao 

Total 

Nephtys hombergii (p=0,287) 
(without sediment characteristics) 

Model 
Pm Am Total 

85 163 248 
163 2416 2579 
248 2579 2827 

0,280 

% 
Correct 

34,2 
93,7 
88,5 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,330 ( normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Nephtys hombergii (p=0,285) 
(with sediment characteristics) 

Model 
Pm Am Total 

29 55 84 
55 1263 1318 
84 1318 1402 

0,304 

% 
Correct 

34,5 
95,8 
92,2 

Ditterenee between proportions I 
95%CI -1,000 to 0,389 (normal approximation) 

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

121 



Macrobenthos Schelde estuary 

REPERENCES 

Alheit, J. 1978. Distri bution of the polychaete genus Nephtys: a stratified random sampling 
survey. Kieier Meeresforsch. 4: 61-67. 

Beukema, ~.J. 1979. Biomass and species richness of the macrobentbic animals living on a 
tidal flat area in the Dutch Wadden Sea: effects of a severe winter. Neth. J. Sea Res. 
13: 203-223. 

Beukema, J.J. 1987. Influence ofthe predatory polychaete Nephtys hombergii on the 
abundance of other polychaetes. Mar. Ecol. Prog. Ser. 40: 95-101. 

Beukema, J.J. & K. Essink. 1986. Common patterns in the Fluctuations of macrozoobenthic 
species living at different places on tidal flats in the Wadden Sea. Hydrobiologia 142: 
199-207. 

Clark, R.B. 1962. Observations on the food of Nephtys. Limnol. Oceanogr. 7: 380-385 
Clark, R.B. & E.C. Haderlie. 1960. The distribution of Nephtys cirrosa and Nephtys 

hombergii on the soutb-westem coasts of England and Wales. J. Anim. Ecol. 29: 
117-147. 

Govaere, J. 1978. Numerieke analyse van het makrobenthos in the Southem Bight 
(Noordzee). Doctoraatsverhandeling R.V. Gent, 220 pp. 

Hartmann-Schröder, G. 1971. Annelida, Borstenwürmer, Polychaeta. Tierwelt Deutschlands 
58: 1-594. 

Kirkegraad, J.B. 1969. A quantitative investigation ofthe central North Sea polychaeta. Spolia 
zool. Mus. Haun. 29: 1-285. 

Olive, P.J.W., P.R. Garwood, M.G. Bentley & N. Wright. 1981. Reproductive success, 
relative abundance and population structure of two species of Nephtys in an estuarine 
beach. Mar. Biol. 63: 189-196. 

Olive, P.J.W. 1978. Reproduetion and annual gametogenic cycle in Nephtys hombergii and N. 
caeca (polychaeta: Nephtyidae). Mar. Biol. 46: 83-90. 

Olive, P.J.W. 1977. The life-history and population structure of the polychaetes Nephtys 
caeca and Nephtys hombergii with special reference to the growth rings in the teeth. 
J. mar. biol. Ass. V.K. 57: 133-150. 

Shubert, A. & K. Reise. 1986. Predatory effects of Nephtys hombergii on other polychaetes in 
tidal flat sediment. MarEcoL Prog. Ser. 34: 117-124. 

Warwick, R.M. & R. Price. 1975. Macrofauna production in an estuarine mud-flat. J. mar. 
biol. Ass. V .K. 55: 1-18. 

Wolff, W.J. 1971. Distribution of four spefles of Nephtys (Polychaeta) in the estuarine area of 
the rivers Rhine, Meuse and Scheldt. Troisième Symposium Européen de Biologie 
Marine. Vie et Milieu, supplément 22: 677-699. 

Wolff, W.J. 1973. The estuary as a habitat. An analysis of data on the soft bottorn macrofauna 
of the estuarine area of the rivers Rhine, Meuse and Scheldt. Zoologische 
verhandelingen 126: 1-242. 

122 



Ecoprofile Nereis diversicolor 

ECOPROFILE OF NEREIS DNERSICOLOR 

INTRODUCTION 

Nereis diversicolor was a very common polychaete species in the Schelde estuary. 
Especially in the intertirlal mesohaline zone it was one of the constituting species, contributing 
substantially to both the overall macrobenthic density and biomass. fu the 13-mesohaline zone 
N. diversicolor made up 53% of the total macrobenthic biomass. 

AUTo-ECOLOGY 

NEREIS DIVERSICOWR I Annelida Polvchaeta 
General 

The polychaete Nereis diversicolor is one of the most characteristic species of estuarine ticlal areas. Because 
of its large toleranee 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 
(METIAM, 1979). 

In comparison with Nepthys hombergii lives N. diversicolor in a branched system of burrows 
(HARTMANN-SCHRÖDER, 1983), up toadepthof 5-20 cm, extending to 40 cm during severe winters (Muus, 
1967). 

Habitat preferences 
Salinity: N. diversicolor prefers undeep, mesohaline waters (MUUS, 1967; WOLFF, 1973) and the species 

has a large toleranee against changes in salinity (DALES, 1951b; HARTMANN-SCHRÖDER, 1983). 
Sediment type: N. diversicolor prefers very fine, muddy sediments (WOLFF, 1973), but in 'black mud' the 

species is absent. 

Feeding 
In genera!, 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 tagether with the detritus. Also predation on Corophium volutator 
and chironomid larvae was noticed by Muus (1967). HARTMANN-SCHRÖDER (1971) describes the uptake of 
plant material (detritus) by N. diversicolor . .REISE (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 of C. edule. 

Population dynamics and life history 
N. diversicolor is gonochoristic. The sex ratio is in favour of females (ME'ITAM, 1981). N. diversicolor 

is atocous and oviparous (WOLFF, 1973). Short after spawning the adults die. The time and duration of the 
spawning is variabie (DALES, 1950; MUUS, 1967; CHAMBERS & Mn.NE, 1975; HElP & HERMAN, 1979; .. . ). The 
larvae come out after a week in the burrows of the adults, on the sediment surface or in the upper layers of the 
sediment. Setdom or never they are observed in the watercolumn. 
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NEREIS 
occurrence 

Gpresence (812) 
•absence (2300) 

NEREIS DIVERS/COLOR 
biomc' s (g AFDW/m2) 

Figure 14.2. Geographical distribution mapsof Nereis diversicolor in the Schelde estuary with 
presencelabsence data (top) and biomass (g AFDWm-2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
N. diversicolor was a corrunon species in the littoral, polyhaline and the mesohaline zone, 

with the highest frequency of occurrence in the ~-mesohaline zone (salinity region 4) (Table 
14.1). In the subtictal zoneN. diversicolor was nearly absent. 

Mean density and biomass was camparabie in the two polyhaline salinity regions 1 and 2 
and the a -mesohaline salinity region 3 (Figure 14.1). In the ~-mesohaline zone (salinity region 
4) mean biomass and density were 3-4x higher then in the other salinity regions, making up 
53% of the total biomass here. The geographical distribution of N. diversicolor in the Schelde 
estuary is shown in Figure 14.2. 

Table 14.1. Occurrence (pi a) of N. diversicolor along the salinity and depth gradients of the Schelde 
estuary. N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

Littoral 54,2 % (n=262) 
Undeep subtidal 1,3%'n=151) 
deep subtidal 0,8% (n=123) 
Channel 1,1 % (n=186) 

2 3 4 

2 

31,2% (n= 503) 
2,0 % (n=153) 
0,0 % (n=130) 
0,0 % (n=173) 

2000 

~ 1500 

~ 1000 
'jij 

g 500 
'C 

0 

3 4 

53,4% (n=485) 81,5% (n= 287) 
3,2 % (n=127) 0,0% (n=51) 
1 ,8 % (n=112) 1,5% (n=67) 
2,2% (n=232) 0,0% (n=70) 

I -
I ,,., 
t r-

-
' n fJ 

2 3 4 

area area 

mlittoral f! undeep subtidal odeep subtidal ochannel o lîttoral EJUndeep subtidal odeep subtidal o channel 

Figure 14.1. Mean density (ind m-2) and biomass (g A.FDW nt"2) of N. diversicolor along the salinity 
and depth gradient in the Schelde estuary. ( areas: 1 &2: polyhaline; 3 &4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
The littoral occurrence and density of N. diversicolor was camparabie between spring and 

autumn in all salinity regions, except for somewhat highervalues in autumn in salinity region 
1 (Table 14.2). Mean biomass was higher in spring in all salinity regions, except for salinity 
region 1 were the opposite was noticed. 

Table 14.2. Spring (March- May) versus autumn (Augustus - October) occurrence (pla), density (ind 
m-2) and biomass (g AFDW m-2) of Ne reis diversicolor in the littoral zone ofthe Schelde estuary 
( salinity regions: 1 &2: polyhaline,· 3 &4: mesohaline). 

LITTORAL 1 2 3 4 

Presence Spring 43,3 % (n=97) 35,5 % (n= 169) 50,3 % (n=147) 75,8 % (n= 33) 
Autumn 61 ,5% (n=135) 34,4% (n=218) 52,6 % (n=249) 79,0 % (n= 214) 

Density Spring 96 107 312 1392 
Autumn 370 139 389 1368 

Biomass Spring 0,78 0,91 1,02 3,83 
Autumn 1,50 0,47 0,79 2,64 
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RESPONSE CURVES FORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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 decreasing 
salinity. But also in higher salinities the probability of occurrence of Nereis diversicolor was 
still relatively high. 

Nereis Term Regression Standard error 0.110 

0.75 -~SlÜ'Ïiy 

divers/color coefficient 0.70 ·········~santy 

o.o5 ·. 
0.110 

present: 812 0.$ ·. 
absent: 2300 OS> 

0.<5 
intercept 0,7385 0,1983 O.«> 

Temporal salinity -0,1610 0,0251 
Q.o.:J5 .. 

0.:!0 .. 
Temporal salinity2 0,00291 0,000712 o.:!S ·· .. 
Concordance 62,10% = ·· ....... 

0.15 

0.10 

lntercept 1,1206 0,2920 o.as 

Model salinity -0,1758 0,0334 QCD 

10 15 3) 25 :!0 36 

Model salinity2 0,00299 0,000867 sSirity 

Concordance 6020% 

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 
decreasein chance of occurrence was observed. The curve clearly demonstrated the preferenee 
of N. diversicolor for the littoral zone (see also Table 14.1). 

Nereis Term Regression Standard error 1,00 
(),95 

diversico/or coefficient (),!1) 
(),95 
(),!1) 

0.15 

present: 682 QlO 
Qe6 

absent: 2192 o.eo 
intercept 1,7040 0,1115 (),95 

depth -0,9131 0,0447 Q.: 

Q4J 
depth2 0,0115 0,000983 Q36 

concordance 91 ,00% 
(),!1) 
Q25 

= 
0,15 
0.10 
o.as 
0.00 

0 5 10 15 3) 25 :!0 

'*Ph (m NolP + 2.511 
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Maximum ebb and flood current veloeities (m.s-1
) 

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 veloeities 
and a gradual decreasing probability of occurrence with increasing current veloei ties. 

Hereis Term Regression Standard error 1.00 
o,z - ITfll(eb 

diversico/or coefficient Cl,!lO - ·--· ITfll( tkXld 
o,as 
(),11) ., ...... 
0,15 ''· 

present: 771 0,70 
o,as 

absent: 2266 (),11) 

lntercept 2,1693 0,1269 
O.l& 
a.so 

Maxeb -6,2043 0,2603 
Q.o.AS ·· .. ...., · ... 

Maxeb2 o,z ......... 
o,:l) '· 

Concordance 85,60% (),25 '·· 
Cl,!lO 
0,15 

lntercept 1,5673 0,1720 0.10 
o.as 

Maxfl -5,2126 0,2155 0.00 
OfJ 0,1 ~ Q,3 0,4 o.s o.s o,7 o.s o.s 1/J 1,1 

Maxff2 amn lll!kxiy (m's) 
Concordance 8550% 

Sediment characteristics: median grainsize Cum) 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 J..l.ffi for median grain size), and an unirnadal response curve 
for mud content, with an optimum at 50%, but with a relatively broad tolerance. 

Hereis Term Regression Standard error 0.15 ......... rn.d GO'f8t (< 64Jn$ 

diversicolor coefficient 0,70 
-rreáal~Jl~i'Bm ~ o,as 

OJI) 

present: 523 O.l& 

absent: 979 
intercept 0,8026 0,1001 
median 
median2 -0,00005 3,715E-6 
concordance 78,70% 

present: 512 0.15 

absent: 874 0,10 

intercept -1,6620 0,1038 o.as 
0.00 mud 0,1023 0,00917 0 Sl 1CD 1S) 

mucJ2 -0,00103 0,000128 sec1rnrt d aaàelislics 

concordance 7500% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

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 veloeities were included in the model (Table 14.3), with the linear term of maximum 
flood current velocity and the linear term of depth actding 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. Results for the binary multiple Zo gistic regression model, withoutand with sediment 
characteristics included, respectively. 

Ne reis Term Regression Standard Term Regression Standard 
diversico/or coefficient error coefficient error 

Without sediment with sediment 
Presence:660 presence: 454 

Absence: 2167 absence:839 

lntercept 7,3822 0,6072 lntercept 9,0758 0,8874 
Model salinity -0,4199 0,0570 Temporal salinity -0,3703 0,0764 

Model salinity2 0,00871 0,00144 Temporal salinity2 0,0105 0,00229 
Depth -0,6146 0,0508 Model salinity -0,0878 0,0236 

Depth2 0,0106 0,00105 Depth -0,6606 0,0776 
Maxeb -2,8955 0,4745 Depth2 0,0197 0,00299 

Maxfl -1,1788 0,3880 Maxeb -3,8073 0,6072 
Median -0,00954 0,00193 

MucJ2 -0,00024 0,000096 

Coneerdance 92,9% Coneerdance 91,7% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 roodels 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 stafistics on the predicted and observed occurrence ofN. 
diversicolor in the Schelde estuary basedon 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 ). 

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions 
95%CI 

Nereis diversicolor (p=0,466) 
(without sediment characteristics) 

Model 
Pm Am 

495 165 
165 2002 
660 2167 

0,674 
-1,000 to 0,703 

% 
Total correct 

660 75 
2167 92,4 
2827 88,3 

( normal 
approximation) 

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

Nereis diversicolor (p=0,5) 
(with sediment characteristics) 

Response 
Observed 

Po 
Ao 

Total 

Ditterenee between proportions I 
95%CI 

Model 
Pm Am 

298 156 
156 683 
454 839 

0,470 
-1,000 to 0,513 

1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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% 
Total correct 

454 65,6 
839 81 ,4 

1293 75,9 

( normal 
approximation) 
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ECOPROFILE OF NEREIS SUCCINEA 

INTRODUCTION 

Nereis succinea was much less common in the Schelde estuary then Nereis diversicolor. 
N. succinea showed a rather difficult pattem 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 subtictal zone the species was 
rarely observed. In the ~-mesohaline zone the opposite was observed, with N. succinea being 
more common in the subtirlal zone. This pattem of occurrence was not reflected in the 
observed mean biomass and density. In genera!, values were very low and N. succinea does 
not contribute much to the total macrobentbic density and biomass in the Schelde estuary. 

AUTO-ECOLOGY 

NEREIS SUCCINEA I Annelida Polvchaeta 
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 of different habitats as N. diversicolor. N. succinea 
Jives 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 Iess weii extreme 

salinities as N. diversicolor. This can probably he explained by the Iower toleranee of Iow salinities of the Iarvae. 
In the Westersehelde WOLFF (1973) observed N. succinea up to 3 g Crtl. ROBINEAU (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 Iow 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 wide range of different habitats, going from sand, mud, 
between shells, on mussel beds, even on piles and harbour constructions (WOLFF, 1973). 

Feeding 
N. succinea is a non selective deposit feeder, also ingesting detritus (GoERKE, 1971; HARTMANN-

SCHRÖDER (1971). 

Popu/ation dynamics and life history 
Swanning epitokous animals can he observed in large numbers between July-September (WOLFF, 

1973). At 20-21 oe the free-swimming larvae settie afterabout 10-14 days. 
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NEREIS SUCCINEA 
occurrence 

epresence (449) 
· obsence (2663) 

Figure 15.2. Geographical distribution mapsof Nereis succinea in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW m·2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
N. succinea showect a rather difficult pattem of occurrence in the Schelde estuary. N. 

succinea occurred least in the most outer polyhaline zone (salinity region 1) (Table 15.1). In 
the middle of the estuary (poly/mesohaline salinity regions 2 anct 3), N. succinea was a 
relatively common species in the littoral zone, whereas in the subtictal zone the species was 
rarely observed (especially in salinity region 2). In the ~-mesohaline zone (salinity region 4) 
the opposite was observed, with N. succinea being more common in the subtictal zone. The 
pattem of occurrence was not reflected in the observed mean biomass and density (Figure 
15.1). In genera!, values were very low and N. succinea does not contribute much to the total 
macrobenthic density and biomass in the Schelde estuary. The geographical distribution of N. 
succinea in the Schelde estuary is shown in Figure 15.2. 

Table 15.1. Occurrence (p/a) of N. succinea along the salinity and depth gradients ofthe Schelde 
estuary. N= number of observations (regions: I &2: polyhaline; 3&4: mesohaline). 

2 3 4 

Littoral 9,2% (n=262) 37,4% (n= 503) 27,0% (n=485) 7,7% (n= 287) 
Undeep subtidal 0 % 'n=151) 3,3 % (n=153) 4,7% (n=127) 13,7% (n=51) 
deep subtidal 2,4 % (n=123) 1,5% (n=130) 3,6 % (n=112) 13,4% (n=67) 
channel 2, 7 % (n=186) 1,7 % (n=173) 8,6 % (n=232) 28,6% (n=70) 

2 3 4 2 3 4 

area area 

Olittoral EJUndeep subtidal Qdeep SUbtidal OChannel olittorallllundeep subtidal odeep subtidal ochannel 

Figure 15.1. Mean density (ind m'2} and biomass (g AFDW m·2) of Nereis succinea along the salinity 
and depth gradient in the Schelde estuary ( areas: I &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
In general, a higher occurrence of N. succinea was observed in autumn as compared to 

spring in the littoral zone (Table 15.2). This was reflected in the mean biomass and density, 
being higher in autumn, except in salinity region 3 where comparable values were observect 
for both autumn anct spring. A spring-autumn comparison for the subtictal zone of salinity 
region 4 is difficult to make since too few spring data were available. 

Table 15.2. Spring (Mar- May) versus autumn (Aug- Oct) occurrence (p/a), density (ind m'2) and 
biomass ( g AFDW m'2) of N. succinea in the littoral zone of the Schelde estuary ( salinity regions: 
1 &2: polyhaline; 3&4: mesohaline). 

LITTORAL 2 3 4 

Presence Spring 6,2% (n=97) 29,6 % (n= 169) 23,8% (n=147) 3,0% (n= 33) 
Autumn 13,3 % (n=135) 39,0 % (n=218) 28,9 % (n=249) 9,8% (n= 214) 

Oensity Spring 3 142 90 4 
Autumn 26 318 100 10 

Biomass Spring 0,019 0,238 0,115 0,011 
Autumn 0,048 0,312 0,089 0,021 
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REsPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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 linearand 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 toleranee 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 Term Regression Standard error Qll) 

-~SIIIirity 

succinea coefficient .•....... fYIDj "*lly 

present: 321 
absent: 2791 

lntercept -3,6232 0,3805 
Temporal salinity 0,2523 0,0467 
Temporal salinity2 -0,00835 0,00134 
Conoordance 58,10% 

lntercept -7,6936 0,6940 
Model salinity 0,6526 0,0722 nm 

0 10 IS ., 25 30 35 

Model salinityl! -0,0172 0,00181 s8irily 

Conoordance 6410% 

Depth 
Both the linear and quadratic term of depth were included in the model. The response 

showed a (shallow) decreasein chance of occurrence with increasing depth, but the slope 
suggested also the presence of N. succinea in the subtictal zone. 

Nereis Term Regression Standard error o,l5 

succinea coefficient 
Qll) 

present: 292 
absent: 2582 Qt5 

lntercept -1,2077 0,1015 
Depth -0,2525 0,0280 Q. 

depth2 0,00629 0,00102 Q10 

Conoordance 68,60% 
na; 

o,m 
0 5 10 15 3l z 3) 

~ (mi'W'+2,5rrl 
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Maximum ebb and flood current veloeities (m.s-1
) 

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 unirnadal 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 
decreasein 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. 

Ne reis Term Regression Standard error o;J5 
-rracell 

succlnea coefficient QlD \, --rracllcXXl 
· .. 

... 
~ 

\ 
present: 315 ·· .. 
absent: 2722 (),3) '· 

lntercept ·2,0212 0,2608 
.,_ 

Q, 

Maxeb 2,5264 1,0120 0,15 

Maxeb2 -4,0152 0,8881 ··,, 
Coneerdance 67,60% 

0.10 
............... , 

().05 ........ ~ ~~----~ ...... 
lntercept -0,7451 0,1083 
Maxfl -2,7050 0,2157 (UI) 

0,0 0.1 ~ Q,3 Q,A o.s o.s 0,7 1),11 Q,9 1.0 1,1 

Maxfl2 a.mn \IBiocity (m's) 
Conoordance 73130% 

Sediment characteristics: median grainsize (urn) 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 unirnadal response curves for median grain size with an optimum at± 75 Jlm and for 
mud content with an optimum of 35%. However, N. succinea showed a relatively broad 
toleranee 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 o;J5 ......... rrula:rfa1 (< &l~ 

vo/uator coefficient 
QlD 

- rrecmiJ3ÎI1Iilll{llrl 

present: 217 ~ 

absent: 1285 : _ 
(),3) 

intercept -1,6760 0,2964 
Q, 

median 0,00926 0,00450 0.15 I 
median2 -0,00006 0,000016 
coneerdance 65,90% O."IJ j 

present: 214 Q,CI5 

absent: 1172 ·· .. 
intercept -2,5173 0,1431 (UI) 

~ 100 1~ 31) 2S) 3D 

mud 0,1076 0,0132 !IIÓTBt d-.adllislics 
mud2 -0,00159 0,000214 
coneerdance 71,20% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

In the regression model without sediment characteristics, linear and/or quadratic terros 
of all abiotic variables were included in the model (Table 15.3), with the linear term of 
maximum flood current velocity (maxfl), the linearand quadratic term of maxiurn 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 
tenn of maximum flood current velocity (maxfl), the linearand 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 for the binary multiple logistic regression model, without and with sediment 
characteristics included, respectively. 

Herels Term Regrassion Standard Term Regression Standarel 
succines coefficient error coefficient error 

without sediment with sediment 
presence: 288 Presence: 209 
absence: 2539 Absence: 1084 

intercept -7,3157 0,7048 lntercept -10,1850 1,2763 
Model salinity 0,7298 0,0791 Model salinity 0,9116 0,1189 

Model salinity2 -0,0192 0,00207 Model salinity2 -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 co"ect predictions 
The logistic regression model, without sediment characteristics, included, prediets 

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 roodels 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 Nereis succinea 

Table 15.4. Comparative statistics on the predicted and observed occurrence of N. succinea in 
the Schelde estuary basedon 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<.A.o ). 

Response 
Observed 

Po 
Ao 

Total 

Nereis succinea (p=0,287) 
(without sediment characteristics) 

Model 
Pm Am Total 

120 168 288 
168 2371 2539 
288 2539 2827 

0,350 

% 
correct 

41,7 
93,4 
88,1 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,399 ( normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Nereis succinea (p=0,34) 
(with sediment characteristics) 

Model 
Pm Am Total 

126 83 209 
83 1001 1084 

209 1084 1293 

0,526 

% 
correct 

60,3 
92,3 
79,4 

Ditterenee between proportions I 
95%CI -1,000 to 0,584 (normal approximation) 

Fisher exact test: 1-tailed p I <0.0001 (exact) 
(observed by model: Po<Ao) 
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Ecoprofile Polydora spp. 

ECOPROFILE OF POLYDORA SPP. 

INTRODUCTION 

Polydora spec. was, in comparison with Pygospio elegans, nota 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. 

AUTO·ECOLOGY 

POLYDORA SPP. I Annelida, Polvchaeta 
General 

As the genus Polydora is a difficult group in terros of detennination, 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 thesediment 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. 
cüiLlta as indicator for organic pollution. 

Habitat preferences 
Salinity: P. ligni is a euryhaline species, toleraring a wide range of salinities, with a preferenee for the 

brackish zone. In the Delta area P. ligni is observed from 1-3 g Crtl to 16.5 crn (WOLfF, 1973). P. ciliLlta 
penetrates the estuary only downtoa chlorinity of 10-12 g Clïl (WOLFF, 1973). 

Sediment type: Polydora spp. can be observed in a wide range of substrates: P. ligni prefers, very fine, 
muddy sediments (WOLfF, 1973) , whereas P. ciliata lives (burrows) in hard substrates , like shells (KORRINGA, 
1951), sandstone (GUDMUNDSSON, 1985), limestone, wood, etc. (DORSEIT, 1961). Setdom P. liciata has been 
observed in loose sediments (WOLFF, 1973). 

Feeding 
Both P. ligni and P. cilwta are mainly selective deposit feeders which feed by means of their two lined 

palps, but they can also behave as suspension feeders (KORRINGA, 1951; BLAKE, 1971; DARO & POLK, 1973; 
DAUER et al., 1981; TAGHON, 1982). Movement pattemsof feeding palps are species-specific, and vary with 
animal size, types of habitats, presence of suspended particles, and hydrodynamic conditions (DAUER et al., 
1981; QIAN & CHIA, 1997). 

Popu/ation dynamics and üfe 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; ZAJAC, 1986). The larvae develop in the tube until a length ofthree segments, 
after which they are released in the water column. The larvae settie when they have 15-20 segments 
(GUDMUNDSSON, 1985; ZAJAC, 1986). ZAJAC (1986) observed negative effects on the growth and reproduetion 
of P. ligni with a decreasing food availability and/or an increasing intraspecific density. 
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! 
I 
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Figure 16.2. Geographical distribution mapsof Polydora spp. in the Schelde estuary with 
presencelabsence data (top) and biomass (g AFDW m·2) data (bottom). 
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Beoprofile Polydora spp. 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
In the polyhaline (salinity region 1 and 2) and the a-mesohaline (salinity region 3) zone 

Polydora spp. was mainly observed in the littoral zone with a presence of 20-23% (Table 
16.1); in the subtictal zone the species was observed < 5% of the sampling occasions. In the 
~-mesohaline zone (salinity region 4) a different pattem was observed, with Polydora spp. 
present in all depth strata, being most observed in the deep subtictal and the channel. 

This pattem of occurrence was not retlected in the observed mean biomass and density 
(Figure 16.1). Only in the littoral zone of salinity regions 2 and 3 relatively high mean values 
of biomass and density were observed. In all other strata mean biomass and density were very 
low. Polydora spp. does not contribute much to the total macrobenthic density and biomass 
in the Schelde estuary. The geographical distribution of Polydora spp. in the Schelde estuary 
is shown in Figure 16.2. 

Table 16.1. Occurrence (p/a) of Polydora along the salinity and depth gradients ofthe Schelde 
estuary. N= numberofobservations (salinity regions: 1&2: polyhaline; 3&4: mesohaline). 

Littoral 
Undeep subtidal 
Deep subtidal 
Channel 

2 

21 ,0 % (n=262) 
3,3% 'n=151) 

0% (n=123) 
4,8 % (n=1 86) 

3 

area 

4 

2 

19,9% (n= 503} 
3,9 % (n=153) 
2,3 % (n=130) 
4,0 % (n=173) 

3 

23,1 % (n=485} 
2,4 % (n=127) 
0,9 % (n=112) 
6,0 % (n=232} 

2 

area 

4 

12,2 % (n= 287} 
11 ,8 % (n=51) 
19,4% (n=67) 
27,1 % (n=70} 

3 4 

o littoral s undeep subtidal odeep subtidal o channel olittoral I]Undeep subtidal odeep subtictal ochannel 

Figure 16.1. Mean density (ind m'2) and biomass (g AFDW m'2) of Polydora spp. along the salinity 
and depth gradient in the Schelde estuary (are as: I &2: polyhaline; 3 &4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
A large difference was observed between spring and autumn 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 mean density and biomass. 

Table 16.2. Spring (March - May) versus autumn (Augustus- October) occurrence (pla), density (ind 
m·2) and biomass (g AFDW m·2) of Polydora spp. in the littoral zone ofthe Schelde estuary (salinity 
regions: I &2: polyhaline; 3&4: mesohaline). 

LITTORAL 1 2 3 4 

Presence Spring 5,2% (n=97) 7,7% (n= 169) 8,2% (n=147) 0% (n= 33) 
Autumn 31,1%(n=135) 28,0 % (n=218) 30,1 % (n=249) 12,6% (n= 214) 

Density Spring 3 37 63 0 
Autumn 327 946 637 18 

Biomass Spring 0,0008 0,0093 0,0114 0 
Autumn 0.0298 0,0765 0,0666 0,0026 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. Only at 
densities > 50 ind m-z 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 'tempora} 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 Q15 
-1IJIJD3 smty 

spp. coefficient . ........ rnDj sairity 

present: 289 
.. .. 

absent: 2823 
Q10 

lntercept -2,2791 0,0618 ·. 
Temporal salinity Q. 

Temporal salinity2 aas 
Concordance 

lntercept -3,6535 0,5053 
Model salinity 0,1891 0,0553 aoo 
Model salinity2 -0,00539 0,00142 0 10 15 3l 25 3:1 3S 

Concordance 5370% süily 

Depth 
Both the linear and quadratic term of depth were included in the model. The response 

showed a (shallow) decreasein probability of occurrence with increasing depth, but the slope 
suggested also the presence of Polydora spp. in the subtictal zone, with a small increase in 
probability of occurrence at a depth > 20m. This is in accordance with Table 16.1, where in 
the ~-mesohaline zone Polydora spp. was most observed in the deep subtictal 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 

lntercept -1,3967 0,1075 
Depth -0,2641 0,0290 

Q. 
depth2 0,00753 0,000985 
Concordance 67,80% 

Maximum ebb and flood current veloeities (m§1
) 

0 25 3l 

Only the linear term was included in the maxim 
models. This resulted in more or less similar sigmoidalL...-----------------1 
current velocity, showinga high probability of occurrence with small current veloeities and a 
gradual decreasing probability of occurrence with increasing current velocities. 
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Polydora Term Regression Standard error Q,3J 
- 1!111Ceb 

spp. coefficient ·· .. \ - 1!111CIIoal 
Cl.2S 

·• .. 
present: 285 ~ ·,, 
absent: 2752 ·· .. 

' Intereepi -0,8481 0,1312 0.15 
··,,'-', 

Maxeb -2,5872 0,2459 
Q. ... ,, 

Maxeb2 
.. , 

··· .. 0.10 

Coneerdance 70,60% 
o,a; 

Intereepi -0,9719 0,1124 
Maxfl -2,4457 0,2173 OJXl 

Maxfl2 
0.0 0.1 1),2 Q,3 (),4 o.s o.a OJ' o.a o.e 1.0 1,1 

Coneerdance 71,30% 
a.mrt llllloály(m's) 

Sediment characteristics: median grainsize (gm) 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/Lm 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 Regression Standard error 11,35 
......... m.da:Jta't (<63Jil't 

spp. coefficient - rreda'1 gairá2B (Int 
Q,3J 

present: 172 
absent: 1330 

Intereepi -0,9367 0,1235 
Median 
median2 -0,00005 5,742E-6 
Conoordance 74,1% 

present: 172 
absent: 1214 0.05 

Intereepi -3,1689 0,1772 
Mud 0,1036 0,0130 OJXl 

0 Sl 1(1) 15> l!X) 25) 3(1) 

mucf2 -0,00114 0,000183 sadrra1 daaaaiSic:s 
Coneerdance 7390% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

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

fu the regression model without sediment characteristics, the linear and/or quadratic 
tenns 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 for the binary multiple log is tic regression model, withoutand with sediment 
characteristics included, respectively. 

Polydora Term Regression Standard Term Regression Standard 
spp. coefficient error coefficient error 

Without sediment with sediment 
Presence: 250 presence: 155 

Absence:2577 absence: 1138 

in te reept -4,4166 0,6060 in te reept -5,7512 0,8993 
Temporal salinity 0,2862 0,0742 Temporal salinity 0,4337 0,1258 

Temporal salinity2 -0,00521 0,00218 Temporal salinity2 -0,0107 0,00384 
Model salinity 0,1662 0,0805 Model salinity 0,3275 0,1242 

Model salinity2 -0,00662 0,00224 Model salinity2 -0,00758 0,00361 
Depth2 0,00231 0,000507 Depth2 0,00260 0,000948 
Maxeb2 -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 co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
overa1188,3% ofthe responses correctly (Table 16.4). However, only 34,0% ofthe 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 roodels 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 of 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 sediment characteristics) 

Response Model o/o 
Observed Pm Am Total correct 

Po 85 165 250 34 
Ao 165 2412 2577 93,6 

Total 250 2577 2827 88,3 

0,276 Difference between proportions I 
95%CI -1,000 to 0,326 (normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Polydora spp. (p=0,281) 
(with sediment characteristics) 

Model 
Pm Am Total 

78 77 155 
77 1061 1138 

155 1138 1293 

0,436 

% 
correct 

50,3 
93,2 
88,1 

Difference between proportions I 
95%CI -1 ,000 to 0,503 ( normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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Ecoprofile Pygospio elegans 

ECOPROFILE OF PYGOSPIO ELEGANS 

INTRODUCTION 

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 macrobentruc species observed. 
However, its contribution to the overall macrobenthic biomass is low. 

AUTO·ECOLOGY 

PYGOSPIE ELEGANS I Annelida Polvchaeta 
General 

The polychaete Pygospio elegans is a typical euryhaline species, which enters the estuaries up to the brack:ish 
zones, being very comrnon in the interticlal areas of the Delta area (WOLFF, 1973). P. elegans Jives 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 Crtl in the fonner Zuiderzee (DE Vos, 1936) and salinities down to 3-3,5 g 
Crtl in Finnish waters (LAAKSO, 1968). GREEN (1968) observed P. elegans tolerating salinities down to 1,2 g Cr 
/1 forshort 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 HARTMANN-SCHRÖDER (1971) mentions 
no eertaio preferenee for this species. Also LINKE (1939) states that P. elegans does notprefera eertaio sediment 
type, but the presence of diatoros is of importance. DESPREZet al. (1986) observed an increase in P. elegans with 
increasing mud content. The major part of the individuals of P. elegans Jives in the interticlal 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). lts food consistsof diatoros and smal! green algae. P. elegans also is capable of filter 
feeding by means of a net of mucus threads (FAUCHAID & JUMARS, 1979). 

Popu/ation dynamics and life history 
The reproduetion takes place between February and the end of September, with a peak in June-August 

On average there are two generations per year (WOLFF, 1973). The female produces egg ebains (up to 16 
capsules, each with 50-60 eggs), which are attached to the tube ofthe adult (SCHMIDT, 1951; RASMUSSEN, 1956; 
GUDMUNDSSON, 1985). Only a few larvae per egg capsule develop into larvae; the rest of 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 of a natura! sediment; without such a substratum they may prolong their pelagic life for 
over two months (SMIDT, 1951). Besides sexual reproduction, P. elegans also shows asexual reproduetion 
(MUUS, 1967; HOBSON & GREEN, 1968). 
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Figure 17.2. Geographical distribution mapsof Pygospio elegans in the Schelde estuary with 
presencelabsence data (top) and density (ind m·2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
P. elegans was a typical species of the littoral zone of the Schelde estuary, with an equal 

presence (± 70%) in salinity regions 1 to 3 (Table 17 .1). In the subtictal zone of these salinity 
regions P. elegans showed a decreasing occurrence with increasing depth. In the ~-mesohaline 
zone (salinity region 4) the species was observed less frequently in the littoral zone (35.5%), 
whereas in the subtictal zone the species was relatively more present as compared to the other 
salinity regions. 

Mean biomass and density showed the same pattem, with highest values in salinity region 
3 and very low values bath in salinity region 4 and all subtictal strata (Figure 17.1). The 
geographical distri bution of P. elegans in the Schelde estuary is shown in Pi gure 17 .2. 

Table 17.I. Occurrence (pi a) of P. elegans along the salinity and depth gradients of the Schelde 
estuary. N = numberofobservations (salinity regions: I&2: polyhaline,· 3&4: mesohaline). 

littoral 
undeep subtidal 
deep subtidal 
channel 

2 

73,3 % (n=262) 
12,6% 'n=1 51 ) 
5, 7 % (n=123) 
3,8 % (n=186) 

3 

area 

4 

2 

71,6 % (n= 503) 
10,5 % (n=153) 
5,4% (n=130) 
3,5 % (n=173) 

3 

70,5% (n=485) 
10,2% (n=127) 
3,6 % (n=112) 
6,0 % (n=232) 

2 

area 

4 

35,5 % (n= 287) 
11 ,8 % (n=51) 
16,4% (n=67) 
11 ,4 % (n=70) 

3 4 

!Oiiltoral muncteep subtictal octeep subtictal o channelj s l ittoral suncteep subtictal octeep subtictal ochannel 

Figure 17.I. Mean density (ind m'2) and biomass (g AFDW m'2) of P. elegans along the salinity and 
depth gradient in the Schelde estumy (areas: I &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
P. elegans was equally present in spring and autumn in all salinity regions (Table 17 .2). 

Meao density was in general 1.5-2x higher in autumn as compared to spring, whereas biomass 
values were only slightly higher. 

Table I7.2. Spring (March- May) versus autumn (Augustus- October) occurrence (pla), density (ind 
m-2) and biomass (g AFDW m-2) of P. elegans in the littoral zone ofthe Schelde estuary (salinity 
regions: I &2: polyhaline; 3&4: mesohaline). 

LITTORAL 2 3 4 

Presence Spring 68,0% (n=97) 76,9 % (n= 169) 61 ,9 % (n=147) 39,4 % (n= 33) 
Autumn 77,0 ~s (n=135) 66,1 % (n=218) 71 ,1 % (n=249) 35,1 % (n= 21 4) 

Density Spring 2199 1717 2097 146 
Autumn 3894 2438 4745 93 

Biomass Spring 0,2318 0,1424 0,2228 0,0102 
Autumn 0,2567 0,1493 0,3010 0,0088 
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Macrobenthos Schelde estuary 

RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel 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. 

Pygospio Term Regression Standard error Cl Cl ·········IT!Xtj &llmy 

elegans coefficient 
.. ····•· .. 

(l3; 

: ·. 
Q:D ·. ·. 

present: 926 
absent: 2166 o.z. 

lntercept -0,8590 0,0392 ... 02). 

Temporal salinity 015 

Temporal salinity2 
(l1(). ; 

Conoordance 
na;. 

lntercept -4,5216 0,3745 Q(X)-

Model salinity 0,3878 0,0389 
!0 15 "' 25 :D 35 

Model salinity2 -0,00923 0,000955 süy 
Coneerdance 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. 

Pygospio Term Regression Standard error 0,11) 

elegans coefficient 0,15 

present: 791 
absent: 2083 

lntercept 1,0818 0,0881 
Depth -0,5437 0,0282 
depth2 0,0115 0,00125 
Conoordance 83,60% 

O,CD 
0 !0 15 3J 2S :D 

~(mNIP+2,.5n) 
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Ecoprofile Pygospio elegans 

Maximum ebb and flood current veloeities (m.s-1
) 

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 veloeities with an optimum around 0.15-0.25 m.s-1

, but with a very broad 
tolerance, ~specially in the lower end of the current veloei ties. From a current velocity of 0.5 
m.s-1 onwards, a steep decreasein the probability of occurrence was observed in both models. 

Pygosplo Term Regression Standard error 0.115 
.~-

- ITB<àl 

e/egans coefticient 
Olfl ~ -·'-': .. - ITB<IIcxxl 
0.115 

0,50 

present: 892 Q,A5 ·· ... 
absent: 2145 O.«l 

In te reept 0,0158 0,2155 
(),35 

Maxeb 3,8796 0,9563 
Q.D,.'I) 

Cl,25 

Maxeb2 -8,7569 0,9913 \ 
Cl,lD -...... 

Coneerdance 82,50% 0.15 · .. 
0.10 

lntercept 0,3586 0,1637 o.o; -.... ~ ... ,._ 
Maxfl 1,6555 0,7689 0.00 

0,0 0.1 (),2 o.s o.• o.s o,l OJ o,l (),11 1P 1,1 
Maxfl2 -5,9637 0,7836 amrtlllllccity(m's) 
Coneerdance 8360% 

Sediment characteristics: median grainsize (gm) 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 p.m. However, P. elengans showed a 
relatively broad toleranee and only in very coarse sediments the chance of observing this 
species was very small. 

Pygosplo Term Regression Standarel error 0/fl - rreclal gainlim (Int 

elegans coefficient Q,S6 

0,50 

Q,A5 

present: 547 o.«l 

absent: 955 (),35 

lntercept -1,4216 0,2472 Q.D,.'I) 

Median 0,0267 0,00374 Cl,25 

median2 -0,00011 0,000013 Qll) 

Coneerdance 74,30% 0.15 

present: 7 44 0.10 

absent: 642 o.o; 

lntercept -0,4733 0,0552 0.00 
9) 1CD 15! 3X) ZD SJ) :11) 

Mud li8Cin'Bt daaclllli!i1its 
mud2 
Coneerdance 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available fora 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 Iinear and quadratic term of depthand 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 linearand 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 for the binary multiple Zo gistic regression model, without and with sediment 
characteristics included, respectively. 

Pygospio Term Regression Standard Term Regressio Standard 
elegans coefficient error n error 

coefficient 
without sediment With sediment 

Presence: 773 Presence: 492 
absence:2054 Absence:910 

lntercept -5,2640 0,4876 intercept -7,5609 0,7049 
Model salinity 0,6872 0,0539 Model salinity 0,9682 0,0866 

Model salinity2 -0,0156 0,00135 Model salinity2 -0,0213 0,00226 
Depth -0,3914 0,0393 Depth -0,4163 0,0609 

Depth2 0,0103 0,00133 Depth2 0,0125 0,00198 
Maxeb2 -1,0291 0,3782 Maxfl -3,1578 0,4176 

Maxfl2 -2,3810 0,2974 Median 0,0102 0,00513 
Median2 -0,00006 0,000015 

Coneerdance 90,3% concordance 91,5% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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). 

152 



Ecoprofile Pygospio elegans 

Table 17.4. Comparative staristics on the prediered and observed occurrence of 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 
prediered by the model; Am =Absent prediered by the model). Fisher exact one-tailed test 
( observed !)y model: Po<Ao ). 

Response 
Observed 

Po 
Ao 

Total 

Pygospio elegans (p=0,50) 
(without sediment characteristics) 

Model 
Pm Am Total 

585 188 n3 
188 1866 2054 
n3 2054 2827 

0,665 

% 
correct 

75,7 
90,8 
85,6 

Ditterenee between proportions I 
95%CI -1,000 to 0,693 (normal approximation) 

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

Pygospio elegans (p=0,353) 
(with sediment characteristics) 

Response 
Observed 

Po 
Ao 

Total 

Model 
Pm 

350 
142 
492 

0,555 

Am Total 
142 492 
768 910 
910 1402 

% 
correct 

71,1 
84,4 
79,7 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,594 ( normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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Ecoprofile Scrobicularia plana 

ECDPROFILE OF SCROBICULARIA PLANA 

INTRODUCTION 

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 macrobentbic biomass in the estuary. 

AUTO·ECOLOGY 

SCROBICULARIA PLANA (Da Costa, 1778) I Mollusca. Bivalva 
General 

S. plana is a common, euryhaline bivalve species. Severe winters can cause huge mortality in the populations. 
Aftersevere winters there is however in general a large reeruitment (ESSINK et al., 1991). 

S. planais living in a vertical position in the substrate, to a maximal depthof 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 sipbon 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 planais a euryhaline species (GUERIN, 1961). With large fresh waterinflux shells are 
closed. In the Delta area S. plana inhabits a large range of salinities. It bas been found at salinities pennanently 
over 16,5 g Clïl, as wellas at about 11 g Crtl at high tide in the Westersehelde (WOLFF, 1973). 

Sediment: S. plana is most abundant in fine sediments (muddy sand I soft mud) high in the intertirlal area 
(DANKERS & BEUKEMA, 1981; SPOONER & MORE, 1940; WOLFF, 1973); subtidally the species is confined to the 
upper part (RASMUSSEN, 1973; WOLFF, 1973). More important than sediment type and height as distribution 
detennining factors is the presence of a waterfurn on the flat during low tide (GUÉRIN, 1961; REICHERT & 
DöRJES, 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 of food particles (HUGHES 1969; REICHERT & DöRJES 1980). The 
inhalating sipbon is held 5-8 cm out of the sediment, where it moves round and round (ZWARTS et al. 1994). 
Since S. planais most abundant in anaerobic sediments, sulphur bacteria (4-40 p.m) are an important food source. 
The availability of food is an important factor that detennines growth in a significant way (WORRALL & WIDOWS 
1983; WORRA.ll. et al. 1983). Besides deposit feeding, S. plana can also behave as a filter feeder: when the 
sediment is inundated, the sipbon is retracted to proteet it against predators and to take up particles from the 
water column. Deposit feeding activity decreases in November and remains low until bottorn temperatures rises 
above7°C. 

Popu/ation dynamics and life history 
S. planais a gonochoristic species with camparabie numbers of male and females (HUGHES, 1971). 

Hermaphrodites are scarce (PAES-DA-FRANCA, 1956). S. plana becomes sexually mature in its second summer, at 
a size of approximately 20 mm. Maturation of gametes starts in April when bottorn 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 reeruitment is irregular and bas only one cohort per year. In the latter areas, 
especially in the Wadden Sea, reeruitment may be absent for several years (ESSINK et al., 1990). In southem 
populations along the Atlantic ocean (south ofBrittany), ripe gametes are found the whole year round, resulting 
in two or three distinct spawning periods (PAES-DA FRANCA, 1956; EsSINK et al., 1990). Sperma-tozoids are 
released through the exhalating siphon, to disperse into the watercolumn. Spawning in rnales is synchronised and 
takes about 15 minutes. 1t 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. planais 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- farms the visual stimulusforthese birds (HUGHES, 1970). Other predators of S. plana are fishes 
(Pleuronectes platessa, Gadus morhua, Anguilla anguilla, ... ) and crabs. Very often, they can only takepartsof 
the sipbon ('cropping') which regenerates quickly (HODGSON, 1981). However, sipbon predation bas several 
negative consequences (HODGSON, 1982; ZWARTS, 1986). 
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SCROBICULARIA PLAN 
occurrence 
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Figure 18.2. Geographical distribution mapsof Scrobicularia plana in the Schelde estuary with 
presence/absence data (top) and biomass (g AFDW m-2) data (bottom). 
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Ecoprofile Scrobicularia plana 

ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
S. plana occurred only in the polyhaline (salinity regions 1 and 2) and cx.-mesohaline 

(salinity region 3) zone, with the highest occurrence in salinity region 1 (Table 18.1). In the ~
mesohaline zone (salinity region 4) the species was nearly completely absent. S. plana was 
only observed in the littoral zone, being almest completely absent in the subtictal zone. 

Both mean biomass and density was highest in salinity region 1, and decreased towards 
salinity region 4 (Figure 18.1). Although not frequently observed, the mean biomass of S. 
plana contributes substantially to the overall macrobenthic biomass in the estuary. The 
geographical distribution of S. plana in the Schelde estuary is shown in Figure 18.2. 

Table I8.1. Occurrence (pla) of S. plana along the salinity and depth gradients of the Schelde 
estuary. N= numberofobservations (salinity regions: I&2: polyhaline; 3&4: mesohaline). 

2 3 4 

Littoral 34,4 % (n=262) 20,7% (n= 503) 20,0 % (n=485) 2,4 % (n= 287) 
undeep subtidal 1,3% 'n=151) 0,7 % (n=1 53) 0,8 % (n=127) 0% (n=51) 
deep subtidal 0% (n=123) 0 % (n=130) 0,9% (n=1 12) 0 % (n=67) 
channel 0,5 % (n=186) 0% (n=173) 0,4 % (n=232) 1,4 % (n=70) 

4.----------------

( : m.· 1------l 

0 f-L-I~:I~..l...l.fl----,...Jo'"""----.-----l 
2 3 4 2 3 4 

area area 

g:Jfittoral eundeep subtictal odeep subtictal o channel olittoral t::~undeep subtidal odeep subtidal o channel 

Figure 18. I. Mean density (ind m'2) and biomass (g AFDW m·1) of S. plana along the salinity and 
depth gradient in the Schelde estuary (are as: I &2: polyhaline; 3 &4: mesohalin.e). 

Seasonal variations: spring versus autumn occw-rence 
The littoral occurrence and density of S. plana were cernparabie between spring and 

autumn in all salinity regions, except for somewhat higher values in autumn in salinity region 
2 (Table 18.2). Mean biomass was higher in autumn in all salinity regions. 

Table 18. 2. Spring (March- May) versus autumn. (Augustus - October) occurrence 
(presence/absence), density (ind m'2) and biomass ( g AFDW m'1) of Scrobicularia plana in the littoral 
zone ofthe Schelde estuary (salinity regions: I &2: polyhaline; 3&4: mesohaline). 

LITTORAL 2 3 4 

Presence Spring 30,9 % (n=97) 14,8% (n= 169) 17,0% (n=147) 0% (n= 33) 
Autumn 31,9% (n=135) 23,9% (n=218) 19,7% (n=249) 3,3 % (n= 21 4) 

Density Spring 170 15 25 0 
Autumn 112 110 35 2 

Biomass Spring 2,91 1,01 0,55 0 
Autumn 3,28 1,96 1 '15 0,04 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) VARIABLE 

Alogistic regressionmodel 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 Regression Standard error -191lJ0r81 sii1ty 

plans coefficient ..••••..• rrodel Biity 

0.15 

present: 243 
absent: 2869 

lntercept -3,1038 0,1361 Q10 

Temporal salinity 
Q. 

.·· •. 

Temporal salinity2 -0,00143 0,000242 
Conoordance 60,50% Q(r; 

lntercept -7,5441 0,9343 
Model salinity 0,4355 0,0878 0.00 

10 15 lD 25 "" .. 
Model salinity2 -0,00865 0,00200 sSirily 

Conoordance 5780% 

Depth 
Both the linear and quadratic term were included in the depth model, resulting in an 

unimodal response curve forS. 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 decreasein 
probability of occurrence with increasing depth, but also in the higher intertictal zone the 
probability of occurrence of S. plana was small. 

Scrobicularis Term Regression Standard error (12; 

plans coefficient 
(\ 

QlD-

present: 188 
absent: 2686 0.15 

lntercept -3,3876 0,3577 
Depth 2,3558 0,3900 Q. 

depth2 -0,6535 0,1011 0.10 

Conoordance 86,40% 
0,(15 

(IQ) \ 
0 10 15 m 2l "" 

~ (mNIIP+2,!trl 
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Ecoprofile Scrobicularia plana 

Maximum ebb and flood current veloeities (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. 

Scrobiculsris Term Regression Standard error 0,3) 
- II'IIICIIb 

plans coefficient - II'IIICIIa:d 
0,)!5 

present: 237 
absent: 2800 

lntercept -2,4124 0,3952 Q. 0,15 

Maxeb 10,3366 2,3785 
Maxeb2 -20,5947 3,3339 0,10 

Coneerdance 83,30% 
o,tll 

lntercept -2,7641 0,3202 
Maxfl 11,3836 1,9979 o,m 

Maxfl2 -21,0065 2,8975 
0.0 0.1 Q,2 Q3 0,4 o.s o,e o;r o,e (1,11 Ul 1,1 

Coneerdance 8270% 
amn ..eoaty (m's) 

Sediment characteristics: median grainsize (gm) 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 
unimoeial response curves for median grain size with an optimum at ± 80 /LID and for mud 
content with an optimum at 47 %. Especially in coarser sediments the probability of observing 
S. plana became very small. 

Scrobiculsrls Term Regression Standard error 0,)!5 
""""'nW cx:rwt (< 63161'0 

plans coefficient - meda'l gaÎI1!i28 (l.nl 

Q,3) 

present: 131 
absent: 1371 0,15 

intercept -2,3574 0,4123 
median 0,0235 0,00792 Q. 

median2 -0,00015 0,000034 0,10 

coneerdance 77,40% 
present: 124 o,tll 

absent: 1262 
intercept -3,5404 0,2092 

0.00 mud 0,0967 0,0147 0 !D tal 1!D :m 21) :m 
mud2 -0,00102 0,000202 8IICiml't d aa::&iiá:s 

coneerdance 74,10% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available fora 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. Results for the binary multiple Zo gistic regression model, withoutand with sediment 
characteristics included, respectively. 

Scrobiculsris Term Regression Standard Term Regression Standard 
plans coefficient error coefficient error 

without sediment With sediment 
presence: 186 Presence: 1 08 
absence: 2641 Absence: 1185 

intercept -4,5367 0,5469 lntercept -4,6465 0,8574 
Temporal salinity2 0,00266 0,000371 Temporal salinity2 0,00296 0,000561 

Depth 1,6149 0,4132 Maxeb2 -3,0796 1,3788 
Depthz -0,4312 0,1004 Maxfl 28,6043 5,5262 
Maxeb -2,n82 0,7596 Maxfl2 -45,3814 8,6444 

Maxfl 13,5840 3,1460 Median -0,0112 0,00217 
Maxfl2 -21,0666 4,3857 

coneerdance 91,9% Coneerdance 89,4% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 roodels 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 18.4. Comparative stafistics on the predicted and observed occurrence of 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 ). 

Response 
Observed 

Po 
Ao 

Total 

Scrobicularia plana (p=0,283) 
(without sediment characteristics) 

Model 
Pm Am Total 

82 104 186 
104 2537 2641 
186 2641 2827 

0,401 

% 
correct 

44,1 
96,1 
92,6 

Ditterenee between proportions I 
95%CJ -1,000 to 0,462 (normal approximation) 

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

Response 
Observed 

Po 
Ao 

Total 

Scrobicularia plana (p=0,231) 
(with sediment characteristics) 

Model 
Pm Am Total 

56 52 108 
52 1133 1185 

108 1185 1293 

0,475 

% 
correct 

51,9 
95,6 
92,0 

Ditterenee between proportions I 
95%CI -1,000 to 0,554 (normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROFILE OF SPIO SPP. 

INTRODUCTION 

The distinction between the different species of the genus Spio is very difficult. Most 
species were detennined as Spio .filicomis 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 13-mesohaline zone 
( salini ty region 4) of the Schelde estuary. Spio spp. was observed both in the littoral zone as in 
all depth strata of the subtictal zone, with the subtictal zone becoming relatively more 
important in salinity region 3. Mean biomass and density were very low and did not show 
clear pattems. 

AUTO-ECOLOGY 

SPJOSPP. I Annelida Polvchaeta 
General 

The distinction between the different species of the genus Spio is very difficult. Most species were 
determined as Spio filicomis and Spio martinensis but several individuals were not always determined at species 
level. Therefore, all individuals belonging to the genus Spio were Iumped to Spio spp. 

Spio is a very opportunistic species. The warms 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 penetrales far into the 

estuaries (WOLFF, 1973). The limit of its occurrence is formed by the isohaline of 10 g Crll 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, wel! sorted sediments (WOLFF, 1973). The species 
is wel! adapted to unstable sediments. For S. setosa, an American species, a preferenee for medium to coarse 
sand, aften mixed with shell, large cobbles, and small boulders was observed (DAUER et al., 1981). 

Feeding 
S. martinensis is a suspension-feeder as wellas a selective deposit-feeder (WOLFF, 1973). S. setosa, an 

American species, fed on bath suspended (including resuspended) and deposited particles and increased their 
feeding rate in the presence of a current transporting suspended particles (DAUER et al., 1981). Most of the 
polychaetous annelids of the farnily Spionidae feed at the sediment-water interface with a single pair of 
tentaculate palps. They are mostly classified as bath deposit- and suspension-feeders (e.g. FAUCHALD & JUMARS, 
1979, TAGHON et al., 1980). 

Population dynamics and life history 
As an opportunistic species, Spio spp. reproduces already after 2 to 8 months, bas 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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SPIOSPEC. 
occurrence 

spresence (401) 
·absence (2711) 

Figure 19.2. Geographical distribution mapsof Spio spp. in the Schelde estuary with 
presence/absence data (top) and density (ind m·2) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

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 cornpietely absent in the ~-mesohaline zone 
(salinity region 4) (Table 19.1). Spio spp. was observed both in the littoral zone as in all depth 
strata of the subtictal zone, with the subtictal zone becoming relatively more important in 
salinity region 3. 

Mean biomass and density were very low and did notshow clear pattems (Figure 19.1). In 
salinity region 1 the undeep subtictal had the highest biornass and density, whereas in salinity 
region 2 and 3 the deep subtictal and the channel had relatively the highest density and 
biornass. The geographical distribution of Spio spp. in the Schelde estuary is shown in Figure 
19.2. 

Table 19.1. Occurrence {pla) of Spio spp. along the salinity and depth gradients ofthe Schelde 
estuary. N = number of observations (salinity regions: 1 &2: polyhaline; 3&4: mesohaline). 

2 3 4 

littoral 20,2 % (n=262) 8,5 % (n= 503) 3,5% (n=485) 0 % (n= 287) 
undeep subtidal 33,1% 1n=151 ) 16,3 % (n=1 53) 15,0 % (n=127) 0% (n=51) 
deep subtidal 26,0% (n=123) 20,0 % (n=130) 17,0% (n=112) 0% (n=67) 
channel 12,9 % (n=186) 1116 % (n=173) 31,5 % (n=232) 0% (n=70) 

Ë 0~~~:~ 
~ 0,015 

t: J_b] rJh :dl~----~ 
0 , , I I 

2 3 4 2 3 4 

area area 

olittoral c undeep subtidal o deep sublidal o channel olittoral e undeep subtidal o deep subtidal ochannel 

Figure 19.1. Mean density (ind m-2) and biomass (g AFDW m-2) of Spio spp. along the salinity and 
depth gradient in the Schelde estuary (are as: 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 m'2) of Spio spp. in the subtidal zone of 
the Schelde estuary ( salinity regions: 1 &2: polyhaline,· 3 &4: mesohaline). 

SUBTIDAL 2 3 4 

Presence Spring 9,6 % (n=187) 4,4 % (n= 203) 0,7% (n=1 40) 0% (n= 33) 
Autumn 32,5 % (n=268) 25,5 % (n=243) 33,2 % (n=331) 0% (n= 155) 

Density Spring 10 5 0,5 0 
Autumn 110 57 69 0 

Biomass Spring 0,002 010034 0,00007 0 
Autumn 0,013 010088 0,012 0 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. 

Model salinity and temporal salinity 
Both the linearand 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. Downwarcts a salinity of 20 psu, a steep decline in the 
probability of occurrence was observed. 

Spiospp. Term Regression Standani error ().3) 

coefficient 
-~s;Wity 
-··· .... rro:tl sairity 

present: 401 
0.25 

absent: 2711 = lntercept -11,6328 1,0660 
Temporal salinity 0,8162 0,0958 QIS 

Temporal salinity2 -0,0158 0,00211 Q. 

Conoordance 72,10% 0.10 

lntercept -8,8219 0,9056 QCI5 

Model salinity 0,5793 0,0826 ..... ·· 
Model salinity2 -0,0113 0,00183 0.00 

conoordance 6180% 0 

Depth 
Both the Iinear 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 toleranee for depth, as was 
already indicated by Table 19.1. 

Spiospp. 

present: 390 
absent: 2484 

Term 

intercept 
depth 
depth2 
conoordance 

Regression Standard error 
coefficient 

·2,8752 
0,2436 

-0,00872 
64,20% 

0,1369 
0,0295 

0,00131 Q. 
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Maximum ebb and flood current veloeities (m.s-1
) 

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 veloeities there was a small drop in probability of 
oecurrence of Spio spp. Of all common spionid species in the Schelde estuary, Spio spp. 
clearly preferred the highest current veloei ties. 

025 Spiospp. Term Regression Standard error - 11'SXeb 

coefficient ··-- · .. ITSX IIood 

Present: 399 
..,., ~------,"..~.. ......... .... 

absent: 2638 
lntercept -3,5240 0,2894 0,15 

Maxeb 5,0769 0,8758 Cl 

Maxeb2 -3,2829 0,6114 0,10 

Coneerdance 58,70% 
... 

/ 
Q,05 

lntercept -4,2677 0,2748 
/ 

Maxfl 7,1850 0,7985 ...., 
Maxfl2 -4,4092 0,5388 0.0 0.1 0,2 ""' ... ... ... 0.1 ... 1),8 1.0 I, I 

Concordance 6380% QJITMI.eocity (m's) 

Sediment characteristics: median grainsize (gm) 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 unirnadal 
response curves for median grain size with an optimum at ± 200 JLm. For mud content the 
probability of occurrence decreased gradually with increasing mud content. 

Spiospp. Term Regression Standard error Q2l 
····· ···· m.d<XJ'181 (< 63JI'It 

coefficient -11'11d<rliJlÎIÛ2B (tn1 

present: 170 ..,., 
absent: 1332 

intercept -6,7564 0,7407 
1).15 

median 0,0523 0,00798 
median2 -0,00013 0,000021 Cl. 

coneerdance 70,10% (110 

present: 169 
absent: 1217 O.CI5 

intercept -1 ,1985 0,1183 : 

mud -0,0925 0,0187 ..... ·· 
mud2 0,00074 0,000296 Cl 

0 !I) 1(X) IS) zo 2Sl 3Q) 

concordance 6970% 8lárert d aidaiStics 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regressûm 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 regressionmodel without sediment characteristics, only the linearand quadratic 
terros 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 for the binary multiple log is tic regression model, without and with sediment 
characteristics included, respectively. 

Spiospp. Term Regression Standard Term Regression Standard 
coefficient error coefficient error 

without sediment with sediment 
presence: 388 Presence: 169 
absence:2439 Absence: 1124 

intercept -12,8212 1,2161 lntercept -17,1183 2,8417 
Temporal salinity 0,6477 0,1445 Temporal salinity 1,1932 0,2422 

Temporal salinity2 -0,00738 0,00317 Temporal salinity2 -0,0151 0,00535 
Model salinity 0,3082 0,1246 Model salinity2 -0,00635 0,00114 

Model salinity2 -0,0115 0,00281 Maxfl 6,0268 1,4107 
Maxfl2 -2,7218 0,8959 

Median2 -0,00003 6,254E-6 
Mud -0,1292 0,0274 

Mud2 0,00146 0,000423 

conoordance 79,5% conoordance 91,0% 

Percent co"ect predictUms 

The logistic regression model, without sediment characteristics, included, prediets 
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 roodels 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 stafistics on the prediered and observed occurrence ofSpio spp. in 
the Schelde estuary basedon 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 ). 

Splo spp. (p=0,281) 
(without sediment characteristics) 

Response Model % 
Observed Pm Am Total correct 

Po 151 237 388 38,9 
Ao 237 2202 2439 90,3 

Total 388 2439 2827 83,2 

0,292 Ditterenee between proportions I 
95%CI -1,000 to 0,334 (normal approximation) 

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

Spio spp. (p=0,411) 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po 103 66 169 
Ao 66 1058 1124 

Total 169 1124 1293 

0,551 

% 
correct 

60,9 
94,1 
89,8 

Ditterenee between proportions I 
95%CI -1 ,000 to 0,614 ( normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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ECOPROALEOF~YX~OM 

INTRODUCTION 

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 subtirlal zone, being situated between the other spionids P. elegans (a 

more littoral species) and Spio spec. (a more subtictal species). In the mesohaline zoneT. 
marioni was nearly completely absent. Mean biomass and density were by far highest in the 

littoral zone of salinity region 1. 

AUTo-ECOLOGY 

THARYX MARION I (SAINT-JOSEPH, 1894) I Annelida, Polychaeta 

General 
Tharyx marioni is a smal!, euryhaline polychaete which can be observed from the eulittoral rone to a depth of 

5000 m (HARTMANN-SCHRÖDER, 1971). T. marioni Jives in the upper 5 cm of the sediment in non permanent 
burrows and can perfarm a high intensity of digging. 

Habitat preferences 
Salinity: T. marioni is categorised as an euryhaline species (WOLPF, 1973). In the Westersehelde the 

species is found at a salinity of 7-8 g crn (WoLFF, 1973). 
Sediment type and vertical distribution: T. marioni prefers less well sorted, muddy sediments (WOLFF, 

1973). Also SOUTIIWARD (1957) and GmBS (1969) describes thesediment preferenee of T. marioni as mud and 
muddy sand. On the other hand, I!ARTMANN-SCHRÖDER (1971) recorded the species alsoffrom coarse sands with 
pebbles and stones. The vertical distribution of T. marion i ranges from the upper part of the intertictal zone down 
toa depth of25 m (WOLFF, 1973). 

Feeding 
T. marioni is a non selective deposit feeder (WOLFF, 1973). 

Popullltion dynamics and life history 
T. marioni is capable of reproducing several times per year, but the fust reproduetion takes place at the 

end ofthe second year of its life (GmBs, 1971; FARKE, 1979). DALES (1951a) mentions egg deposition in the 
sand, after which the hatched larvae immediately burrow themselves and therefore do not know any pelagic Iife 
cycle (Gmas, 1971; FARKE, 1979). However, according tol!ARTMANN-SCHRÖDER (1971) the larvae are indeed 
pelagic. 
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THARYX 
occurrence 

epresence (480) 
·absence (2632) 

THARYX MAR/ON/ 
biomass (g AFDW/m') 

~ 
@ 0.6 

Figure 20.2. Geographical distribution maps ofTharyx marioni in the Schelde estuary with 
presencel absence data (top) and biomass ( g AFDW m-2

) data (bottom). 
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ÜCCURRENCE IN THE SCHELDE ESTUARY 

General occurrence in relation to salinity and depth 
Tharyx marioni showed 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). However, the species was not completely absent in the 
subtictal zone, being situated between the other spionids P. elegans (a more littoral species) 
and Spio spp. (a more subtictal 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 (Figure 20.1). The undeep subtictal zone of salinity region 1 and the littoral 
zone of salinity region 2 had camparabie values for both biomass and density. In the other 
zones biomass and density were very low. The geographical distribution of T. marioni in the 
Schelde estuary is shown in Figure 20.2. 

Table 20.1. Occurrence (p/a) ofT marioni along the salinity and depth gradients ofthe Schelde 
estuary. N = number of observations (salinity regions: I &2: polyhaline; 3&4: mesohaline). 

2 3 4 

littoral 50,8 % (n=262) 42,0 % (n= 503) 5,0 % (n=485) 0.4 % (n= 287) 
undeep subtidal 21,2% 'n=151) 9,8 % (n=153) 4,7% (n=127) 1,9%(n=51) 
deep subtidal 13,0 % (n=123} 6,9 % (n=130} 0,9 % (n=112) 0,0% (n=67} 
channel 5,4 % (n=186) 9,8% (n=173} 1,7% (n=232) 0,0% (n=70) 

Ë ~=~-
i ::00 +-.L=·~I===---=-=~-=-=,...-~-=-=---=-=-~-=-=---=-=---=-=---=-=---=-=---=-=-----j~ --~ ,I L 
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o~~--~.~0~--~----~-----i 
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o littoral o undeep subtidal o deep subtidal o channel · o littoral m undeep subtidal o deep subtidal o channel 

Figure 20.I. Mean density (ind m'2) and biomass (g AFDW m"2) ofT marioni along the salinity and 
depth gradie1zt in the Schelde estuary (are as: I &2: polyhaline; 3&4: mesohaline). 

Seasonal variations: spring versus autumn occurrence 
T. marioni was equally present in spring and autumn in all salinity regions (Table 20.2). In 

salinity region 1 mean density doubled in autumn, whereas in salinity region 2 only a slight 
increase was noticed. Biomass values were comparable. 

Table 20.2. Spring (March- May) versus autumn (Augustus- October) occurrence (pla), density (ind 
m·2) and biomass (g AFDW m"2) ofT marioni in the littoral zone ofthe Schelde estuary (salinity 
regions: 1 &2: polyhaline; 3 &4: mesohaline). 

LITTORAL 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 

Biomass Spring 0,2664 0,0775 0,0230 0,000025 
Autumn 0,3095 0,0669 0,0014 0 
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RESPONSE CURVESFORA SINGLE ABIOTIC (EXPLANATORY) V ARIABLE 

Alogistic regressionmodel for binary (presence/absence) data was performed. Only at 
densities > 50 ind m~ 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 - B1'JD8 S!irity 

marion i coefficient Q2i ......... mxit SÜ"ity 

present: 377 
absent: 2735 

lntercept -5,0642 0,5397 Q15 

Temporal salinity 0,2131 0,0542 Q. 

Temporal salinity2 -0,00278 0,00131 Q10 

Coneerdance 68,4 
Q(!j 

lntercept -20,4502 2,0632 
Model salinity 1,4531 0,1688 Q 

Model salinity2 -0,0273 0,00341 0 10 15 lJ) 25 3) 35 

Coneerdance 70,10% äily 

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). 
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Maximum ebb and flood current veloeities (m.s-1
) 

Both the linear and quadratic terms were included in the maximum ebb and flood 
current velocity models. This resulted in unimorlal response curves for maximum ebb and 
flood current velocity with an optimum around 0.35 and 0.30 m.s·1 respectively. 

Tharyx Term Regression Standard e"or Q,30 
- II'B(eb 

marion i coefficient 
(),25 

present: 360 
absent: 2677 

lntercept ·2,7354 0,3166 Q. 0.15 

Maxeb 9,7184 1,5009 
Maxeb2 -13,9420 1,6792 0.10 

Conoordance 78,50% 
Ql!i 

lntercept -1,8410 0,2164 
Maxfl 5,1387 1,0834 0.00 

0.0 0.1 Cl;! D,3 ~ o,5 o,a 0) o,a 0,11 11l 
Maxfl2 -8,6742 1,1839 o.mn III!IOOiy (m's) 
Conoordance 7730% 

Sediment characteristics: median grainsize Cum) and mud content(%) 

1,1 

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 
unimorlal response curves for median grain size with an optimum at ± 100 tLm and for mud 
content with an optimum of 35%. However, T. marioni showed a relatively broad toleranee 
and only in very coarse sediments or sediments with a very high mud content the probability 
of observing this species was very small. 

Tharyx Term Regression Standard e"or - rre:ia1 gárriz8 (ln1 

marion i coefficient ....•...• m.dCXJ"'S'' (c&IJI11 

present: 208 
absent: 1294 

lntercept -2,4274 0,3442 
Median 0,0225 0,00546 
median2 -0,00011 0,00002 
Conoordance 68,90% 0.10 

present: 199 
absent: 1187 o.os 

lntercept -2,5818 0,1467 
Mud 0,0961 0,0129 0.00 

0 Sl 10) 1Sl 31) 2D :m 
mud2 -0,00133 0,000202 sedmrtdaa:Hi9ili 
Conoordance 69,80% 
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MULTIPLE STEPWISE LOGISTIC REGRESSION 

Binary logistic regression model 

A multiple stepwise logistic regression was run with all abiotic variables together. 
Since sediment characteristics were only available fora 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. Resultsfor the binary multiple logistic regression model, withoutand with sediment 
characteristics included, respectively. 

Tharyx Term Regression Standard Term Regression Standard 
marionl coefficient error coefficient error 

without sediment with sediment 
presence: 311 Presence: 175 
absence:2516 Absence: 1118 

lntercept -19,0210 2,5408 lntercept -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 -O,Q157 0,00190 

Conoordance 90,2% concordance 93,1% 

Percent co"ect predictions 

The logistic regression model, without sediment characteristics, included, prediets 
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 basedon 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). 

Response 
Observed 

Po 
Ao 

Total 

Tharyx marioni (p=0,397) 
(without sediment characteristics) 

Model 
Pm Am Total 

162 149 311 
149 2367 2516 
311 2516 2827 

0,462 

% 
correct 

52,1 
94,1 
89,5 

Oifference between proportions I 
95%CI -1 ,000 to 0,509 ( normal approximation) 

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

Tharyx marioni (p=0,378) 
(with sediment characteristics) 

Response Model 
Observed Pm Am Total 

Po 119 56 175 
Ao 56 1062 1118 

Total 175 1118 1293 

0,630 

% 
correct 

68 
95 

91,3 

Difference between proportions I 
95%CI -1 ,000 to 0,689 ( normal approximation) 

Fisher exact test: 1-tailed pI <0.0001 (exact) 
(observed by model: Po<Ao) 
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External validation Oostersehelde 

External validation of the 'response curve' regression roodels from the 
Schelde estuary in another coastal area, the Oostersehelde 

INTRODUCTION 

In order to examine the suitability or the predictive power of the obtained 'response 
curve' modelsin other estuarine or coastal areas, a preliminary validation was performed on 
macrobenthos data of the Oosterschelde. As the Oostersehelde 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. 

MATERIAL & METHODS 

The abiotic environment of the Oostersehelde 
A large scale coastal engineering project has been carried out in the southwest of the 

Netherlands toproteet the Delta area of the Rhine and Meuse from flooding.lt has resulted in 
several former estuaries being closed off from the North Sea and the Oostersehelde being 
partially closed by a storm-surge harrier. These engineering works were completed in 1987. 
The construction of the storm-surge harrier and the campartment dams on the northem and 
eastem boundaries of the estuary changed some of the abiotic characteristics. As a result, the 
Oostersehelde can not be considered anymore as a 'true' estuary, but rather a coastal basin, 
characterised by a stabie high salinity (very low freshwater load) in the whole area and small 
nutrient loads with very low concentrations of suspended matter. Sediments in the 
Oostersehelde are overall relatively sandy with a low silt content. 

Therefore, it can be concluded that the Oostersehelde 'coastal basin ' ecosystem is 
quite different from that of the Schelde 'estuarine' ecosystem. 

Macrobenthos data on the the Oostersehelde 
Data on macrozoobenthos were available from two different datasets. A first dataset, 

the Interecos campaign of 1989, contained 300 sampling locations, sampledon three different 
intertictal flats of the Oostersehelde in August 1989 (MEIRE et al., 1994). The 305 sampling 
locations were distributed over different, predefined strata according to a stratified random 
sampling strategy (VAN DER MEER 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 differentsaltwater 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 harrier (mouth) of the estuary, one in the 
northem branch of the estuary and one in the southem branch of the estuary (CRAEYMEERSCH, 
1999). In each subarea, four depthstrata were defined (see Material & Methods for the 
Westersehelde 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 Oostersehelde was characterised by a very stabie salinity, with no clear seasonal 
differences, 'temporal salinity' was set equal to 'model salinity'. At all subtirlal stations, depth 
was recorded at the time of sampling. The height of the intertirlal stations was for some 
stations measured directly in the field, but for far the most the height was obtained from a 
Geographical lnformation 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 Oostersehelde sampling occasions. As only a 
very limited dataset on sediments were available, only the regression roodels without sediment 
characteristics were used. 

Predictions of species responses on these sampling occassions were compared to the 
really observed presencel absence data analogous to the procedure foliowed 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). 

RESULTS 

Abiotic characterisation of the Oostersehelde sampling occassions 
The Oostersehelde 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 ofthe two 
branches of the estuary a somewhat lower salinity was observed, but the whole Oostersehelde 
was situated in the polyhaline zone, and therefore resembles the salinity region 1 of the 
Schelde estuary. As the river runoff to the Oostersehelde is neglictable, only slight seasonal 
differences in salinity were observed, resulting in an almost stabie 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 veloeities were lower as compared to the Schelde 
estuary, with higher mean values under flood conditions. Current veloeities were lower in the 
intertirlal zone as compared to the subtirlal zone, with 0.16/0.26 (ebb/flood) and 0.28/0.43 
(ebblflood) respectively. Basedon the median grain size, the Oostersehelde 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. Mean, minimum and maximum ofsome abiotic variables in the Oostersehelde (cu"ent 
veloeities in m.s·1, median grain size in p.m, and mud content in volume%). 

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 of the Oostersehelde macrobenthos 
The Oostersehelde 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 macrobentbic community. Therefore, species composition was most similar 
with that of salinity region 1 (polyhaline zone) of the Schelde estuary. 

In the intertirlal zone of the Oostersehelde 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 intertirlal macrobentbic community was dominated by Oligochaeta, Hydrobia 
ulvae, Pygospio elegans, Tharyx marioni and Scoloplos armiger. In terms of biomass, 
Ce rastodenne edule was by far the most important species. Besides this species, Arenicola 
marina, Macoma balthica, Hydrobia ulvae, Nereis spp.ldiversicolor, and Scoloplos armiger 
were the most important species. Some clear differences were observed between the Interecos 
intertirlal campaign of 1989 and the intertictal Biomon data of the period 1994-1997. Several 
species showed a clear decreasein presence, density and biomass (e.g. Scoloplos armiger, 
Macoma balthica, Cerastoderma edule, Heteromastusfiliformis). The occurrence ofthe 
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 intertirlal macrobentbic community of the Oostersehelde showed a similar 
dominanee in biomass of Cerastoderma edule as the polyhaline zone of the Schelde estuary 
(salinity region 1) and a similar dominanee 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 
pattems reflected the more sandy habitats in the Oostersehelde as compared to the more 
muddy sediments of the Schelde estuary. 

In the subtidal zone of the Oostersehelde most common species were Scoloplos 
armiger, Nephtys hombergii and Spiophanes bombyx (Table 2). In termsof 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) ofthe most important 
macrobenthic species in the Oostersehelde for the Interecos intertidal dataset ( autumn 1989 ), the 
Biomon intertidal dataset (springlautumn 1994-1997) and the Biomon subtidal dataset 
(springlautumn 1994-1997). 

Interecos interticlal dataset Biomon interticlal dataset Biomon subticlal dataset 
autumn 1989 (n=300) spring/autumn 1994-1997 (n= 210) springlautumn 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 fili 43.3 132 0.383 14.3 20 0.033 6.2 9 O.Dl1 
Hydrulva 32.7 1058 0.844 61.4 7685 3.371 7.0 16 0.003 
Lani conc 25.7 71 0.548 10.0 24 0.278 26.7 178 2.443 
Maco balt 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 
Scol 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 
Spiobomb 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 
Tharmari 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 ofthe 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 relati vely 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 predietien 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 Oostersehelde could be considered as a different system, being 
more a 'coastal basin ' then a 'true estuary', the regression models frorn the Schelde estuary 
seemed to be applicable in the Oosterschelde. 

I 
ö 

I 

I 
ö 

I 

Figure I. P-values (predicted probability of occurrence), divided into Jour classes (p<0.25, 
0.25<p<0.50, 0.50<p<O. 72, p>O. 75), forten macrobenthic species in the Oosterschelde, basedon the 
regression models obtainedfrom the Schelde estuary. In each class the observed presencelabsence in 
the field is indicated. 
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Table 3. Comparative stalistics on the predieled and observed occurrence of ten macrobenthic 
species in the Oostersehelde basedon the regression nwdels (without sediment characteristics) 
obtainedfrom the Westersehelde data (Po= Present observed; Ao =Absent observed; Pm =Present 
predicted by the model; Am= Absent predicted by the model). 

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=O,I72) 
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=0,47 4) 
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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Thoryx marioni (p=0,318) 
Response Model % 
Observed Pm Am Total correct 

Po 161 223 384 41,9 
Ao 223 406 629 64,5 

Total 384 629 1013 56,0 

Eteone longa (p=0,437) 
Response Model % 
Observed Pm Am Total correct 

Po 58 76 134 43,3 
Ao 76 803 879 91,4 

Total 134 879 1013 85,0 

Nephtys hombergü (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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